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Hematopoietic Tumors

SECTION A: CANINE LYMPHOMA AND

LYMPHOCYTIC LEUKEMIAS

DAVID M. VAIL, MARIE PINKERTON, AND
KAREN M. YOUNG

Lymphoma

Lymphoma (malignant lymphoma or lymphosarcoma) comprises
a diverse group of neoplasms that have in common their origin
from lymphocytes. The neoplasms usually arise in lymphoid tis-
sues such as lymph nodes (LNs), spleen, and bone marrow; how-
ever, they may arise in almost any tissue in the body. Although
the annual incidence of lymphoma is difficult to predict in the
absence of a national canine tumor registry, it is clear that it rep-
resents one of the most common neoplasms seen in the dog. The
annual incidence has been estimated to range between 13 and
114 per 100,000 dogs at risk. The rates at specific ages are esti-
mated to be 1.5 per 100,000 for dogs less than 1 year of age
and 84 per 100,000 for dogs 10 to 11 years old."* Lymphoma
comprises approximately 7% to 24% of all canine neoplasias and
83% of all canine hematopoietic malignancies.”® In a review of
the Veterinary Medical Database Program (VMDP) at Purdue
University from 1987 to 1997, the frequency of dogs presented
with lymphoma to 20 veterinary institutions increased from
0.75% to 2.0% of total case load, and it appears the frequency
is continuing to increase. A similar trend is present in physician-
based oncology; non-Hodgkin’s lymphoma (NHL) represents 5%
of all new cancer cases, the fifth leading cause of cancer death,
and the second fastest growing cancer in terms of mortality in
humans.” Middle-aged to older (median age of 6-9 years) dogs
are primarily affected, although dogs with T-cell lymphoma tend
to be younger.® A decreased risk for lymphoma is reported for
intact females.” Breeds reported to have a higher incidence include
boxers, bullmastiffs, basset hounds, St. Bernards, Scottish terriers,
Airedales, pitbulls, Briards, Irish setters, Rottweilers, and bulldogs;
breeds at lower risk include dachshunds and Pomeranians.®!%-1!
See Box 33.1.

Etiology

The etiology of canine lymphoma is likely multifactorial and
largely unknown; however, investigations are currently shedding
significant light on the subject.
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Genetic and Molecular Factors

Advances in molecular cytogenetics (see Chapter 1, Section A),
including array-comparative genomic hybridization and chromosome
painting, have been and are currently being applied to investigations
of chromosomal aberrations in dogs with lymphoma.'?-'® Publica-
tion of the canine genome and commercial availability of canine gene
microarrays (GeneChip Canine Genome 2.0 Array, Affymetrix, Inc.)
have led to advances in our understanding of deregulations of gene
expression occurring in lymphoma.'? Gains of canine chromosomes
13 and 31 and loss of chromosome 14 have been documented as the
most common aberrations in a group of 25 cases analyzed.!” Chro-
mosomal aberrations have also been associated with prognosis in dogs
with lymphoma. A study of 61 dogs with lymphoma demonstrated a
prognostic advantage in dogs with trisomy of chromosome 13 (25%
of the dogs studied), as evidenced by increase in duration of first remis-
sion and overall survival time (ST).?" Germline and somatic genetic
mutations and altered oncogene/tumor suppressor gene expression,
epigenetic changes (e.g., DNA hypomethylation), signal transduc-
tion, and death-pathway alterations (e.g., Bc/-2 family) are common
in human lymphomas and have been reported in the dog as well (see
Chapter 1, Section A, and Chapter 15, Section B).?!=> These include
N-ras, p53, Rb, p16 cyclin-dependent kinase, telomerase, and NF-«kB
among others.”>?%3! Somatic mutations, as determined by exome
sequencing, have shown much overlap in canine breeds with respect
to B-cell lymphoma, specifically mutations in TRAF3-MAP3K14,
FBXW?7, and POT1, but little overlap in somatic mutations among
breeds with T-cell lymphoma.”! In addition, differences in the preva-
lence of immunophenotypic subtypes of lymphoma among different
breeds indicate heritable risks.?”> Telomerase activity (see Chapter 2)
has also been documented in canine lymphoma tissues.”>%> As
somatic mutations are often implicated, it is not surprising that
alterations or deficiencies in DNA repair mechanisms would also
be implicated, as has been demonstrated in golden retrievers with
lymphoma.?¢

Infectious Factors
The hypothesis that a retrovirus may be involved in the pathogen-
esis of canine lymphoma has not been confirmed. Epstein—Barr
virus, a gammaherpesvirus linked to some forms of lymphoma in
humans, has also been investigated in canine lymphoma; however,
there was no association between serologic or molecular detection
of gammaherpesvirus and development of lymphoma.?”38

In humans, a direct association between Helicobacter sp. infec-
tions and development of gastric lymphoma has been made.?”
Although this has not been definitively shown in dogs, there is



* BOX 33.1 Key Clinical Summary Points: Canine

Lymphoma

e Lymphoma is a catch-all term for approximately two dozen lymphocyte

cancer subtypes (Table 33.1).

Most are intermediate or high grade, but indolent forms exist.

Dogs with lymphoma most commonly have peripheral lymphadenopathy,
although varied anatomic locations can be affected (Box 33.2).

e For nodal disease, needle aspirate cytology is a good first screening
step; ancillary diagnostics are required to subtype for prognosis or to
confirm diagnosis in equivocal cases (Figs. 33.3, 33.8).

e Many treatment protocols exist, but most involve CHOP-based
combination chemotherapy (Table 33.4).

e |nitially gratifying to treat, as response rates are high and often durable
(>6 months); however, cures are rare (<10%) and it is ultimately a
uniformly fatal disease.

e Dogs with indolent subtypes may live years, often without therapeutic
intervention.

e A veterinary oncology specialist should be consulted on individual cases,
as the clinical, diagnostic, and therapeutic landscape changes rapidly.

evidence of Helicobacter sp. infection in laboratory beagle dogs
resulting in gastric lymphoid follicle formation that is considered
a precursor of mucosa-associated lymphoid tissue (MALT) lym-
phoma in humans.*

Alterations in the gut microbiome have been implicated as
playing a role in susceptibility to certain tumors. Fecal microbiota
of dogs with lymphoma have been shown to be significantly dif-
ferent than control dogs, although a cause—effect relationship is
unclear.4!

Environmental Factors

In humans, evidence has accumulated implicating phenoxyacetic
acid herbicides, in particular 2,4-dichlorophenoxyacetic acid (2,
4-D), in the development of NHL. Some epidemiologic evidence
also implicates lawn herbicide use and occurrence of lymphoma
incidence in dogs.*>*> In one case-control study, the risk of canine
lymphoma was reported to rise two-fold (odds ratio [OR] = 1.3)
with four or more yearly owner applications of 2,4-D. The results of
this study have come under criticism, and three additional follow-up
investigations have not validated this increased risk.“>¢ In another
study, dogs exposed to lawn treatment within 7 days of application
were greater than 50 times more likely to have 2,4-D urinary levels
of 50 pg/L or higher.*> In an environmental case-control study per-
formed in Europe, two variables, residency in industrial areas and
use of chemicals (defined as paints or solvents) by owners, mod-
estly increased the risk of developing lymphoma; however, no link
was found with pesticide use.”” A more recent epidemiologic study
investigating multiple environmental factors showed increased risk
of canine lymphoma with use of lawn care products, in particular
professionally applied pesticides.?> This study did not find an asso-
ciation with flea and tick control products.

A weak association between lymphoma in dogs and exposure
to strong magnetic fields was observed in a preliminary epidemio-
logic study.”® In this hospital-based case-control study, the risk
of developing lymphoma with high or very high exposure was
increased (OR = 1.8). More thorough studies are necessary to eval-
uate this association further. Proximity to environmental waste
was implicated in two European studies; however, it was felt to be
a risk indicator rather than a risk factor and would require further
case-control investigations.’!%> Exposure to tobacco smoke was
also implicated in one study.>?
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Immunologic Factors

Impaired immune function has also been implicated in dogs with
lymphoma. Immune system alterations, such as immune-medi-
ated thrombocytopenia, independent of age and sex, have been
associated with a higher risk of subsequently developing lym-
phoma compared with the normal population.*>> Additional
evidence comes from observations in human and feline transplan-
tation patients.”®% In a case-control study of cats undergoing
renal transplant, 24% of cases developed cancer (36% of those
were lymphoma) while on cyclosporine immunosuppressive ther-
apy compared with 5.1% of control cats, none of which developed
lymphoma (OR, 6.1; p = 0.001).5® A case of lymphoma develop-
ing in a dog after treatment with cyclosporine also exists.”” One
report suggests an association between the immunodysregulation
observed in dogs with atopic dermatitis and the risk of developing
epitheliotropic T-cell lymphoma; whether lymphoma is associated
with the primary disease or the immunomodulatory treatments
commonly applied is unknown.>

Classification and Pathology

Classification of malignant lymphoma in dogs is based on ana-
tomic location, histologic criteria, and immunophenotypic char-
acteristics. The most common anatomic forms of lymphoma, in
order of decreasing prevalence, are multicentric, gastrointestinal
(GI), mediastinal, and cutaneous forms.° Primary extranodal
forms, which can occur in any location outside the lymphatic sys-
tem, include the eyes, skin, central nervous system (CNS), bone
marrow, bladder, heart, and nasal cavity. The pathologic charac-
teristics of the various anatomic classifications will be discussed in
this section and clinical characteristics will be described in subse-
quent sections.

More than 80% of dogs with lymphoma are presented with
the multicentric form, which is usually characterized by the pres-
ence of peripheral lymphadenopathy (Fig. 33.1).°" The alimen-
tary form of lymphoma is much less common, accounting for 5%
to 7% of all canine lymphomas. Primary GI lymphoma in dogs
may occur focally, but more often affects multiple segments with
thickening of the wall, narrowing of the lumen, and frequently
mucosal ulceration.®":*? Histologically, there is infiltration of neo-
plastic lymphocytes throughout the mucosa and submucosa with
occasional transmural infiltration. Liver and local LNs are often
secondarily involved. Lymphocytic-plasmacytic inflammatory
bowel disease (LP-IBD) can be seen adjacent to or distant from
the primary tumor. Pathologically, some of these neoplasms may
resemble plasma cell tumors and aberrant production of immu-
noglobulins may occur. Histologically, distinguishing between GI
lymphoma and LP-IBD can be difficult. Some have suggested that
LP-IBD may be a prelymphomatous change in the GI tract. A
syndrome of immunoproliferative intestinal disease characterized
by LP-IBD has been described in Basenjis, which subsequently
develop GI lymphoma.®® In addition, plasma cell-rich areas with
heterogeneous lymphomatous infiltration may resemble lesions
of LP-IBD. Only a few reports specifically identify the immuno-
phenotype of the lymphocyte subpopulations in GI lymphoma
in dogs. Historically, it was presumed that they most likely origi-
nate from B cells; however, recent evidence suggests that most GI
lymphomas in dogs arise from T cells and often exhibit epith-
eliotropism.0>¢4% The boxer and Shar-pei breeds may be over-
represented in cases of alimentary lymphoma.®>0

The mediastinal form of the disease occurs in approximately
5% of cases.® This form is characterized by enlargement of the
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cranial mediastinal LNs, thymus, or both (Fig. 33.2). Hypercalce-
mia is reported to occur in 10% to 40% of dogs with lymphoma
and is most common with the mediastinal form. In a study of 37
dogs with lymphoma and hypercalcemia, 16 (43%) had mediasti-
nal lymphoma.®” The mediastinal form in dogs is most commonly
associated with a T-cell phenotype.®®%” A single case of mediasti-
nal y0T-cell lymphoma with large granular lymphocyte morphol-
ogy has been reported.”’

Cutaneous lymphoma can be solitary or more generalized and
is usually classified as epitheliotropic (mycosis fungoides) or non-
epitheliotropic.”!”?> Canine epitheliotropic cutaneous lymphoma

e Fig. 33.1 A dog with obvious mandibular lymphadenopathy resulting
from multicentric lymphoma.

¢ Fig.33.2 (A) Lateral radiographic projection of a dog with mediastinal lymphoma. (B) Ventrodorsal projec-

tion of the same dog.

originates from T cells,”>7” similar to the case in humans. In
dogs, these more commonly represent CD8* cells, whereas in
humans they are typically CD4* cells.”® A rare form of cutane-
ous T-cell lymphoma, characterized by skin involvement with evi-
dence of peripherally circulating large (15-20 pm in diameter)
malignant T cells with folded, grooved nuclei, has been described.
In humans, this is referred to as Sézary syndrome and has been
reported in both dogs and cats.”88% Nonepitheliotropic cutane-
ous lymphomas form single or multiple dermal or subcutaneous
nodules or plaques; histologically, they spare the epidermis and
papillary dermis and affect the middle and deep portions of the
dermis and subcutis.”” An inflamed form of nonepitheliotropic
cutaneous T-cell lymphoma (NE-CTCL) is more pleocellular and
can be difficult to differentiate from reactive histiocytosis.”!

Atypical Anatomic Forms of Lymphoma

Hepatosplenic lymphoma is a relatively uncommon, distinct pre-
sentation in the dog marked by a lack of significant peripheral
lymphadenopathy in the face of hepatic, splenic, and bone mar-
row infiltration with malignant lymphocytes, usually of T-cell
origin.81-83 Biologically, this form of lymphoma is extremely
aggressive and poorly responsive to therapy. In humans and dogs,
the tumor usually is composed of yOT cells (i.e., T cells that
express the Yy T-cell receptor).8!-82

Intravascular  (angiotropic, angioendotheliomatosis) lym-
phoma is a distinct form of lymphoma defined as proliferations of
neoplastic lymphocytes within the lumen and wall of blood vessels
in the absence of a primary extravascular mass or leukemia. It has
been reported several times in the veterinary literature and often
involves the CNS and peripheral nervous system (PNS), includ-
ing the eye.?*%? The B-cell immunophenotype is most common
in humans; however, in most reported cases in dogs, the origin is
either T cell or null cell (neither B nor T cell), although one case
of a B-cell phenotype has been reported.

Pulmonary lymphomatoid granulomatosis (PLG), also termed
angiocentric B-cell lymphoma, is a rare neoplasm of the lung and
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Nodal Lymphoma

Intermediate
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¢ Fig. 33.3 The histologic approach toward the classification of canine nodal lymphoma. Using excisional
lymph node sections, lymphoma is initially divided into diffuse (effacing) or nodular (noneffacing) forms of
the disease. Next, using a red blood cell or a small lymphocyte as a guideline, the neoplastic population is
divided into large, small, and intermediate forms of the disease. Finally, using knowledge of additional cellu-
lar and nuclear features, including mitotic rate and immunophenotype (B cell, blue boxes; T cell, red boxes),
a final diagnosis is established. ALT, Anaplastic large cell T-cell lymphoma; BL, Burkitt lymphoma; DLBCL,
diffuse large B-cell ymphoma; FL, follicular lymphoma; LBL, lymphoblastic lymphoma; LPC, lymphoplas-
macytoid lymphoma; MCL, mantle cell ymphoma; MZL, marginal zone lymphoma; PTCL, NOS, periph-
eral T-cell ymphoma, not otherwise specified; SLL, small lymphocytic lymphoma; 7ZL, T-zone lymphoma.
(Reproduced and modified with permission from Seelig DM, Avery AC, Ehrhart EJ, Linden MA. The com-
parative diagnostic features of canine and human lymphoma. Vet Sci. 2016;3(2). Epub 2017/04/25. https://
doi.org/10.3390/vetsci3020011. PubMed PMID: 28435836; PubMed Central PMCID: PMCPMC5397114.)

occasionally other tissues, characterized by a heterogeneous accu-
mulation of lymphocytes (both B and T cell), neutrophils, plasma
cells, and macrophages, often arranged angiocentrically.”"-%4
Clinical signs are related to respiratory compromise, and various
chemotherapeutic protocols have been used with reported results
varying from rapid progression to long-term clinical remissions.

Histologic Classification Systems

Lymphomas arise from clonal expansion of lymphocytes with
distinctive morphologic and immunophenotypic features. Many
histologic systems have been used to classify NHL in humans,
and some of these have been applied to lymphoma in the dog and
other species. Histologic classification of lymphoma currently fol-
lows the Revised European American Lymphoma/World Health
Organization (REAL/WHO) system, which incorporates ana-
tomic, morphologic (cytology and histology), and immunopheno-
typic criteria (B- and T-cell immunophenotype), with the goal of
enabling accurate and reproducible diagnosis of specific neoplastic
entities.”"?>% Fig. 33.3 represents an overall histologic approach
to the classification of various subtypes in the dog as reviewed by
Seelig et al.”>?” This theoretically should assist in better tailoring

of treatment protocols, better correlation of prognosis with sub-
type, and better comparative capabilities once larger data sets with
correlate outcomes are generated. Table 33.1 shows some of the
WHO categories in three different surveys, including a 2-year sur-
vey (2008-2009) of canine necropsy and biopsy cases at the Uni-
versity of Wisconsin-Madison Veterinary Care Hospital??9%:90-9%;
some of the less common categories in the REAL/WHO system
were not represented and are not listed. Most canine lymphomas
fall into the following categories, in decreasing frequency: diffuse
large B-cell lymphoma (DLBCL), peripheral T-cell lymphoma
not otherwise specified (PTCL-NOS), T-zone lymphoma (TZL),
T-lymphoblastic lymphoma (also called “precursor T-cell neopla-
sia”), and marginal zone lymphoma (MZL).”° The REAL/WHO
system provides accurate and consistent reproducible diagnostic
results similar to the system used in human pathology; agreement
among a group of pathologists examining 300 cases was 83%), and
accuracy in evaluating the six most common diagnoses (80% of the
cases) was 87%.” It is clear that lymphoma is not a single disease,
and classification by subtype will become increasingly important
as clinical studies are performed to correlate the various catego-
ries of disease with biologic behavior, response to treatment, and
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World Health Organization Classification System for Canine Lymphoma

PERCENTAGE
Seelig et al® Vezzali et al® University of Wisconsin
Category (n = 3 data sets) (n=123) (n=122)
B-Cell Neoplasms 69 78.9 59.0
Precursor B lymphoblastic leukemia/lymphoma? — 2.4 8.2
B-cell chronic lymphocytic leukemia/small lymphocytic lym- = 24 0.8
phoma
Lymphocytic lymphoma—intermediate type — 0.8 =
Lymphoplasmacytic lymphoma — 3.3 0.8
Mantle cell lymphoma 2 1.6 —
Follicular center cell lymphomas — 2.4 —
Marginal zone lymphoma (splenic, nodal, mucosa-associated 8 3.3 2.5
lymphoid tissue)
Plasma cell myeloma/plasmacytoma — 16.3 9.8
Diffuse large cell lymphoma 52 5.3 24.6
T-cell-rich, B-cell lymphoma — 0.8 —
Large cell immunoblastic lymphoma — 10.6 10.7
Mediastinal (thymic) large B-cell lymphoma — 0.8 —
Burkitt’s lymphoma/leukemia — 0.8 1.6
Other B cell 8¢ — —
T-Cell and Natural Killer (NK) Cell Lymphomas 31 21.1 41.0
Precursor T lymphoblastic lymphoma/leukemia? 3 6.5 9.8
T-cell chronic lymphocytic leukemia (CLL) — 3.3 0.8
Intestinal T-cell lymphoma — 4.1 4.1
Mycosis fungoides/Sézary syndrome — 1.6 11.5
Cutaneous nonepitheliotropic lymphoma — 3.3 —
Anaplastic large cell lymphoma — — 0.8
Peripheral T-cell lymphoma-not otherwise specified 15 2.4 13.1¢
T-zone lymphoma 4
Other T cell 7 — —
Other 8L

2Acute leukemias and lymphoblastic lymphomas of both B and T derivation are also classified as lymphoid “precursor neoplasms.”

"Non-B, non-T lymphomas.
tIncludes T-zone lymphoma in this data set.
d0ther in Seelig include those not otherwise subclassified.

prognosis. Preliminary results indicate that dogs with indolent
lymphoma (e.g., MZL, follicular lymphoma, B- or T-cell small
cell lymphoma, T-cell-rich B-cell lymphoma, and TZL) maintain
normal activity and appetite levels even during advanced stages of
disease and experience long-term survival even with limited or no
therapy2099-102

Other classification systems that have been used include the
National Cancer Institute Working Formulation (WF)!3 and
the updated Kiel system.!* The WF was developed to allow

investigators to “translate” among the numerous classification sys-
tems so that clinical trials could be compared in humans. Most
of the larger compilations agree that most canine lymphomas are
intermediate or high grade. The WF categorizes tumors according
to pattern (diffuse or follicular) and cell type (e.g., small cleaved
cell, large cell, immunoblastic), but it does not include informa-
tion about the immunophenotype of the tumor.!> The WF sub-
types are related to the biology of the tumor and patient survival.
The updated Kiel classification includes the architectural pattern,



morphology (centroblastic, centrocytic, or immunoblastic), and
immunophenotype (B or T cell) of the tumor cells.!* In both sys-
tems, the tumors can then be categorized as low-grade, interme-
diate-grade, or high-grade malignancies. Low-grade lymphomas
composed of small cells with a low mitotic rate typically progress
slowly and are associated with long STs, but are ultimately incur-
able. High-grade lymphomas with a high mitotic rate progress
rapidly, but are more likely to respond initially to chemotherapy
and, in humans, are potentially curable. In the REAL/WHO sys-
tem, each subtype of lymphoma is classified as a distinct disease
based on characteristics that include biologic behavior (indolent
versus aggressive, response to treatment).”’

Several features of canine lymphomas become apparent when
these classification systems are applied. The most striking difference
between canine and human lymphomas is the scarcity of follicular
lymphomas in the dog. The most common form of canine lym-
phoma is DLBCL, a high-grade tumor.?%9%9%195 A small percent-
age of canine lymphomas (5.3%—29%) are considered low-grade.

A documented difference exists in the prevalence of the various
immunophenotypes based on breed.>!1%197 For example, cocker
spaniels and Doberman pinschers are more likely to develop B-cell
lymphoma, boxers are more likely to have T-cell lymphoma, and
golden retrievers appear to have an equal likelihood of B- and
T-cell tumors.

To be clinically useful, these classification systems in the end
must yield information about response to therapy, maintenance
of remission, and survival. In most studies, high-grade lympho-
mas achieve a complete response (CR) to chemotherapy signifi-
cantly more often than low-grade tumors. However, dogs with
low-grade tumors may live years without aggressive chemother-
apy.!00-102108-111 Dogs with T-cell lymphomas have shown a
lower rate of CR to chemotherapy and shorter remission and STs
than dogs with B-cell tumors (with the exception of low-grade
T-cell subtypes).0%0%112113 Furthermore, T-cell lymphomas are
more commonly associated with hypercalcemia.®!1%115

In the veterinary literature, 60% to 80% of canine lymphomas
are of B-cell origin; T-cell lymphomas account for 10% to 38%;
mixed B- and T-cell lymphomas account for as many as 22%j; and
null-cell tumors represent fewer than 5%.808:69-116-118 The devel-
opment of monoclonal antibodies to detect specific markers on
canine lymphocytes has made immunophenotyping of tumors in
dogs routinely available in many commercial laboratories. Such
techniques can be performed on parafin-embedded samples,
from tissue microarrays, on cytologic specimens obtained by fine-
needle aspiration (FNA) of lesions, or by flow cytometric analy-
sis of cellular fluid samples (e.g., peripheral blood, effusions) and
lesion aspirates.

One criticism of the Kiel and WF classification systems is that
they fail to include extranodal lymphomas as a separate category.
The REAL/WHO system does include anatomic location as a
factor in determining certain categories. Although differences
between nodal and extranodal tumors in biologic behavior and
prognosis are well recognized, comparative information about the
histogenesis of these tumors is lacking. For example, in humans,
small-cell lymphomas arising from MALT are composed of cells
with a different immunophenotype than that of other small-cell
lymphomas (i.e., MALT lymphomas typically are negative for
both CD5 and CD10). With the exception of cutaneous lym-
phoid neoplasms, detailed characterization of extranodal lympho-
mas in dogs has not been done. Although cutaneous lymphoma is
a heterogeneous group of neoplasms that includes an epitheliotro-
pic form resembling mycosis fungoides and a nonepitheliotropic
form, most cutaneous lymphomas have a T-cell phenotype.!!?
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* BOX 33.2 World Health Organization’s Clinical

Staging System for Lymphoma in
Domestic Animals

1. Anatomic site
Generalized
Alimentary
Thymic
Skin
Leukemia (true)?
. Others (including solitary renal)
tage (to include anatomic site)
I Involvement limited to a single node or lymphoid tissue in a single
organ®
Il. Involvement of many lymph nodes in a regional area (+ tonsils)
lll. Generalized lymph node involvement
IV. Liver and/or spleen involvement (+ Stage IIl)
V. Manifestation in the blood and involvement of bone marrow and/or
other organ systems (+ Stage I-IV)
Each stage is subclassified into:
a. Without systemic signs
b. With systemic signs

Mmoo O m >

N
()

20nly blood and bone marrow involved.
PExcluding bone marrow.

To summarize, it is important to determine the histologic grade
of canine lymphomas as low (small lymphocytic or centrocytic
lymphomas), intermediate, or high (diffuse large cell, centroblastic,
and immunoblastic lymphomas), and the architecture as diffuse or
nodular/follicular. Furthermore, determining the immunopheno-
type of the tumor provides useful information and is essential to
accurately subtype lymphoma. Response rates to chemotherapy
are, in general, better in animals with B-cell tumors and interme-
diate- to high-grade lymphomas. Dogs with low-grade indolent
lymphomas can have long STs without aggressive therapy.

History and Clinical Signs

The clinical signs associated with canine lymphoma are variable
and depend on the extent and location of the tumor. Multicen-
tric lymphoma, the most common form, is usually distinguished
by the presence of generalized peripheral lymphadenopathy (see
Fig. 33.1). Enlarged LNs are usually painless, rubbery, and dis-
crete. In addition, hepatosplenomegaly and bone marrow involve-
ment can be associated with generalized lymphadenopathy. Most
dogs with multicentric lymphoma are presented without dramatic
signs of systemic illness (WHO substage @) (Box 33.2); however, a
diversity of nonspecific signs such as anorexia, weight loss, vomit-
ing, diarrhea, emaciation, ascites, dyspnea, polydipsia, polyuria,
and fever can occur (WHO substage 4). Dogs with T-cell lym-
phoma are more likely to have constitutional (i.e., substage &)
signs. Most veterinary oncologists consider mild-moderate sever-
ity of clinical signs sufficient for a substage & designation.'?’ Poly-
dipsia and polyuria are often evident in dogs with hypercalcemia
of malignancy. Dogs may also be presented with clinical signs
related to blood dyscrasias secondary to marked tumor infiltra-
tion of bone marrow (myelophthisis) or paraneoplastic anemia,
thrombocytopenia, or neutropenia. These could include fever,
sepsis, anemia, and hemorrhage. Diffuse pulmonary infiltration,
as detected by radiographic changes, is seen in 27% to 34% of
dogs with the multicentric form (Fig. 33.4).!21:122 Based on bron-
choalveolar lavage, the actual incidence of lung involvement may

be higher.!23:124
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¢ Fig.33.4 Lateral projection of a thoracic radiograph of a dog with diffuse
interstitial infiltration with lymphoma secondary to multicentric lymphoma.
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Dogs with GI lymphoma usually present with nonspecific
GI signs, such as vomiting, diarrhea, weight loss, and mal-
absorption.("’(’4’125*128 Mesenteric LN, spleen, and liver may be
involved.

The mediastinal form of lymphoma is characterized by enlarge-
ment of the cranial mediastinal structures and/or thymus (see
Fig. 33.2), and clinical signs are associated with the extent of dis-
ease with resulting respiratory compromise or polydipsia/polyuria
from hypercalcemia. In advanced cases, dogs present with respira-
tory distress caused by a space-occupying mass and pleural effu-
sion, exercise intolerance, and possibly regurgitation. In addition,
dogs with mediastinal lymphoma may have precaval syndrome,
characterized by pitting edema of the head, neck, and forelimbs
secondary to tumor compression or invasion of the cranial vena
cava (Fig. 33.5).

Clinical signs in dogs with extranodal lymphoma depend on
the specific organ involved. Cutaneous lymphoma can be muco-
cutaneous, cutaneous, or both. Lesions can be solitary, gener-
alized, or multifocal.”’7470:129-132 Tumors occur as nodules,
plaques, ulcers, and erythemic or exfoliative dermatitis with focal

¢ Fig. 33.5 (A) Facial edema in a dog with precaval syndrome secondary to mediastinal lymphoma. (B)
Forelimb edema in a dog with precaval syndrome secondary to mediastinal lymphoma. (C) The dog in
(B) 24 hours after radiation therapy to the cranial mediastinal mass, showing resolution of pitting edema.
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* Fig.33.6 (A) Early epitheliotropic cutaneous lymphoma in the scaly, plaque stage in a dog. (B) Advanced
epitheliotropic cutaneous lymphoma in the nodular stage in a dog. (C) Oral mucosal epitheliotropic cutane-
ous lymphoma in a dog.

hypopigmentation and alopecia. Epitheliotropic T-cell lymphoma
(e.g., mycosis fungoides) typically has a clinical course with three
apparent clinical stages. Initially, there will be scaling, alopecia,
and pruritus (Fig. 33.6A), which can mimic a variety of other skin
conditions. As the disease progresses, the skin becomes more ery-
thematous, thickened, ulcerated, and exudative. The final stage is
characterized by proliferative plaques and nodules with progres-
sive ulceration (Fig. 33.6B). Oral mucocutaneous involvement
may also occur and this can appear as multicentric erythematous
plaque-like hypopigmented lesions or nodules associated with the
gum and lips (Fig. 33.6C). Extracutaneous involvement can also
occur, most often in the LNs, spleen, liver, and bone marrow/
peripheral blood. Nonepitheliotropic cutaneous lymphomas are
also quite variable in appearance and can form single or multiple
dermal or subcutaneous nodules or plaques that may be nonpu-
ritic, ulcerated, or alopecic with crusts.”! The face (lips, nasal pla-
num, eyelids), lower extremities (paws, interdigital folds), neck,
and trunk are often affected.

Dogs with CNS lymphoma may be presented with either
multifocal or solitary involvement.!33-135 The majority of cases

involve secondary extension into the CNS. Most have a B-cell
immunophenotype and have meningeal, perivascular, and peri-
ventricular locations, whereas T-cell varieties are more likely to
involve the peripheral nerves.!?® Seizures, paralysis, and paresis
may be noted.

Ocular lymphoma is characterized by infiltration and thick-
ening of the iris, uveits, hypopyon, hyphema, posterior syn-
echia, and glaucoma, and is discussed in more detail in Chapter
32.137-139 Although it is often secondary to multicentric systemic
lymphoma, in a compilation of 100 cases, 61% were presumed
solitary ocular lymphoma (PSOL) without systemic involvement
at diagnosis and no progression postenucleation.'?” Peripheral
T-cell lymphoma and DLBCL are the most common subtypes.
Importantly, dogs with PSOL had median survival times (MSTs)
of 769 days versus 103 days for dogs having systemic involvement
at diagnosis. In one study of 94 cases of canine multicentric lym-
phoma, 37% had ocular changes consistent with lymphoma; and,
in a series of 102 cases of uveitis in dogs, 17% were secondary to
lymphoma.'? Anterior uveitis was most commonly seen in the
advanced stage of disease (stage V).
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Dogs with intravascular lymphoma usually present with signs
related to CNS, PNS, or ocular involvement,**#% including
paraparesis, ataxia, hyperesthesia, seizures, blindness, lethargy,
anorexia, weight loss, diarrhea, polyuria, polydipsia, and intermit-
tent fever. Finally, dogs with pure hepatosplenic lymphoma usu-
ally present with nonspecific signs of lethargy, inappetence and
weakness, and often are icteric.81-83

Canine lymphoma also may be associated with paraneoplastic
syndromes (see Chapter 5). Anemia is the most common lym-
phoma-related paraneoplastic syndrome.'? Paraneoplastic hyper-
calcemia is also common and is characterized clinically by anorexia,
weight loss, muscle weakness, lethargy, polyuria, polydipsia, and,
rarely, CNS depression and coma. Lymphoma-induced hypercal-
cemia in most cases results from parathyroid hormone-related pep-
tide (PTHrP), elaborated by neoplastic cells; however, it can also be
related to the production of several other humoral factors, includ-
ing interleukin-1 (IL-1), tumor necrosis factor-alpha (TNF-a),
transforming growth factor-beta (TGF-), and vitamin D analogs
(e.g., 1,25-dihydroxyvitamin D).!!%115141-143 A previously dis-
cussed, hypercalcemia is most commonly associated with the T-cell
immunophenotype. Other parancoplastic syndromes that may be
encountered include monoclonal gammopathies, neuropathies, and
cancer cachexia.

Diagnostics

For dogs with suspected lymphoma, the diagnostic evaluation
should include a thorough physical examination; complete blood
count (CBC), including differential leukocyte and platelet counts;
a serum biochemical profile; and urinalysis. Optimally, plasma
ionized calcium concentration should be measured. Ultimately,
obtaining tissue or cytologic specimens (or both) for a definitive
diagnosis is essential. The differential diagnosis of lymphadenopa-
thy depends on the travel history of the dog (i.e., relative to infec-
tious disease) and the size, consistency, and location of affected
LNs. Other causes of lymphadenopathy include infections caused
by bacteria, viruses, protozoa (Zoxoplasma sp., Leishmania sp.),
rickettsial organisms (salmon poisoning, Ebrlichia sp.), and fun-
gal agents (Blastomyces and Histoplasma sp.). The potential for
hypercalcemia to accompany systemic fungal diseases may further
complicate differentiation from lymphoma. Discrete, hard, asym-
metric LN, particularly if they are fixed to underlying tissues,
may indicate metastatic tumors such as mast cell tumor or car-
cinoma. Immune-mediated diseases (e.g., pemphigus, systemic
lupus erythematosus, and immune-mediated polyarthropathy)
also may result in mildly to moderately enlarged LNs. The various
differential diseases or conditions that can resemble canine lym-
phoma are listed in Table 33.2.

Physical Examination

A thorough physical examination should include palpation of all
assessable LNs and rectal examination, as in the authors’ expe-
rience, a significant proportion of dogs will have rectal polyps
consisting of aggregates of neoplastic lymphocytes. Inspection
of mucous membranes for pallor, icterus, petechiae, and ulcer-
ation should be undertaken as these signs may indicate anemia
or thrombocytopenia secondary to myelophthisis or immune-
mediated disease or may be evidence of major organ failure or
uremia. Abdominal palpation may reveal organomegaly, intestinal
wall thickening (if marked), or mesenteric lymphadenopathy. The
presence of a mediastinal mass and/or pleural effusion can be sus-
pected after thoracic auscultation. Ocular examination, including

Differential Diseases or Conditions That
Can Resemble Canine Lymphoma

Form of Lymphoma  Other Disorders

Multicentric Disseminated infections: bacterial, viral, rick-
ettsial, parasitic, fungal

Immune-mediated disorders: dermatopathies,
vasculitis, polyarthritis, lupus erythrema-
tosus

Tumors metastatic to nodes

Other hematopoietic tumors: leukemia, multiple
myeloma, malignant or systemic histiocy-
tosis

Mediastinal Other tumors: thymoma, chemodectoma,
ultimobranchial cyst, ectopic thyroid carci-
noma, pleural carcinomatosis, pulmonary
lymphomatoid granulomatosis®

Infectious disease: granulomatous disease,
pyothorax

Miscellaneous: congestive heart failure, chylo-
thorax, hemothorax

Alimentary Other gastrointestinal tumors, foreign body,
lymphangiectasia, lymphocytic-plasmacytic
enteritis, systemic mycosis, gastroduodenal

ulceration

Cutaneous Infectious dermatitis: advanced pyoderma
Immune-mediated dermatitis: pemphigus
Other cutaneous neoplasms (in particular

histiocytic disorders)

Extranodal Variable, depending on organ/system involved

aThe existence of this disease is controversial; in most cases the disease has been reclassi-
fied as a lymphoid neoplasm.

funduscopic assessment, may reveal abnormalities (e.g., uveitis,
retinal hemorrhage, ocular infiltration, glaucoma) in approxi-
mately one-third to one-half of dogs with lymphoma.!3%-144

Complete Blood Count, Biochemical Profile,
and Urinalysis

Anemia, the most common lymphoma-related hematologic
abnormality, is usually normochromic and normocytic (non-
regenerative), consistent with anemia of chronic disease'; how-
ever, hemorrhagic and hemolytic anemias may also occur, and
regenerative anemias may reflect concomitant blood loss or hemo-
lysis. In addition, if significant myelophthisis is present, anemia
may be accompanied by thrombocytopenia and leukopenia.'4>:140
In animals with anemia or evidence of bleeding, in addition to a
platelet count, a reticulocyte count and coagulation testing may
be indicated. Thrombocytopenia occurs in 30% to 50% of cases,
but bleeding is seldom a clinical problem. Neutrophilia occurs in
25% to 40% of dogs and lymphocytosis occurs in approximately
20% of affected dogs. Circulating atypical lymphocytes may be
indicative of bone marrow involvement and leukemia. It is impor-
tant to differentiate multicentric lymphoma with bone marrow
involvement (i.e., stage V disease) from primary lymphocytic leu-
kemia because the prognosis for each may be different. Hypopro-
teinemia is observed more frequently in animals with alimentary
lymphoma. In dogs with a high total protein concentration or evi-
dence of an increased globulin fraction on a biochemical profile,



serum proteins may be evaluated by serum protein electropho-
resis. Monoclonal gammopathies have been reported to occur in
approximately 6% of dogs with lymphoma.'#”

Serum biochemical abnormalities often reflect the anatomic
site involved as well as paraneoplastic syndromes, such as hyper-
calcemia. In dogs with lymphoma, ionized calcium concentra-
tions should be obtained, as they may be increased even if the total
calcium concentration is within the reference interval. In cases of
hypercalcemia of unknown origin, lymphoma should always be
considered high on the differential disease list and diagnostic testing
directed at this possibility should be undertaken (see Chapter 5).
In addition, the presence of hypercalcemia can serve as a biomarker
for response to therapy and relapse. Increased urea nitrogen and
creatinine concentrations can occur secondary to renal infiltra-
tion with tumor, hypercalcemic nephrosis, or prerenal azotemia
from dehydration. Increases in liver-specific enzyme activities or
bilirubin concentrations may result from hepatic parenchymal
infiltration. Increased serum globulin concentrations, usually
monoclonal, occur infrequently with B-cell lymphoma.

Urinalysis is part of the minimum database used to assess
renal function and the urinary tract. For example, isosthenuria
and proteinuria in the absence of an active sediment may indi-
cate renal disease, and hematuria may result from a hemostatic
abnormality. It is important to note that isosthenuria in hyper-
calcemic dogs is not necessarily indicative of renal disease, as
high calcium concentrations interfere with tubular concentrat-
ing capabilities through impairment of response to antidiuretic
hormone; however, clinicians should be aware that there is a risk
of renal calcification and subsequent failure with sustained high
calcium concentrations.

Histologic and Cytologic Evaluation of Lymph Nodes

Morphologic and phenotypic examination of the tissue and cells
that constitute the tumor is essential to the diagnosis and sub-
typing of lymphoma. In humans, a combination of histologic,
immunophenotypic, clinical, and genetic features are used in
the diagnosis and subtyping of NHL. An excellent review of
the morphologic and immunophenotypic diagnostic features of
canine lymphoma has recently been published.”® In veterinary
medicine, care should be taken to avoid sampling LNs from
reactive areas (e.g., mandibular LNs), unless those nodes are the
only ones enlarged; the prescapular or popliteal LNs are prefer-
able if also involved. Also, lymphocytes are fragile, and in pre-
paring smears of aspirated material only gentle pressure should
be applied in spreading material on the slides. As the majority
of dogs with nodal lymphomas are presented with multicentric
effacement of peripheral LNs by intermediate or large lympho-
cytes, cytologic examination of FNAs of affected LNs or other
tissues is a highly sensitive and specific first-line or screening
diagnostic step.”® Typically, most of the cells are large lympho-
cytes (>2 times the diameter of a red blood cell or larger than a
neutrophil), and they may have visible nucleoli and basophilic
cytoplasm with or without paranuclear clear zones (Fig. 33.7A)
or fine chromatin with indistinct nucleoli. Because tissue archi-
tecture is not maintained in cytologic specimens, effacement of
the node or capsular disruption cannot be detected. Therefore
marked reactive hyperplasia characterized by increased numbers
of large lymphocytes may be difficult to distinguish from lym-
phoma. In some forms of lymphoma, intermediate lymphocytes
that are similar in diameter to neutrophils predominate; these
specimens can be more challenging for novice cytopathologists.
Small-cell lymphomas may have few cytologic clues that point to
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malignancy. Therefore classification of lymphoma into subtypes
that make up the low-, intermediate-, and high-grade forms can
be attempted using cytologic appearance and immunopheno-
typic analysis of cytologic specimens (Fig. 33.7B),7¢148-150 but
is performed most accurately on histologic sections. Although
cytologic findings identified by an experienced cytopathologist
may suggest a particular subtype of lymphoma, subsequent anal-
ysis that may include flow cytometry, immunocytochemistry,
biopsy for histologic examination, clonality assays, and cytoge-
netic analysis are required to further subtype the lymphoma or
to confirm or establish a diagnosis in equivocal cases. Fig. 33.8
presents a diagnostic algorithm for assessing peripheral lymph-
adenopathy in dogs applying these techniques, beginning with
initial screening by cytologic examination.

For accurate histopathologic evaluation, an entire LN, includ-
ing the capsule, should be removed, placed in buffered formalin,
and submitted to a pathologist. Needle-core biopsies are generally
inadequate to evaluate nodal morphology. Effacement of normal
nodal architecture by neoplastic lymphocytes and capsular disrup-
tion are characteristic findings (Fig. 33.7C, D).

Histologic and Cytologic Evaluation of Extranodal Sites

Diagnostic ultrasonography and ultrasound-guided FNA or
needle biopsy have been useful for evaluation of involvement of
the liver, spleen, or abdominal LNs.!51-153 Aspiration of ultra-
sonographically normal splenic tissue is rarely contributory to a
diagnosis. If possible, the diagnosis should be made by sampling
peripheral nodes, avoiding percutaneous biopsies of the liver and
spleen. However, if there is no peripheral node involvement, it is
appropriate to biopsy affected tissues in the abdominal cavity.

When GI lymphoma is suspected, an open surgical wedge
biopsy of the intestine is preferred in most cases to differentiate
lymphoma from lymphocytic enteritis. If associated abdominal
LN also appear involved, image-guided biopsies may be obtained
with less morbidity than intestinal biopsies. Multiple samples
may be necessary to accurately diagnose segmental disease. Endo-
scopic biopsies may be inadequate as only a superficial specimen is
obtained; however, more aggressive endoscopic biopsy techniques
combined with more accurate histopathologic, immunopheno-
typic, and molecular assessments are improving the diagnostic
yield of these less invasive techniques.!?12¢:154-162 In many dogs
with primary GI lymphoma, an inflammatory nonneoplastic infil-
trate (i.e., LP-IBD) may be misdiagnosed on biopsy specimens
that are too superficial. The application of assays for clonal expan-
sion (e.g., receptor gene rearrangement [PARR]) does not appear
as yet to be as accurate for endoscopically derived intestinal biop-
sies as it is for other solid lymphoid tumors in dogs.

Cytologic examination of cerebrospinal fluid (CSF), thoracic
fluid, or mass aspirates is indicated in animals with CNS disease,
pleural effusion, or an intrathoracic mass, respectively. In two
studies, CSF analysis was diagnostic of lymphoma in 74% of 27
samples.'?313¢ Characteristics of the CSF in one study included
an increased nucleated cell count in seven dogs with 95% to
100% of the cells comprising atypical lymphocytes.'?> CSF pro-
tein concentration was increased in five of the dogs, ranging from
34 t0 310 mg/dL (reference interval <25 mg/dL). Flow cytometric
and molecular diagnostic procedures may also be applied to CSF
samples,' although cell counts may be a limiting factor as some
of these assays require at least 10,000 cells.

For cutaneous lymphoma, dermal punch biopsies (4-8
mm) should be taken from the most representative and infiltra-
tive, but not secondarily infected, skin lesions. Application of
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¢ Fig. 33.7 Lymph nodes from dogs with lymphoma.

(A) Fine-needle aspirate. Note the homogeneous

population of large lymphoid cells with prominent nucleoli and basophilic cytoplasm. These cells are larger
than the neutrophil (black arrow) in the field. Mitotic figures (thin white arrows) and tingible-body mac-
rophages (thick white arrows) also are present. (Wright’s stain, x60 objective.) (B) Fine-needle aspirate
stained for immunoreactivity for CD79a. Note that nearly all of the lymphocytes express CD79a. The diag-
nosis was B-cell ymphoma. (Alkaline phosphatase/Fast Red, x60 objective.) (C) Histologic section. Note
effacement of normal architecture. The white spaces are macrophages, giving a “starry sky” appearance
to the lymph node. (H&E, x20 objective.) (D) Histologic section. Note the presence of tumor cells outside

the capsule of the lymph node. (H&E, x20 objective.)

immunophenotypic and clonality assessments of cutaneous biop-

sies can aid in differentiating lymphoma from benign lymphocytic
lesions.”17577:163

Molecular Diagnostic Techniques

Molecular techniques can be used to establish a diagnosis of lym-
phoma, but are best used to further characterize the tumor after
the initial diagnosis is made. Indeed, in people, genetic charac-
terization of NHL are often used in diagnosis and subtyping.”®
Tissues and cells from peripheral blood, LNs, nonlymphoid sites,
and effusions can be analyzed by various molecular and cyto-
genetic means to aid in categorization of subtypes and in cases
that represent a more difficult diagnostic challenge, particularly
in cases where reactive lymphocytosis and lymphoma are both
possible based on standard histologic or cytologic assessment.
These include histochemical and cytochemical, immunohisto-
chemical (IHC) and immunocytochemical, flow cytometric,
polymerase chain reaction (PCR), and cytogenetic techniques.
For example, the immunophenotype (B vs T cell),!!$104171 pro-
liferation rate (e.g., expression of Ki67, proliferating cell nuclear

antigen expression, argyrophilic nucleolar organizer regions
[AgNOR]),087410L154171-177 and  clonality (PCR for antigen
PARR)81:160.178-187 of the tumor can be determined. Genetic
characterizations of canine lymphoma samples have been inves-
tigated and are showing potential for both diagnostic and prog-
nostic utility, but are not widely applied and clinical correlates
are currently preliminary.?!:22:24178.179.188,189 The availability of
molecular and genetic analyses is increasing in veterinary oncol-
ogy; however, at present, only immunophenotype and PARR
clonality assays are routinely used in dogs to inform clinical deci-
sion making.

Immunophenotyping

Immunophenotyping is used to determine the type of cells
that comprise the tumor, but this technique also can be help-
ful for making the initial diagnosis and predicting out-
come. 0 104166-17L190.191 \When a heterogeneous population of
lymphocytes is expected in a tissue, documentation of a homo-
geneous population of the same immunophenotype is supportive
of a neoplastic process. The immunophenotype of a lymphocyte
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¢ Fig. 33.8 Diagnostic algorithm for peripheral lymphadenopathy in dogs. PARR, polymerase chain reac-

tion for receptor gene rearrangement.

is identified by determining the expression of molecules specific
for B cells (e.g., CD79a, CD20) and T cells (e.g., CD3), and have
been recently reviewed.”® Although tumor cells sometimes have
morphologic characteristics that typify a particular immunophe-
notype, exceptions occur and morphologic appearance cannot be
used as the sole determinant of immunophenotype. For example,
in a series of nine high-grade T-cell lymphomas and leukemias in
dogs, the cells had a plasmacytoid appearance typically associated
with B-cell lymphoma.!?319? Similarly, anatomic location does
not always predict the immunophenotype.

For accurate determination of immunophenotype, antibodies
against lymphocyte markers are applied to tissue sections (IHC),
cytologic specimens (immunocytochemistry), or individual cells in a
fluid medium (low cytometry). Flow cytometric evaluation of cells
obtained by needle aspiration is also feasible. For T cells, markers
include CD3 (pan T), CD4 (helper T), and CD8 (cytotoxic T); for
B cells, the markers are CD79a (see Fig. 33.7B), CD20, and CD21,
although dogs with indolent TZL can express CD21.!78 Increas-
ingly, aberrant expression of CD molecules has been reported in
canine lymphoma. In a study of 59 dogs with lymphoma, tumor
cells from six dogs were positive for both T- and B-cell markers;
however, a clonality assay revealed clonality either of the T-cell or the
immunoglobulin receptor, but not both. This indicates that, in some
cases, the malignant cells may coexpress B- and T-cell markers.!'®
Antibodies against these molecules are used to determine the immu-
nophenotype; however, they also have potential utility as a therapeu-
tic modality if tumor cells could be targeted using these antibodies.
Table 33.3 presents the histologic and immunophenotypic charac-
teristics of the more common lymphoma subtypes in dogs.

Clonality Assays

Information about the clinical presentation and morpho-
logic and immunophenotypic characteristics of the lympho-
cytes, obtained by IHC or flow cytometric analysis, must be
integrated to select appropriate targets for clonality testing
and to interpret results accurately.!”> Occasionally, diagnosis
of lymphoma and differentiation of malignant versus benign
proliferation of lymphocytes are not possible based on stan-
dard histologic and cytologic criteria. In these cases, advanced
molecular analyses may be helpful to confirm a diagnosis.
Clonality is the hallmark of malignancy; that is, the malignant
cell population theoretically should be derived from expansion
of a single malignant clone characterized by a particular DNA
region unique to that tumor. For example, in a dog with T-cell
lymphoma, all the malignant cells theoretically should have
the same DNA sequence for the variable region of the T-cell
receptor gene. Likewise, in a dog with B-cell lymphoma, the
tumor cells should have identical DNA sequences in the vari-
able region of the immunoglobulin (Ig) receptor gene. Con-
versely, in reactive lymphocytosis, the cells are polyclonal for
their antigen receptors. Using this knowledge, investigators
have used PCR technology to amplify the variable regions of
the T-cell and immunoglobulin receptor genes to detect the
presence of clonal lymphocyte populations in dogs (see Fig. 8.3
of Chapter 8). These techniques are reviewed in Chapter 8
and elsewhere.!58:180:193-195 Tn physician-based medicine, such
assays of clonality are approximately 70% to 90% sensitive and
have a false-positive rate of approximately 5%, and recent stud-
ies report similar rates in dogs. False-negative and false-positive
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Histologic and Immunophenotypic Characteristics of Common Canine Non-Hodgkin’s Lymphomas in

Relative Order of Frequency

Subtype Typical Location Histologic Architecture Cellular Features Immunophenotype
Diffuse large B-cell Usually multicentric Diffuse Large cells; round nuclei; one CD1+, CD20*, CD21+, CD45*,
(DLBCL) lymphadenopathy (central) or multiple nucleoli; CD79a+, Pax5*, MHCII*,
high mitotic rate; “starry sky” CD18low
appearance
Peripheral T-cell Usually multicentric Diffuse Variable size (small to large); CD3*, CD79a-, CD21-, CD45+,

lymphoma-not
otherwise specified
(PTCL-NOS)

lymphadenopathy

irregular nuclei, variable
chromatin, prominent nucleoli;
varied mitotic activity

CD5*, CD4+~, CD8*-,
CD18Mah TCRap

Marginal zone
lymphoma (MZL)

Nodal (nMZL) or splenic
(SMZL) or extranodal

Nodular/ follicular

Mostly intermediate- sized cells-
abundant pale cytoplasm;

CD1+, CD20*, CD21+, CD45+,
CD79a*, MHCII*+, CD1 ginter-

mucosal

irregular nuclei with peripher- iz

alized chromatin and a single
central nucleolus; rare mitotic
figures (except nMZL)

T-zone lymphoma Usually multicentric
(TZL) Lymphadenopathy

Nodular, paracortical,
progressing to diffuse

Small to intermediate- sized
cells; moderate amount of
pale cytoplasm; oval to ellipti-
cal nuclei with sharp, shallow
indentations; nucleoli and
mitotic figures are sparse

CD45-, CD3+, CD5*, CD21+,
CD4+/-, CD8+~

Precursor lymphoma? Multicentric and/or

Diffuse and/or leukemia

Intermediate-sized cells; round If T-cell: CD45+, CD34+/,

leukemia nuclei; scant Cytoplasm; high CD5*~, CD3+*/-, CD4+~, CD8~
mitotic rate If B-cell: CD45+, CD18+,
CD34+/-, CD79a*, CD21+-,
CD20+-
Mantle cell lymphoma Splenic white pulp Nodular/ follicular Small to intermediate- sized CD20*, CD21+, CD45*, CD79a*,
(MCL) cells; scant cytoplasm; round MHCII*

nuclei with dense chromatin,
inconspicuous nucleoli; varied
mitotic rate

Follicular lymphoma Lymphadenopathy, solitary ~ Nodular/ follicular

or multiple

aPrecursor lymphoma includes lymphoblastic B- or T-cell lymphomas and B- or T-cell acute leukemias.

Mixed—mostly small cells with
clear cytoplasm, pale chroma-
tin, and inconspicuous nucleoli
(centrocytes) with fewer large
cells with dark blue cytoplasm,
vesicular nuclei, and 1-3
nucleoli (centroblasts)

CD20+, CD21+, CD45+, CD79at,
MHCII*

Adapted with permission from Seelig DM, Avery AC, Ehrhart EJ, Linden MA. The comparative diagnostic features of canine and human lymphoma. Vet Sci. 2016;3: Epub ahead of print. https://doi.
0rg/10.3390/vetsci3020011; and Burkhard MJ, Bienzle D. Making sense of lymphoma diagnostics in small animal patients. Vet Clin North Am Small Anim Pract. 2013;43:1331-1347.

results can occur with clonality assays. For example, cells from
a dog with lymphoma may be negative for clonality if the
clonal segment of DNA is not detected with the PCR prim-
ers used, mutation of the primer site has occurred, there are
background nonneoplastic lymphocytes (noise) within the
tumor, the malignant cells are natural killer (NK) cells (rare),
or the malignant cells are present in too low a frequency to
be detected. False positives occur rarely in some infectious
diseases (e.g., ehrlichiosis and leishmaniasis). In these cases, a
diagnosis should be made only after considering the results of
all the diagnostic tests, including histologic/cytologic evalua-
tion, immunophenotyping, and clonality studies in conjunc-
tion with signalment and physical examination findings. These

molecular techniques, although helpful for diagnosis, could
also have utility in detecting relapse and in determining more
accurate clinical stage and so-called “molecular remission rates”
because they are more sensitive than standard cytologic assess-
ment of peripheral blood, bone marrow, or LNs.

Other Immunohistochemical and
Immunocytochemical Assessments

Assessments of several markers of multidrug resistance and
apoptotic pathways (e.g., P-glycoprotein, p53, Bcl-2 proteins)
have been evaluated in dogs with lymphoma??:30:174.196.197;
however, their clinical significance and utility have not been

established.
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Proteomics and Serum Biomarkers

Proteomics comprises, simplistically, methodologies that ana-
lyze the entire protein component or protein signature of cells
(the proteome). Protein components of a cell (normal or malig-
nant) change over time with upregulation and downregulation
of gene expression in response to varied stimuli (e.g., growth
factors, environmental cues). It may therefore be possible to use
the field of proteomics to identify serum biomarkers of malig-
nancy (i.e., cancer-specific protein markers) and to further ana-
lyze response to therapy or even to predict which therapies are
appropriate for an individual patient’s tumor. Although in its
infancy in veterinary oncology, preliminary investigations of the
proteome of dogs with lymphoma have been reported!?8-201;
however, they have yet to reach the level of sophistication in
which useful output would have a significant effect on clinical
decision making.

Several analytes in serum have been explored as biomark-
ers of lymphoma in the dog and have been reviewed.??> These
include tumor and metabolic products, cytokines, cellular leak-
age enzymes, and serum proteins. Examples include thymi-
dine kinase 1, C-reactive protein, alpha-fetoprotein, alpha-1
glycoprotein levels, zinc, chromium, iron, endostatin, vascu-
lar endothelial growth factor (VEGF), lactate dehydrogenase,
haptoglobin, and antioxidants/oxidative stress markers.203-214
Although some have been grouped and commercialized (e.g.,
TK Canine Cancer Panel [VDI Labs, Simi Valley, CA, USA],
Canine Lymphoma Blood Test [cLBT; Avacta Animal Health,
Whetherby, UK]), the clinical, biologic, and prognostic signif-
icance of these assays has yet to be definitively characterized.
Intuitively, use of biomarkers to detect early relapse would have
clinical utility if meaningful therapeutic decisions and options
were identified that would result in enhancement of quantity
and quality of life. Currently, the lead-time provided over stan-
dard clinical diagnosis of relapse is relatively short, limiting their
routine utility; definitive studies to support their application in
larger and more varied general populations of dogs with lym-
phoma are currently lacking.

Clinical Staging

After a diagnosis has been established, the extent of disease should
be determined and categorized by clinical staging. The WHO
staging system routinely used to stage dogs with lymphoma is pre-
sented in Box 33.2. Most dogs (>80%) are presented in advanced
stages (III-1V). Diagnostic imaging and assessment of bone mar-
row involvement may be indicated for staging. The degree to
which thorough staging is implemented depends on whether the
result will alter the treatment plan, whether relevant prognostic
information is gleaned, and whether the clients need to know the
stage before initiating (or declining) a treatment plan. In addition,
when comparing different treatment protocols with respect to effi-
cacy, consistent and similar staging diagnostics should be used to
avoid so-called “stage migration,” which results when one staging
methodology is more accurate than another.?!> The effect of stage
migration on prognosis should be considered when comparing
different published outcomes.

Bone Marrow Evaluation

A bone marrow aspirate or core biopsy (from the proximal
humerus or iliac crest) is recommended for complete staging
and prognostication and may be indicated in dogs with anemia,

CHAPTER 33 HematopoieticTumors | 7404

e Fig. 33.9 Lateral radiographic projection of a dog with sternal and hylar
lymphadenopathy due to lymphoma.

lymphocytosis, circulating atypical lymphocytes, or other periph-
eral cytopenias. In one study of 53 dogs with lymphoma, 28%
had circulating malignant cells and were considered leukemic,
whereas bone marrow examination indicated involvement in
57% of the dogs.?!® The presence of a few prolymphocytes and
large lymphocytes with nucleoli in the circulation of dogs with
lymphoma may indicate bone marrow involvement. It is impor-
tant to remember these cells also can be seen with immune-
mediated and inflammatory/infectious diseases. As discussed
previously, tumor cells within the peripheral and bone mar-
row compartments can also be identified using clonality assays
(PARR) that are more sensitive than routine microscopic exami-
nation in detecting malignant cells; however, the prognostic sig-
nificance of the knowledge gained with more sensitive staging
methodologies has yet to be determined.?!*->!8 Although bone
marrow evaluation may offer prognostically valuable informa-
tion, it is not necessary to perform the procedure if the client is
committed to treat regardless of stage.

Imaging

Evaluation of thoracic and abdominal radiographs may be
important in determining the extent of internal involvement
(Fig. 33.9).121:219 Approximately 60% to 75% of dogs with multi-
centric lymphoma have abnormalities on thoracic radiographs, with
one-third having evidence of pulmonary infiltrates (see Fig. 33.4)
and two-thirds having thoracic lymphadenopathy (sternal and
tracheobronchial LN [see Fig. 33.9]) and widening of the cranial
mediastinum (see Fig. 33.2).!21122 Pulmonary infiltrates usually are
represented by an interstitial and/or alveolar pattern; however, nod-
ules (rarely) and bronchial infiltrates can also occur.??” Pleural effu-
sion may also be present. Cranial mediastinal lymphadenopathy is
detected in 20% of dogs with lymphoma.'?>?2Y Abdominal radio-
graphs reveal evidence of involvement of medial iliac (sublumbar)
and/or mesenteric LN, spleen, or liver in approximately 50% of
cases. In the authors’ practice, for the typical cases of canine mul-
ticentric lymphoma, imaging is limited to thoracic radiographs as
there is no prognostic difference between dogs with stage IIT and
IV disease (i.e., liver/spleen involvement); however, cranial medi-
astinal lymphadenopathy is of prognostic significance. If there are
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* Fig. 33.10 (A) FLT-PET/CT image of a 3-year-old MN Hound cross illustrating FLT uptake in the periph-
eral nodes, bone marrow, kidneys bladder and spleen. (B) FLT-PET/CT image of the same dog 3 weeks
after his final dose of chemotherapy. The lymph nodes were small on CT with minimal FLT uptake on PET
images. Note the persistent uptake in the bone marrow, kidneys, and bladder. (Reprinted with permission
from Lawrence J, Vanderhoek M, Barbee D, et al Use of 3-deoxy-3-['8F]flucrothymidine PET/CT for evalu-
ating response to cytotoxic chemotherapy in dogs with non-Hodgkin’s lymphoma. Vet Radiol Ultrasound.

2009;50:660-668.)

clinical signs attributable to abdominal disease, if complete stag-
ing is necessary (e.g., for clinical trial inclusion), or if peripheral
lymphadenopathy is not part of the presentation, further imaging
of the abdomen is warranted. Abdominal ultrasonography can be
important for obtaining ultrasound-guided intraabdominal samples
for diagnosis if more peripheral lesions are not evident (e.g., GI,
abdominal nodal, and hepatosplenic lymphoma) or if complete
clinical staging is required.!>? Ultrasonographic (including Doppler
ultrasound) assessment of peripheral LN has also been explored!;
however, its clinical applicability is questionable because cytologic
assessment of peripheral nodes is easy, inexpensive, and of higher
diagnostic utility.

Advanced imaging modalities, including computed tomogra-
phy (CT), magnetic resonance imaging (MRI), positron emission
tomography (PET), or PET/CT and PET/MR imaging, are becom-
ing more commonplace in veterinary practice and their utility is
only now being determined.??!-??¢ PET/CT imaging is the current
standard of care for following and predicting durability of treatment
response in human patients with lymphoma, and both ['8F]fluo-
rothymidine (‘8FLT) PET/CT and ['®F]fluoro-p-glucose ("8 FDQG)
PET imaging have been reported in dogs with lymphoma.?24-226
BELT-PET/CT functional and anatomic imaging shows promise
for the evaluation of response to cytotoxic chemotherapy in dogs
with lymphoma and for predicting relapse before standard clinical
and clinicopathologic confirmation (Fig. 33.10).

Treatment of Multicentric Lymphoma

The therapeutic approach to a particular patient with lymphoma
is determined by the subtype, stage, and substage of disease,
the presence or absence of paraneoplastic disease, the overall

physiologic status of the patient, financial and time commitment
of the clients, and their level of comfort with respect to likelihood
of treatment-related success and/or side effects. Without treat-
ment, most dogs with intermediate- or high-grade lymphoma will
die of their disease within 4 to 6 weeks of diagnosis, although
significant variability exists.'4” With few exceptions, canine lym-
phoma is considered a systemic disease and therefore requires
systemic therapy to achieve remission and prolong survival. The
majority of canine multicentric lymphomas are intermediate- to
high-grade, and, currently, histologic and immunophenotypic
characterization does not play a significant role in determining the
initial treatment protocol unless a diagnosis of indolent or low-
grade lymphoma is confirmed. It is hoped that in the near future,
as more clinically correlative information on the significance of
the various subclassifications of lymphoma in dogs is acquired,
more tailored therapeutic approaches may become available.

Systemic multiagent chemotherapy continues to be the therapy
of choice for canine intermediate- and high-grade lymphoma. In
general, combination chemotherapy protocols are superior in efli-
cacy to single-agent protocols. In rare cases in which lymphoma
is limited to one site (especially an extranodal site), the animal
can be treated with a local modality such as surgery or radiation
therapy (RT) as long as the client and clinician are committed to
diligent reevaluation (active surveillance) to document subsequent
progression to systemic involvement, should it occur.

Multidrug Combination Protocols

Many chemotherapeutic protocols for dogs with lymphoma have
been developed over the past 30 years (Table 33.4).110:227-251 Sjg-
nificant limitations arise when comparing efficacy studies in the
veterinary literature for the various published protocols. Few of
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Summary of First Remission Outcomes of Combination or Single-Agent Doxorubicin Lymphoma
Chemotherapy Protocols®

Median Remission

PRIVATE Protocol  No. of Dogs Remission Rate (%) Duration (Months) % 1-Year Survival References

CoP 77 75 6.0 19 248

A 37 59 44 NR 250

AP 121 85 4.3 NR 246

A 42 74 49 NR 239

A + piroxicam 88 79 4.3 NR 239

VMC-L 59 90 44 25 236

VMC-L 147 77 4.7 25 237

VCA-L 112 73 7.9 50 116

L-COPA 41 76 11.0¢ 48 251

L-COPA(ll) 68 75 9.0° 27 (13 at2yr) 240

COPLA/LVP 75 92 (80°) 5.8 17 415

VELCAP-SC 94 70 5.6 44 238

VLCAP-Long 98 69 12.5° NR 247

L-VCAMP (UW- 55 84 8.4 50 (24 at 2 yr) 235
Madison CHOP)

L-VCAMP 96 79 (CR) 9 NR 234
(continuous 86 90 6.8¢ 35¢ 243
maintenance
CHOP)

L-VCAMP (+/— 130 94.6 7.34 NR 245
intensification
CHOP)

L-VCAP (25-week 51 94 9.1 NR 232
CHOP)

L-VCAP-Mx 65 94 10 NR 231

L-VCAP 71 88 9.7¢ 32 (13 at2yr) 241

L-VCAP (12-week 77 89 8.1¢ 28¢ 244
CHOP)

VCAP (15-week 31 100 (84 CR) 4,74 NR 227
CHOP) 134 98 (78 CR) 5.9¢ NR 228

L-VCAP/CCNU/ 66 94 10.6° 46 (35 at 2 yr) 241
MOPrP

COArP 71 92 3 NR 233

L-VCADP 39 100 11d NR 242

L-VCEP 97 100 (96 CR) 7.2 NR 229

RA 54 98 (68 CR) 6.5¢ NR 230

aMinimum of 30 cases required for inclusion. Few of these protocols include sufficient numbers for adequate statistical power and fewer compare treatment protocols in a randomized prospective fashion.
In addition, staging, inclusion, and response criteria vary considerably between protocols presented. Therefore evaluations of efficacy between the various protocols are subject to bias, making direct
comparisons difficult and indeed precarious.

bwith COP rescue.

¢Only durations of cases achieving CR reported.

Time to progression.

eQuestionable (only one-third reportedly finished).

A, Adriamycin (doxorubicin); Ar, cytosine arabinoside; C, cyclophosphamide; CR, complete response; D, dactinomycin; £, epirubicin; L, L-asparaginase; M, methotrexate; Mx, mitoxantrone; NR, not reported;
0, Oncovin (vincristine); P, prednisone; Pr, procarbazine; R, rabacfosadine; V, vincristine.
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e Fig. 33.11 (A) Kaplan—-Meier survival duration estimates for a group of 55 dogs with lymphoma treated
with an identical CHOP-based combination chemotherapy protocol. Dogs with CD3 immunoreactive
(T-cell) ymphoma had significantly shorter survival durations. (B) Kaplan—-Meier survival duration estimates
for a group of 55 dogs with lymphoma treated with an identical CHOP based combination chemotherapy
protocol at the University of Wisconsin. Dogs with substage b disease (i.e., clinically ill) had significantly
shorter survival durations. (From Vail DM. Hematopoietic tumors. In Ettinger SJ, Feldman EC, eds. Text-
book of Veterinary Internal Medicine. 6th ed. St. Louis: Elsevier; 2005.)

these studies include sufficient numbers of dogs for adequate sta-
tistical power and even fewer compare treatment protocols in a
randomized prospective fashion. In addition, staging, inclusion,
and response criteria vary considerably among reports. Therefore
evaluations of efficacy among various protocols are subject to
substantial bias, making direct comparisons difficult and indeed
precarious. A recurring theme in the concluding statement in
most of these published protocols is some variation of “prospec-
tive randomized trials will be required to confirm these suggestive
findings.” Despite the plethora of available combination proto-
cols, most are modifications of CHOP protocols initially designed
for human oncologic use, and currently randomized prospective
evidence does not exist in dogs to clearly recommend one over
the other as long as the basic CHOP components are present.
CHOP represents combinations of cyclophosphamide (C), doxo-
rubicin (H, hydroxydaunorubicin), vincristine (O, Oncovin), and
prednisone (P). In the 1980s and early 1990s, physicians treat-
ing human patients with advanced, intermediate- or high-grade
lymphoma faced a similar dilemma in that many different varia-
tions of CHOP existed and no randomized data were available to
determine which protocols were superior. Eventually, a national
randomized trial involving more than 1000 people with interme-
diate/high grade NHL was conducted comparing the plethora of
protocols available, and the results indicated that CHOP was as
effective as any of the more complicated protocols and had the
safest adverse event profile.”>> CHOP subsequently became (and
remains, with the addition of monoclonal antibody therapy) the
standard of care for people with intermediate-/high-grade NHL.
Conventional CHOP-based chemotherapy induces remission
in approximately 80% to 95% of dogs, with overall MSTs of 10
to 12 months. Approximately 20% to 25% of treated dogs will
be alive 2 years after initiation of these protocols (Fig. 33.11).
Response rates and durations of response vary according to the
presence or absence of prognostic factors discussed in the text
that follows. The relative cost of the various protocols to the cli-
ent depends on the drug(s) selected, the size of the animal, the

frequency of administration, and the laboratory tests required to
monitor adverse events and response.

In an attempt to better standardize response criteria and
outcome reporting of future trials, the Veterinary Cooperative
Oncology Group (VCOG) published response evaluation crite-
ria (v1.0)?5 that can be applied in the routine practice setting.
The greatest obstacle to performance of prospective randomized
comparative lymphoma trials in veterinary oncology is financial;
that is, clinical trials are inherently costly, and because most of the
known effective drugs are unregistered off-label human generic
(i.e., off-patent) drugs, the incentive for pharmaceutical-funded,
sufficiently powered, randomized field trials is low, resulting in a
general lack of comparative data.

Dogs responding to chemotherapy and undergoing complete
“clinical” remission are usually free of clinical signs associated with
lymphoma and subsequently return to a very good quality of life,
making the treatment of dogs with lymphoma initially gratifying.
Most dogs tolerate chemotherapy well, and although dose reduc-
tions and treatment breaks (“treatment holidays”) are sometimes
required in individual cases, only a minority of dogs develop sig-
nificant adverse events requiring hospitalization.”>#?>> Studies
assessing client perceptions of medical treatment for cancer in
general and lymphoma in particular report a positive experience;
most owners feel treatment was worthwhile, that it resulted in
improvement in the well-being of their pet, and that quality of life
during treatment was good.””*>>” Very few clients express regret
about treating lymphoma using a multidrug protocol.

Importantly, it must be realized that cures are rare, and though
complete clinical remissions are the norm, complete molecular
remissions (iICR), which can be documented only with molecular
techniques, are rarely achieved in dogs; thus the utility of docu-
menting iCR, in the absence of meaningful therapeutic options, is
limited to investigative trials striving to achieve them.

With lymphoma, the fundamental goals of chemotherapy are
to induce a complete durable (>6 months) first remission (termed
induction), to reinduce a remission when the tumor recrudesces



(the patient relapses) after achievement of a remission (termed
reinduction), and, finally, to induce remissions when the cancer
fails to respond to induction or reinduction using drugs not pres-
ent in the initial protocols (termed rescue).

An unanswered question in the treatment of lymphoma has
been whether long-term maintenance chemotherapy is useful after
an initial course of aggressive induction chemotherapy lasting 6
months or less. Long-term maintenance chemotherapy has not
been shown to be of significant value in humans with most aggres-
sive forms of NHL; however, in humans, the initial induction
course of chemotherapy is much more aggressive than that used in
veterinary patients. Although no randomized prospective studies
have been performed to address the therapeutic benefit of long-
term maintenance chemotherapy in dogs, most comparisons of
dogs treated with CHOP-based protocols do not show any clear
advantage for a maintenance or consolidation phase after induc-
tion therapy,229.231,232.234.240.042-245.247.258-262 Tndeed, in most
reports, dogs receiving shorter, less costly protocols that do not
include a prolonged maintenance phase have comparable remis-
sion and progression-free survival (PFS) durations and appear to
more readily achieve second remissions when they relapse after
completion of chemotherapy than their counterparts receiving
long-term maintenance. These data, taken together, suggest that
maintenance therapy is not beneficial for most dogs with lym-
phoma. Until well-designed randomized prospective trials indi-
cate otherwise, the author (DMYV) prefers protocols that utilize an
aggressive induction without maintenance.

Single-Agent Chemotherapy with Known Activity
for Dogs with Lymphoma

The most effective currently available chemotherapeutic agents for
canine lymphoma include doxorubicin (DOX), r-asparaginase,
vincristine, cyclophosphamide, and prednisone, most of which
are represented to one degree or another in most first-line multia-
gent chemotherapy protocols. Other drugs that have documented
activity are often considered second-line agents and include rabac-
fosadine (Tanovea-CAl), lomustine, vinblastine, actinomycin-D,
mitoxantrone, mustargen, chlorambucil, methotrexate, dacarba-
zine (DTIC), 9-aminocamptothecin, ifosfamide, cytosine ara-
binoside, procarbazine, bleomycin, and gemcitabine. Of these,
cytosine arabinoside,’® ifosfamide,”** bleomycin,’*> and gem-
citabine’*® appear to have minimal activity. With the exception
of DOX, single-agent induction therapy does not typically result
in durable remission durations compared with standard combina-
tion protocols. Incorporation of other standard cytotoxic drugs
with single-agent activity into standard CHOP-based protocols
has not resulted in significant gains or has not been adequately
evaluated, and most are reserved for subsequent rescue settings.

The use of rabacfosadine (Tanovea-CA1) warrants a brief dis-
cussion as it is the only chemotherapy agent currently approved,
albeit conditionally, by the US Food and Drug Administration
(FDA) for the treatment of dogs with lymphoma (see Chapter 12
for a specific discussion of rabacfosadine). Rabacfosadine has been
evaluated in hundreds of dogs with lymphoma and activity has
been documented as a single-agent for treatment of cutaneous
lymphoma, multiple myeloma, and naive and relapsed multicen-
tric lymphoma, as well as in combination with DOX for lym-
phoma.?26:230:267-270 Cyrrently, rabacfosadine is most commonly
used as a rescue agent at relapse or as a first-line treatment in com-
bination with DOX owing to a less intense treatment protocol
while maintaining similar remission durations compared with
CHOP in a nonrandomized fashion.?3°
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* BOX 33.3 Current Canine Lymphoma Protocol
(UW-Madison-19)

Week 1: Vincristine, 0.7 mg/m? IV

Prednisone, 2 mg/kg, PO, daily

Week 2: Cyclophosphamide, 250 mg/m? IV or PO

Prednisone, 1.5 mg/kg, PO, daily

Week 3: Vincristine, 0.7 mg/m2 IV

Prednisone, 1.0 mg/kg, PO, daily

Week 4: Doxorubicin,” 30 mg/m? IV

Prednisone, 0.5 mg/kg, PO, daily

Week 6: Vincristine, 0.7 mg/m? IV

Week 7: Cyclophosphamide, 250 mg/m? IV or PO

Week 8: Vincristine, 0.7 mg/m2 IV

Week 9: Doxorubicin,® 30 mg/m?2 IV

Week 11: Vincristine, 0.7 mg/m2 IV

Week 12: Cyclophosphamide,? 250 mg/m2 IV or PO

Week 13: Vincristine, 0.7 mg/m?2 IV

Week 14: Doxorubicin,” 30 mg/m?2 IV

Week 16: Vincristine, 0.7 mg/m2 IV

Week 17: Cyclophosphamide,? 250 mg/m? IV or PO

Week 18: Vincristine, 0.7 mg/m? IV

Week 19: Doxorubicin,” 30 mg/m?2 IV

1. All treatments are discontinued after week 19 if in complete remission.

2. A complete blood count (CBC) should be performed before each
chemotherapy. If neutrophil count is <1500 wait 5 to 7 days and
repeat CBC.

3. If sterile hemorrhagic cystitis occurs on cyclophosphamide, discontinue
and substitute chlorambucil (1.4 mg/kg PO) for subsequently scheduled
cyclophosphamide treatments.

4. For acute lymphocytic leukemia (ALL)—administer L-asparaginase 400
IU/kg SQ with each vincristine injection, until a complete response is
achieved.

aFurosemide (1-2 mg/kg) is given IV or PO, concurrent with cyclophosphamide to lessen the
incidence of sterile hemorrhagic cystitis.
bIn dogs less than 15 kg in body weight, a doxorubicin dose of 1 mg/kg is substituted for 30 mg/m?

Overall Chemotherapy Recommendations

for Multicentric Lymphoma (Author [DMV] Preference)
Several factors should be considered and discussed with caregiv-
ers on a case-by-case basis when choosing the treatment protocol.
These factors include cost, time commitment involved, efficacy,
adverse event profiles, and experience of the clinician with the
protocols under consideration.

Induction in Treatment-Naive Patients
It is now clearly established that “standard-of-care” combination
protocols used in dogs with intermediate- and high-grade lym-
phoma are essentially variations of CHOP protocols (see Table
33.4). Specific details regarding dose and timing of the CHOP
protocol currently preferred by the author (DMV) are outlined in
Box 33.3. This protocol does not have a maintenance component
and all treatments cease at 19 weeks, provided the animal is in
complete clinical remission. Although several other CHOP-based
protocols include L-asparaginase either at initiation or at varying
times throughout the protocol, several studies suggest this does
not result in clinically relevant increases in remission rate, speed of
attaining remission, or first-remission duration, and therefore the
author reserves its use for rescue situations.?40-200-271,272

If client or other considerations preclude a CHOP-based pro-
tocol, single-agent DOX (30 mg/m?, intravenous [IV], every 3
weeks for five total treatments) is offered along with a 4-week




VA RRNEVNSIINAVAR Specific Malignancies in the Small Animal Patient

tapering oral prednisone regimen (same prednisone regimen in
Box 33.3) as a less aggressive, less time-consuming, and less costly
approach. The expected CR rate for the single-agent DOX proto-
col will range from 50% to 75%, with an anticipated MST of 6
to 8 months.?46:250:273.274 The addition of oral cyclophosphamide
(50 mg/m? daily for 3 days starting on the same day as DOX)
to single-agent DOX resulted in a numerically, but not statisti-
cally, improved outcome in a randomized trial comparing DOX/
prednisone with DOX/cyclophosphamide/prednisone (PES of 5.6
months vs 8.2 months, respectively).”’* This trial was powered
only to detect a three-fold difference in PES; therefore larger trials
should be undertaken to confirm any benefit. Alternatively, a less
time-intense protocol with treatments every 3 weeks involves the
previously mentioned rabacfosadine/DOX protocol.?*°

If clients are reticent to include IV medications, the author
often recommends a protocol of either oral lomustine (CCNU;
70 mg/m? by mouth [PO] every 3 weeks for five treatments) and
prednisone or oral cyclophosphamide (250 mg/m? [PO] every
2-3 weeks) with prednisone. The CCNU protocol has been asso-
ciated with short median remissions (40 days) in one small case
series’’%; however, in the author’s experience, a subset of dogs have
remained in remission for several months on this protocol when
clients decline IV medication.

If financial or other client concerns preclude the use of systemic
chemotherapy, prednisone alone (2 mg/kg PO, daily) will often
result in short-lived remissions of approximately 1 to 2 months;
however, an occasional durable remission will result. In these
cases, it is important to educate clients that, should they decide to
pursue more aggressive therapy at a later date, dogs receiving sin-
gle-agent prednisone therapy are more likely to develop multidrug
resistance (MDR) and experience shorter remission and survival
durations with subsequent combination protocols.?>%270-278 This
is especially true after long-term prednisone use or in dogs that
have experienced a relapse while receiving prednisone. Therefore
the earlier that clients opt for more aggressive therapy, the more
likely a durable response will result.

A CBC should be performed before each chemotherapy treat-
ment. Dogs should have a minimum of 1500 neutrophils/pL
(some oncologists use a cut-off of 2000 neutrophils/ul) and
50,000 platelets/pL before the administration of myelosuppressive
chemotherapy.?”? If the neutrophil count is lower than 1500/puL,
it is recommended to wait 5 to 7 days and repeat the CBG; if the
neutrophil count has increased to more than 1500 cells/pL, the
drug can be safely administered. A caveat to these restrictions is
that for dogs presenting before initiation of chemotherapy with
low neutrophil and platelet counts due to bone marrow effacement
(myelophthisis), myelosuppressive chemotherapy is instituted in
the face of cytopenias to clear the bone marrow of neoplastic cells
and allow hematopoiesis to normalize.

In those breeds likely to have homozygous MDRI gene muta-
tions (e.g., collies; see Chapter 12), and therefore to be at risk for
serious chemotherapy toxicity,”®" the author [DMV] will initiate
a CHOP protocol out of sequence, beginning with non-MDRI1-
substrate drugs, such as cyclophosphamide. This ensures treat-
ment of the lymphoma while allowing sufficient time for analysis
of MDRI gene mutations before initiating MDRI substrate drugs.
No specific protocols have been scrutinized for treating dogs that
are double-mutant for MDRI; however, if using MDRI-substrate
drugs, the author initiates treatment using a 40% to 50% dose
reduction. Subsequent dose modifications (increased or decreased
dosage) can be implemented, depending on the level of adverse
events observed, particularly low neutrophil counts at nadir. The

author does not dose-modify for heterozygous MDRI gene muta-
tions as little documented clinically significant chemosensitivity
exists in these animals.

The Case for Treating T-Cell Lymphoma Differently

With some exceptions (e.g., TZL), multicentric T-cell lymphoma,
compared with multicentric B-cell lymphoma, is associated with
similar initial response rates, but significantly lower response
durations (e.g., PFS) after chemotherapy (including CHOP-
based protocols).68112113.116.123,226,242,244.077.281285 Ty addition,
the effectiveness of a single treatment of DOX in the treatment
of naive lymphoma in one retrospective case series suggested a
lower initial response rate for T-cell, compared with B-cell, immu-
nophenotypes; however, this study performed only a single day
7 evaluation.”! Many question whether dogs diagnosed with
T-cell lymphoma should be treated with standard CHOP-based
protocols or with alternative protocols. This is a valid question;
however, the answer remains elusive because adequately powered
randomized controlled trials do not currently exist to demonstrate
if an alternate protocol is better for this immunophenotype. Sev-
eral alternative protocols (MOPE, LOPE, VELCAP-TSC) have
been reported and reviewed for induction therapy in dogs with
multicentric T-cell lymphoma.!10:284-286 These alternative pro-
tocols tend to add or substitute alkylating agents (e.g., nitrogen
mustard, lomustine, procarbazine) for DOX. Although reports
have suggested improvements in remission durations in dogs with
cither confirmed T-cell lymphoma or lymphoma with hypercal-
cemia and no immunophenotypic classification, the confidence
intervals of the medians all overlap with data from CHOP-based
protocols, and differences in determining PFS, response evalua-
tion, and study population (in particular, some do not adequately
distinguish indolent multicentric lymphoma) in these reports
preclude confident comparisons. As yet, no controlled, random-
ized trials have documented improvement with this approach.
Ultimately, the development of better protocols for treating T-cell
lymphoma awaits careful, randomized, prospective trial assess-
ment. Until such time, the author prefers to initiate CHOP-based
induction and switch to lomustine-based rescue at the first sign of
progression or to enter dogs into clinical trials with novel agents.
Although species differences may exist, in people with aggressive
T-cell NHL, alternative protocols rich in alkylating agents have
not shown superiority over CHODP-based protocols, and the
National Comprehensive Cancer Network recommend human
patient participation in clinical trials as the “gold standard” for
aggressive nonindolent T-cell lymphomas.

Evaluation of Treatment Response

VCOG has published criteria for evaluation of treatment response
(v1.0) to standardize reporting of outcome results and compari-
sons among protocols for peripheral nodal disease using criteria
readily available in the practice setting.>>® The most important of
these outcome measures and the preferred temporal outcome cri-
terion for assessing protocol activity is now considered to be PFS,
which is defined as being the time from treatment initiation to
tumor progression or death from any cause. This brings veterinary
outcome reporting more in line with human standards. Because
the majority of dogs with lymphoma eventually experience relapse
after chemotherapy-induced remissions and because methodol-
ogy for differentiating complete and partial responses is analysis
dependent on how responses are determined, PFS removes many
sources of bias. Further, overall survival in published reports
invariably includes patients who go on to receive varied rescue



protocols that bias the overall result, making it a less comparable
outcome. Widespread application of these standardized criteria
should permit more suitable comparisons in the future. True iCR
rarely occur in dogs with lymphoma; documenting iCRs is lim-
ited to investigative trials striving to achieve them because we lack
meaningful therapeutic options.

Improved methods of detecting minimal residual disease (MRD)
or early recurrence have been investigated in dogs with lymphoma
and include advanced imaging and detection of molecular and bio-
logic markers of MRD. Advanced functional and anatomic imag-
ing techniques (i.e., PET/CT) are the current standard for assessing
treatment response and early relapse of lymphoma in humans and
have also been investigated in dogs (see Fig. 33.10).221:223-226 Ag
these techniques become available to a broader veterinary popu-
lation, their clinical application will surely increase. Molecular
detection of MRD applies clonality and PCR techniques. Beyond
diagnostic applications, these techniques have been applied to deter-
mine cytoreductive efficacy of various chemotherapeutic drugs and
to document and predict early relapse in patients before more con-
ventional methods.!23217:240.287-293 Regarding biomarkers of MRD,
preliminary investigations have suggested serum lactate dehydroge-
nase activity, thymidine kinase 1 activity, haptoglobin, and serum
C-reactive protein may be candidates in the dog.?0%-200:2%4

As we become more proficient at defining MRD, the pressing
clinical question becomes how we use this information. Theoreti-
cally, such information could suggest when more aggressive ther-
apy or alternative therapy should be instituted in patients who
have not achieved a “molecular remission” or who are undergoing
carly relapse; however, until we determine what these interven-
tions should be based on prospective trial assessment, the clinical
utility of MRD analytics remain theoretical.

Reinduction and Rescue Chemotherapy

Eventually, the vast majority of dogs that achieve a remission will
relapse or experience recrudescence of lymphoma. This usually
represents the emergence of tumor clones or tumor stem cells
(see Chapter 2) that are inherently more resistant to chemo-
therapy than the original tumor, the so-called MDR clones that
cither were initially drug resistant or became so after exposure to
selected chemotherapy agents.>”> Evidence suggests that in dogs
with relapsed lymphoma, tumor cells are more likely to express
genes (e.g., MDRI) that encode ABC-transporter protein trans-
membrane drug pumps often associated with MDR.!96:197:296-299
MDRI represents only one of the plethora of mechanisms that
lead to drug-resistant disease (see Chapter 12). Other causes of
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relapse after chemotherapy include inadequate dosing and/or fre-
quency of administration of chemotherapy, failure to achieve high
concentrations of chemotherapeutic drugs in certain sites such as
the CNS, and initial treatment with prednisone alone.

At the first recurrence of lymphoma, it is recommended that
reinduction be attempted first by reintroducing the induction pro-
tocol that was initially successful, provided the recurrence occurred
temporally far enough from the conclusion of the initial protocol
(e.g., 22 months) to make reinduction likely. The cumulative dose
of DOX that will result from reinduction, baseline cardiac assess-
ment, the use of cardioprotectants, alternative drug choices, and
client education should all be considered. In general, the dura-
tion of reinduction remission will be half that encountered in the
initial therapy; however, a subset of animals will enjoy long-term
reinductions, especially if the dog completed the initial induction
treatment protocol and was currently not receiving chemotherapy
for several months when relapse occurred. Reinduction rates of
nearly 80% to 90% can be expected in dogs that have completed
CHOP-based protocols and then relapse while not receiving ther-
apy.2?>3% The duration of a second CHOP-based remission in
one report was predicted by the duration of the interval between
protocols and the duration of the first remission.!233%

If reinduction fails or the dog does not respond to the initial
induction, the use of so-called “rescue” agents or “rescue” protocols
may be attempted. These are single drugs or drug combinations
that are typically not found in standard CHOP protocols and are
withheld for use in the drug-resistant setting. The most common
rescue protocols used in dogs include single-agent use or a combi-
nation of rabacfosadine, actinomycin D, mitoxantrone, DOX (if
DOX was not part of the original induction protocol), dacarba-
zine (DTIC), temozolomide, lomustine (CCNU), L-asparaginase,
mechlorethamine, vincristine, vinblastine, procarbazine, predni-
sone, and etoposide. Some rescue protocols are relatively simple
and convenient single-agent treatments, whereas others are more
complicated (and expensive) multiagent protocols, such as MOPP,
Opverall rescue response rates of 40% to 90% are reported; however,
responses are usually not durable with median response durations
of 1.5 to 2.5 months being typical regardless of the complexity of
the protocol. A small (<20%) subset of animals will enjoy longer
rescue durations. Table 33.5 provides a summary of canine res-
cue protocols and published resules.?”%:31-320 Current published
data from rescue protocols do not include sufficient numbers for
adequate statistical power, nor do they compare protocols in a
controlled, randomized prospective fashion. Therefore compara-
tive evaluations of efficacy among various protocols are subject
to substantial bias, making direct comparisons difficult. Choice

Median
Number of Overall Response  Complete Response Median Duration of
PRIVATE Protocol ~ Animals (%) Response (%) Duration® Complete Response  References
Actinomycin-D 25 0 0 0 days 0 days 316
Actinomycin-D 49b 4 4 129 days 129 days 310
Dacarbazine 40 35 3 43 days 144 days 8IS
Dacarbazine or 63 71 55 45 days NR 311

temozolomide-
anthracycline

Continued
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IR 5 A8 Summary of Response for Rescue Protocols>—cont'd

Median
Number of Overall Response  Complete Response Median Duration of
PRIVATE Protocol ~ Animals (%) Response (%) Duration® Complete Response  References
DMAC (dexametha- 54 72 44 61 days 112 days 309
sone, melphalan, 86 43 16 24 days NR 306
actinomycin-D,
cytosine arabi-
noside)
Lomustine (CCNU) 43 27 7 86 days 110 days 314
Lomustine, 48 77 65 70 days 90 days 319
L-asparaginase,
prednisone
Lomustine, 31 87 52 63 days 111 days 320
L-asparaginase,
prednisone
Lomustine, DTIC 57 35 23 62 days 83 days 312
Mitoxantrone 44 41 30 NR 127 days 315
MOPP (mech- 117 65 31 61 days 63 days 318
lorethamine,
vincristine,
procarbazine,
prednisone)
MPP (mechlor- 4 34 17 56 days 238 days 317
ethamine,
procarbazine,
prednisone)
MOMP (mech- 88 51 12 56 days 81 days 301
lorethamine,
vincristine,
melphalan,
prednisone)
LOPP (lomustine, 33 61 36 84 days NR 302
vincristine,
procarbazine,
prednisone)
Vinblastine (second 39 25.6 7.7 30 days NR 304
rescue)
Rabacfosadine (B 50 74 45 108 days 203 days 270
cell only)
LPP (lomustine, 4 61 29 34 days 84 days 307
procarbazine,
prednisone)
Temozolomide 26 32 13 15 days NR 308

aMinimum of 25 cases. Few of these protocols include sufficient numbers for adequate statistical power and fewer compare treatment protocols in a randomized prospective fashion. In addition, staging,
inclusion, and response criteria vary considerably between protocols presented. Therefore evaluations of efficacy between the various protocols are subject to bias making direct comparisons difficult and

indeed precarious.

PPrednisone often used concurrently.

%Various temporal response end-points were used including disease-free interval, time to progression, progression-free survival, time to discontinuation, and remission duration.
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Cycle 1
Week 1 Baseline ALT Units/L
L-Asparaginase, 400 Units/kg SC
CCNUP 70 mg/m? PO
Prednisone, 2 mg/kg PO, once daily
Week 2 Prednisone, 1.5 mg/kg PO, once daily
Week 3 Prednisone, 1.0 mg/kg PO, once daily
Cycle 2
Week 1 Optional ALT Units/L
L-Asparaginase, 400 U/kg SC
CCNU 70 mg/m? PO
Prednisone, 1.0 mg/kg PO, EOD
Week 2 Prednisone, 1.0 mg/kg PO, EOD
Week 3 Prednisone, 1.0 mg/kg PO, EOD
Cycle 3-5
Week 1 Mandatory ALT Units/L
CCNU 70 mg/m?2 PO
Prednisone, 1.0 mg/kg PO, EOD
Week 2 Prednisone, 1.0 mg/kg PO, EOD
Week 3 Prednisone, 1.0 mg/kg PO, EOD

aTreatment discontinuation criteria: (1) After completion of protocol, two treatments beyond
complete response (CR); (2) progressive disease; (3) increase in ALT activity >2x upper limit
of normal (or 2x baseline if higher than baseline at initiation)—institute drug discontinuation
and reinstitution/dose reduction dependent on normalization of ALT.

bProphylactic liver protectants recommended (e.g., Denamarin).
ALT, Alanine aminotransferase.

of a particular rescue protocol should depend on several factors,
including cost, time commitment required, efficacy, adverse event
profile, and experience of the clinician with the protocols in ques-
tion. As the complexity of rescue protocols does not yet appear to
be associated with significant gains in rescue durability, the author
(DMV) tends to choose simpler and less costly protocols (e.g.,
CCNU/L-asparaginase/prednisone) (Table 33.6); however, the use
of multiple varied rescue protocols, switching as needed based on
response, continues as long as clients are comfortable with their
dog’s quality of life. This sequential application of several different
rescue protocols can result in several months of extended survival
with acceptable quality of life.

Strategies to Enhance Effectiveness of Therapy
in Lymphoma

Despite the plethora of published chemotherapeutic protocols
for dogs with lymphoma, it appears we have achieved as much as
we can from currently available cytotoxic chemotherapeutics in
standard settings. The 12-month median survival “wall” and the
20% to 25% 2-year survival rates have not improved dramatically.
Further advances in remission and survival durations await the
development of new methods of delivering or targeting traditional
chemotherapeutic drugs, new generations of chemotherapeutic
drugs, or novel nonchemotherapeutic treatment modalities; in
particular, the development of targeted immunotherapies, which
is the standard of care in physician-based oncology. Mechanisms
of avoiding or abrogating MDR, enhancing tumor apoptosis
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(programmed cell death), tumor ablation, and immune-system
reconstitution, as well as novel immunomodulatory therapies for
lymphoma, are all active areas of investigation in both human and
veterinary medicine.

Treatment Approaches Using Immunologic or
Biologic Agents

Monoclonal Antibody Approaches

Enhanced durability of first remissions in humans with B-cell
NHL has been achieved primarily through the institution of
monoclonal antibody (mAb)-based therapies (so-called R-CHOP
protocols that are the current “standard-of-care” in people). The
“R” refers to rituximab (Rituxan), a recombinant chimeric murine/
human antibody directed against the CD20 antigen, a hydropho-
bic transmembrane protein located on normal pre-B and mature
B lymphocytes. After binding, rituximab triggers a host cytotoxic
immune response against CD20-positive cells. Unfortunately,
rituximab does not have therapeutic activity in dogs because of
a lack of external recognition of a similar antigen on canine lym-
phoma cells and the inherent antigenicity of human-derived anti-
bodies in dogs.??!*?? Recently, caninized mAb designed to target
either B-cell (blontuvetmab; Blontress) or T-cell (tamtuvetmab;
Tactress) lymphomas were conditionally approved by the USDA
for use in dogs with lymphoma; however, after being assessed in
prospective clinical trials involving a large number of dogs, their
target specificity was found to be inadequate to effect clinical effi-
cacy, and they are no longer available and are not currently rec-
ommended for use. Several laboratories throughout the world are
working to characterize and develop more specific and effective
mAD therapies for use in canine lymphoma,?3-32¢ and practitio-
ners await their development.

Antitumor Vaccine Approaches

Several antitumor vaccine approaches have been investigated
in dogs with lymphoma, including tumor vaccine extract using
killed lymphoma cells combined with Freund’s adjuvant*?7-328 and
autologous killed and/or gene engineered lymphoma tumor cell
vaccines®??33%; however, no significant gains in remission times or
overall survival have been documented. Exploratory vaccines tar-
geting telomerase?!33? (see Chapter 15, Section D), heat shock
proteins,>*»33* and RNA-loaded CD40-activated B cells?3%33
in dogs with lymphoma have also been conducted. These studies
involved small numbers of nonrandomized patients and lacked
controlled populations for comparison. A xenogeneic DNA vac-
cine designed to target canine CD20 is currently undergoing
clinical trials in the United States. Although preliminary activity is
suggested in many of these reports and they are serving to enhance
our basic understanding of immunotherapeutic methodologies,
their development is still early; complete safety and efficacy trials
have not been completed to date.

Adaptive Inmunotherapy Approaches

Much excitement has been generated in physician-based medi-
cine about adaptive immunotherapy approaches, in particular
the application of chimeric antigen receptor T cells (CAR-T; see
Chapter 14). These approaches are currently the subject of several
proof-of-concept trials in dogs with NHL.337-338

Surgery
Most dogs with lymphoma have multicentric disease and therefore
require systemic chemotherapy to effectively treat their disease.
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However, surgery has been used to treat solitary lymphoma (stage
I) or solitary extranodal disease. Careful staging is necessary in
such cases to rule out multicentric involvement before treating
local disease. Surgery has also occasionally been applied for pal-
liative removal of nodes that are mechanical obstructions in drug
resistant settings.

The benefit of surgical removal of the spleen in dogs with mas-
sive splenomegaly remains unclear; however, for indolent lympho-
mas confined to the spleen, long-term survival after splenectomy is
the norm.!00:102:339.340 Tn an older report, 16 dogs with lymphoma
underwent splenectomy to remove a massively enlarged spleen and
were subsequently treated with chemotherapy.*’ Within 6 weeks
of splenectomy, five of the 16 dogs died of disseminated intravas-
cular coagulation (DIC) and sepsis. The remaining 11 dogs (66%)
had a CR, and seven dogs had a MST of 14 months. No staging or
histologic information was provided, so the information appears
of limited usefulness, although those with follow-up lived approxi-
mately 1 year. In two reports of indolent nodular lymphoma of the
spleen (MZL and mantle cell lymphoma [MCL]), outcome was
available on seven MZL cases, including three cases that did not
receive adjuvant chemotherapy after surgery,'°%192 and only one
died of lymphoma after splenectomy. In a recent report of indolent
lymphomas, four splenic lymphomas (three MZL and one MCL)
underwent splenectomy alone and all survived more than 1 year,
with none dying of their primary disease.!’! In another report of
41 dogs undergoing splenectomy for lymphoma, those dogs with
indolent forms enjoyed long-term survival.?* Splenectomy should
be considered if the lymphoma is not documented in other sites
after thorough staging, if lymphoma is an indolent form, or if
splenic rupture has occurred. Of note, no control population con-
sisting of dogs that did not undergo splenectomy exists, so the
natural history of indolent splenic lymphoma remains uncertain.

Radiation Therapy

Radiation therapy, although of limited routine use in the treat-
ment of lymphoma, may be indicated in selected cases.?*!~3°!
Potential indications are as follows:

1. Curative intent therapy for stage I LN and solitary extranodal
disease (i.e., nasal, cutaneous, spinal lymphoma)

2. Palliation for local disease (e.g., mandibular lymphadenopathy,
rectal lymphoma, mediastinal lymphoma where precaval syn-
drome is present, localized bone involvement)

3. Total body radiation combined with bone marrow or stem cell
reconstitution

4. Whole or staged half-body RT after chemotherapy-induced
remissions

In the latter case, staged half-body irradiation sandwiched

between chemotherapy cycles or after attainment of remission by

induction chemotherapy has been preliminarily investigated as a

form of consolidation or maintenance.?0!:344:345,349.352-354 RT is

delivered to either the cranial or caudal half of the body in 4 to 8

Gy fractions and, after a 2- or 4-week rest, the other half of the

body is irradiated in a similar fashion. Although these preliminary

investigations were not randomized, they suggest that RT applied
when dogs are in either complete or partial remission is safe and
warrants further investigation to determine whether significant
therapeutic gain can be realized. A pilot study of low-dose (1 Gy)
single-fraction total body irradiation in seven dogs with relapsed
drug-resistant lymphoma, although safely applied, resulted in
only partial nondurable (1-4 week) remissions.”*!

Total body irradiation (and/or ablative chemotherapy) for com-
plete or partial bone marrow ablation followed by reconstitution

with bone marrow or stem-cell transplant in dogs, although a
recognized model in comparative research settings,’>> is still in
its early phases of development and application in clinical vet-
erinary practice.’>*%? Because of the high cost, limited acces-
sibility to relatively sophisticated equipment, and management
requirements, these types of procedures are limited to preliminary
investigations at a few centers. Currently, long-term results docu-
menting significantly enhanced efficacy in sufficient numbers of
treated cases have yet to be presented.

Treatment of Extranodal Lymphoma

In general, the veterinary literature contains little information on
treating various extranodal forms of lymphoma in dogs, and our
ability to predict outcome is thus limited. In general, it is recom-
mended that, after extensive staging, in those cases where disease
is shown to be localized to a solitary site, local therapies (e.g., sur-
gery, local RT) can be used while withholding systemic therapies
(i.e., chemotherapy) until systemic progression or recurrence is
documented. In contrast, if multiple extranodal sites are involved
or they are part of a more generalized process, systemic chemo-

therapy should be chosen.

Alimentary Lymphoma

Most dogs with alimentary lymphoma are presented with diffuse
involvement of the intestinal tract, and involvement of local LNs
and liver is common. Chemotherapy in dogs with diffuse interme-
diate- or high-grade disease has been reported to be unrewarding
for the most part®!:126:360.361 with MSTs of only a few months
after CHOP-based chemotherapy; however, durable remissions
in a small subset of cases have been reported. A small-cell T-cell
intestinal lymphoma has been reported in dogs that appears to
have a more indolent course similar to small-cell T-cell intestinal
lymphoma in cats.®!?> In reports of 17 and 20 dogs, MSTs after
receiving conservative treatment (prednisone and chlorambucil
most commonly) were 1.5 to 2.0 years.**!?> Solitary alimentary
lymphoma is rare in the dog; however, if the tumor is localized
and can be surgically removed, results (with or without follow-up
chemotherapy) can be encouraging. Colorectal lymphoma, gener-
ally a high-grade B-cell phenotype, is also associated with an indo-
lent outcome with median progression-free and overall survival
times greater than 3 years after initiation of chemotherapy.?02-30?

Primary Central Nervous System Lymphoma

CNS lymphoma in dogs usually results from extension of mul-
ticentric lymphoma; however, primary CNS lymphoma has
been reported.?7:133:135:136.364 If tumors are localized (rare), local
RT should be considered. Few studies have reported the use of
chemotherapy. In one study, cytosine arabinoside (Ara-C) at a
dosage of 20 mg/m? was given intrathecally; this treatment was
combined with systemic chemotherapy and CNS RT.!3% Overall,
the response rates are low and of short duration (several weeks to
months), although occasional durable responses are encountered.

Cutaneous Lymphoma

The cutaneous lymphomas represent an assorted group of
clinical entities that vary considerably in presentation and
outcome.”!7477:119,129.130.365,366 - Epitheliotropic ~ cutaneous lym-
phoma is most common and has been categorized into two clinically
separate entities (mucocutaneous and cutaneous) based on outcome
differences, with the mucocutaneous form appearing to have better
overall outcomes.!? Treatment of cutaneous and mucocutaneous



lymphoma depends on the extent of disease. Solitary lesions have
a better prognosis and may be treated with surgical excision or RT,
although thorough staging for systemic disease should be undertaken
before local therapy and active surveillance for subsequent develop-
ment of recurrent or systemic involvement should be implemented.
Fractionated RT has been associated with long-term control.>°%-37
Diffuse cutaneous lymphoma is best managed with systemic therapy,
although the rate and durability of response is generally less than in
multicentric lymphoma. The most widely used protocols for epi-
theliotropic and nonepitheliotropic cutaneous T-cell lymphoma
(CTCL) include CCNU (with or without L-asparaginase [see Table
33.6]) along with prednisone, pegylated L-asparaginase (very costly),
and oral retinoic acid analogs (limited availability; acitretin, etretinate,
isotretinoin).?0%:360:368-372 Multiagent protocols (generally CHOP-
based) may also be used, but have generally been instituted after sin-
gle-agent therapies have failed. Although reported response rates can
range from 40% to 80%, median remission durations are generally
short (approximately 3—6 months); occasionally, durable remissions
are encountered. Sporadic reports of other therapies for cutaneous
lymphoma in small numbers of cases include the use of COAP (cyclo-
phosphamide, vincristine [Oncovin], Ara-C, and prednisone), topical
mechlorethamine (Mustargen), rabacfosadine, recombinant human
interferon-alpha, and masitinib.'3%269-368.373 Al these reports involved
small numbers of cases and resulted in relatively short response dura-
tions. Whole-body surface RT has also been explored for the treat-
ment of diffuse cutaneous lymphoma in preliminary trials. 45374

A form of cutaneous lymphocytic infiltration has been char-
acterized as an indolent T-cell lymphoma based on clonality.”” It
is associated with slow progression and long-term survival after
corticosteroid management; however, it does have the potential to
progress to high-grade lymphoma.

Prognosis

The prognosis for dogs with lymphoma is highly variable and
depends on a wide variety of factors that are documented or
presumed to affect response to therapy. Although rarely curable
(<10% of cases), CRs and a good quality of life during extended
remissions and survival are typical. Factors that have been shown
to influence treatment response and survival for peripheral nodal
lymphoma are summarized in Tables 33.7 and 33.8.2 The prognos-
tic factors most consistently identified for peripheral nodal lym-
phoma are immunophenotype, WHO substage (see Fig. 33.11B),
and an indolent subclassification (Fig. 33.12). Many reports have
confirmed that dogs with nonindolent intermediate- and high-
grade T-cell lymphomas have significantly shorter remissions and
survival durations than dogs with intermediate or high-grade
B-cell disease.08:09:112:113.116.277.391 "Thig holds true primarily for
dogs with multicentric lymphoma because the immunopheno-
type of solitary or extranodal forms of lymphoma has not been
thoroughly investigated with respect to prognosis. In addition,
it has been shown that dogs with B-cell lymphomas that express
lower than normal levels of B5 antigen (expressed in 95% of non-
neoplastic lymphocytes) or low levels of class II MHC expression
experience shorter remissions and survival durations.®*! Dogs
presented with WHO substage & disease (i.e., clinically ill) also do
poorly compared with dogs with substage « disease.08:112:116.235.387
Dogs with stage [ and II disease have a better prognosis than those
dogs in more advanced stages (stage 111, IV, and V).

1108, 111, 123, 139, 177-179, 207, 210, 213, 235, 237, 273, 276-278, 287,
290, 293, 294, 299, 328, 365, 375-397.
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Proliferative assays such as analysis of bromodeoxyuridine
(BrdU) uptake, Ki67 antibody reactivity, and AgNOR indices to
measure proliferative activity of tumor cells have been shown to
provide prognostic information in dogs treated with combina-
tion chemotherapy; however, different studies are contradictory
and the information is rarely helpful clinically. In addition, in one
report, the proportion of tumor cells undergoing apoptosis was
modestly predictive of remission duration.!?3174

The anatomic site of disease is also of considerable prognostic
importance. Primary diffuse cutaneous, diffuse GI, hepatosplenic,
and primary CNS lymphomas tend to be associated with a poor
prognosis. Dogs with indolent cutaneous T-cell lymphocytic infil-
tration experience long-term survivals.”” Sex has been shown to
influence prognosis in some studies.?*>>3” Neutered females tend to
have a better prognosis; male dogs may have a higher incidence of
the T-cell phenotype, which may account for the poorer prognosis.

Reported biomarkers of prognosis, summarized in Table 33.8,
include increased circulating levels of glutathione-S-transferase,
thymidine kinase, lactate dehydrogenase, C-reactive proteins,
and VEGE. Finally, one report suggests that a history of chronic
inflammatory disease of several types predicts likelihood of early
relapse.?23%8 These putative prognostic indicators require further
confirmation in larger trials.

Of particular interest is the capacity of gene expression analysis
to predict and indeed subcategorize the lymphomas into prognos-
tic categories.'420:178.179:384 Although these types of analysis are not
currently widely available in the veterinary clinical setting, they are
routinely used for prognostication and therapeutic decision making
in people and are likely to become more readily available to veteri-
nary clinicians in the next decade. The potential of genetic molecular
profiling in veterinary oncology is illustrated by Frant et al'’3: they
were able to subcategorize dogs with peripheral nodal lymphoma into
three prognostic categories based on a benchtop quantitative real-time
(qRT)-PCR diagnostic analysis of expression of only four genes.!”8

The Indolent Lymphomas

Histologic grade (subtype) greatly influences prognosis. Dogs
with lymphoma classified as intermediate or high grade tend
to respond to chemotherapy, but can relapse early. Dogs with
low-grade indolent lymphomas have a poorer response to che-
motherapy, yet have a survival advantage over dogs with inter-
mediate- and high-grade lymphomas (see Fig. 33.12). Several
case compilations have documented that dogs with indolent lym-
phoma (e.g., MZL, MCL, TZL) experience prolonged STs, often
in the absence of any or aggressive chemotherapy; that is, they
often enjoy prolonged survival despite intervention rather than
because of intervention.'’*-'%2 One caveat is that canine nodal
marginal zone lymphoma, which is designated as an indolent dis-
order, is generally more aggressive with median progression-free
intervals of 5 months and overall STs of only 8.5 months; this
is substantially less than splenic MZL, which is associated with
long-term survival or cure after splenectomy.!’® Many dogs with
indolent lymphoma will live near normal life-spans and ultimately
die of non-lymphoma-related disorders. Generally, with the indo-
lent lymphomas, unless the presence of disease is having an effect
on the quality of life or results in clinically significant cytopenias
(myelophthisis), active surveillance in the absence of treatment is
recommended. If treatment is deemed necessary, more conserva-
tive protocols (e.g., chlorambucil/prednisone or cyclophospha-
mide/prednisone) are initiated. The goal of therapy is to control
the disease (stable disease or partial response) as CRs are unusual
with the indolent lymphomas.
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Prognostic Factors for Peripheral Nodal Lymphoma in Dogs

Modest Association
Strong Requiring Further
Factor Association Investigation Comments References
Histopathology/Subclassification X High/intermediate-grade: unfa- 29,90,96,98-102,107-
vorable 113,116-119
Indolent/low-grade: favorable
Immunophenotype X T cell phenotype: unfavorable 68,69,112,113,116,277,365,
(except TZL) 379,391
Low MHC Il expression: unfavor-
able
WHO clinical stage X Stage I/II: favorable 248,273,379,387
Stage V with significant bone
marrow involvement: unfavor-
able
WHO clinical substage X Substage b (clinically ill): unfavor-  68,112,116,235,379,387
able
Sex X Females/neutered females: 235,237
unfavorable
Genetic/gene expression analysis X Some signatures highly predictive  14,20,29,378,384,385
of outcome
Anatomic location X Leukemia, diffuse cutaneous See text for extra nodal sites
and alimentary, hepatosplenic
forms: unfavorable
Peripheral blood counts at
presentation
Anemia X Unfavorable 277,375,376,379,386,390
Neutrophilia X Unfavorable 376
Neutrophil/lymphocyte ratio X Low: unfavorable 379
Thrombocytopenia X Unfavorable 375
Lymphocyte/monocyte ratio X Low: unfavorable 382
Molecular assessment of minimal X Likely to become more important 123,217,287-290,293,393,416
residual disease (e.g., PCR, when “curative” therapeutic
flow) approaches are developed and
instituted
Measures of proliferation X Contradictory reports exist 123,177,380,388,389
Steroid pretreatment X Prolonged steroid pretreatment: 276,278
unfavorable
Cranial mediastinal lymphade- X Present: unfavorable 122
nopathy
Chemotherapy-induced hemato- X Grade IIl or IV chemotherapy- 381,392
logic toxicity induced neutropenias:
favorable
Geographic location X Mixed 383

Lymphocytic Leukemia

Lymphocytic leukemia is typically defined as proliferation of
neoplastic lymphocytes in bone marrow. Neoplastic cells usually
originate in the bone marrow, but occasionally in the spleen, and
may or may not be circulating in the peripheral blood. Our abil-
ity to diagnose lymphocytic leukemias using morphologic, flow
cytometric, immunophenotypic, and cytochemical techniques
has increased significantly in the past decade. Although little
information on treatment and prognosis is available for acute
lymphocytic leukemias (ALL), clinically relevant information on

chronic lymphocytic leukemias (CLL), their prognosis, and treat-
ment have recently come to light. Differentiating between true
leukemia and stage V lymphoma can be difficult and arbitrary,
and is often based on lack of significant lymphadenopathy, degree
of blood and bone marrow involvement, and immunophenotypic
characteristics.

Incidence, Risk Factors, and Etiology

Lymphocytic leukemia is more common than acute myeloid leu-
kemia and myeloproliferative disorders, but the true incidence
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Circulating (Serum/Plasma) Biomarkers as Prognostic Indices in Dogs with Lymphoma

Biomarker Comments References

Lactate dehydrogenase activity Increased: unfavorable 202,210

Thymidine kinase activity Increased: unfavorable 202,205,206,396,397
Haptoglobin Increased: unfavorable 202-204

Serum VEGF Increased: unfavorable 213,417
Glutathione-S-transferase Increased: unfavorable 418

Hypercalcemia Unfavorable 116,395,419,420
Serum cobalamin Decreased: unfavorable 395

Serum albumin Decreased: unfavorable 375,377

Serum C-reactive protein Although it may be used to characterize remission status, variable levels 202-205,294

preclude utility.

VEGF, Vascular endothelial growth factor.

-
o
7

\,
T

Percentage of dogs that had not relapsed
n (&)
T <

o

I I I I I 1
0 100 200 300 400 500 600
Time (days)

¢ Fig. 33.12 Kaplan—-Meier curves illustrating time to relapse adjusted for
clinical stage and immunophenotype among dogs treated for low-grade
(n = 17) (blue line) or high-grade (n = 51) (red line) Kiel classification lym-
phoma. (From Teske E, van Heerde P, Rutteman GR, et al. Prognostic fac-
tors for treatment of malignant lymphoma in dogs. J Am Vet Med Assoc.
1994;205:1722-1728.)

is unknown. Overall, CLL is much more common than ALL.
Smaller reports state that German shepherd dogs and golden
retrievers may be overrepresented.!”%3%? Based on a recent com-
pilations of more than 400 dogs with B-cell CLL (B-CLL),
small-breed dogs are much more likely to be affected.!’® Lym-
phocytic leukemia can occur in dogs of any age, but typically
occurs in middle-aged to older dogs (mean of 7-10 years of
age); CLL usually occurs in older dogs (mean of 10-11 years
of age),!00:170,:394.399.400 a]though a distinct form of B-CLL in
English bulldogs occurs in younger dogs (mean, 6 years of
age).!% A significant sex predilection is not reported. As with
lymphoma, the etiology of lymphocytic leukemia is for the most
part unknown. Genetic factors likely play a role and have been
compared between dogs and humans.'?

Pathology and Classification

Lymphocytic leukemias can be subdivided based on cell size,
maturity, genetic aberrations, microRNA expression, and

immunophenotype.!2170:180,394.399-402 The simplest classifica-
p p p

tion divides leukemia into two groups: chronic (small cells with a
mature cytologic phenotype) and acute (large cells with an imma-
ture cytologic phenotype). Immunophenotypic assessment using
flow cytometric and molecular assays can further characterize these
two major subtypes.

Of the CLLs, approximately two-thirds are T cell (T-CLL) and
one-third are B-CLL. Three primary subtypes of CLL, based primar-
ily on immunophenotyping, have been reported!00:164170.394.400,
(1) T=CLL, which is the most common form, with cells in the
majority of cases being CD3*/CD8* granular lymphocytes; (2)
B-CLL (CD21*), which is the next most common subtype; and (3)
atypical CLL, which represents a combination of immunopheno-
types (CD3-, CD8* CD3*, CD4-, CD8-; CD3*, CD4*, CD8*,
and CD3* + CD21%). This is in contrast to CLL in humans, which
is primarily a disease of B cells. In CLL, lymphocytes often are
indistinguishable morphologically from normal small lymphocytes
(Fig. 33.13) and have a low rate of proliferation; accumulation of
lymphocytes likely results from their prolonged lifespan.

ALL has also been classified as a lymphoid precursor neoplasm
and can be derived from either B cells (B-ALL) or T cells (T-ALL).
The majority are B-ALL (CD21%, CD3-, CD4-, CD8"), although
a smaller percentage (<10%) are T-ALL (CD3*, CD4-, CDS",
CD21).17% In general, these cells tend to be intermediate or large
cells with moderate amounts of basophilic cytoplasm. Perhaps the
most distinguishing feature of the large lymphocytes is the nuclear
chromatin pattern, which typically is less condensed than the chro-
matin in small lymphocytes but more condensed than the chroma-
tin in myeloblasts. Large lymphocytes are larger than neutrophils,
have a high nuclear-to-cytoplasmic ratio, and contain basophilic
cytoplasm (see Fig. 33.13). Nucleoli, although present, are less
prominent in large lymphocytes than in myeloblasts. Nevertheless,
these cells cannot be distinguished easily from immature cells of
other hematopoietic lineages, and identification of lineage-specific
markers by immunocytochemical, flow cytometric, or molecular/
genetic analysis is required to ascertain their lineage. 401403404 Tf
the cells express CD34, a stem-cell marker, an acute phenotype is
implied!7%%9439; however, both myeloid and lymphoid lineages
express CD34 and our ability to differentiate ALL from acute
myeloid leukemia relies on detection of other markers, including
T- and B-cell markers and myeloperoxidase, a myeloid marker. Fur-
thermore, some T-ALLs do not express CD34.404
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¢ Fig.33.13 (A) Peripheral blood from a dog with acute lymphocytic leukemia (ALL). Note the large lymphoid
cells with visible nucleoli. Chromatin from disintegrated cells also is visible. (Wright's stain, x60 objective.)
(B) Peripheral blood from a dog with chronic lymphocytic leukemia (CLL). Note the small lymphocytes of
normal mature morphology (smaller than the neutrophil). (Wright’s stain, x60 objective.)

History and Clinical Signs

Dogs with CLL are often asymptomatic and a diagnosis is pursued
based on an incidental finding of increased circulating mature lym-
phocytes on routine CBCs. In more advanced disease, some owners
report lethargy and decreased appetite. Mild lymphadenopathy and
splenomegaly may be present, although late in the disease spleno-
megaly may be marked.“*> In a compilation of nearly 500 dogs with
B-CLL, 50% had some degree of peripheral lymphadenopathy,
50% had splenomegaly, 30% had hepatomegaly, 23% had visceral
lymphadenopathy, and 3% had a mediastinal mass.'®® The white
blood cell (WBC) count is usually >30,000 cells/uL but can vary
from normal to more than 100,000 cells/uL because of an increase
in circulating mature lymphocytes. Lymphocytosis is persistent, and
granulocytes are usually present in normal numbers. Other than
lymphocytosis, hemograms of dogs with CLL tend to have few
abnormalities when lymphocytes are less than 30,000/uL.!70-394400
Mild anemia, neutropenia, and thrombocytopenia are common,
but may become marked as the disease progresses and lymphocyte
counts increase above 30,000/pL. In B-CLL, the median lympho-
cyte count was 24,600/uL and neutropenia and thrombocytopenia
were uncommon (1% and 7%, respectively).?® Despite the well-
differentiated appearance of the lymphocytes in CLL, these cells
may function abnormally. Paraneoplastic syndromes include mono-
clonal gammopathies, immune-mediated hemolytic anemia, pure
red cell aplasia, and, rarely, hypercalcemia; 80% of dogs with B-CLL
were reported to be hyperglobulinemic and 13% were hypercalce-
mic. 00406407 Tn 22 dogs with CLL, 68% had monoclonal gam-
mopathies (usually IgM or IgA).4"” The immunophenotypes were
not reported in this latter report, but a monoclonal gammopathy
would be more likely to occur in B-CLL.

Dogs with ALL usually present with clinical signs of anorexia,
weight loss, and lethargy. Splenomegaly is typical and other
physical abnormalities may include hemorrhage, lymphade-
nopathy, and hepatomegaly.“*® Infiltration of bone marrow by
neoplastic lymphocytes may be extensive, resulting in significant
depression of normal hematopoietic elements or myelophthi-
sis.170:394.399,404.408409 Anemia, neutropenia, and thrombocyto-
penia are typically much more severe than with CLL and may
become life threatening. Infiltration of extramedullary sites, such
as the CNS, bone, and GI tract, may also occur and can result in
neuropathies, bone pain, and GI signs, respectively.

Diagnostics and Clinical Staging

Consideration of signalment, history, physical findings, and
morphologic appearance and immunophenotype of cells is
essential in making an accurate diagnosis. It is helpful to know
the profile of lymphocyte subsets in the peripheral blood of nor-
mal dogs to determine whether a particular subset has expanded.
Approximately 80% of circulating lymphocytes in normal dogs
are T cells and about 15% are B cells. NK cells and double-
negative (CD4-, CD8") T cells constitute the remaining frac-
tion. In the T-cell fraction, helper T cells (CD4*) outnumber
cytotoxic T cells (CD8%).47 Lymphocytic leukemia should be
a consideration if atypical lymphocytes are in circulation, the
immunophenotype of the lymphocytes in circulation is homo-
geneous as determined by flow cytometric analysis, a phenotype
typically present in low frequency has increased, or if clonality is
documented (e.g., by PARR analysis). Other differential diagno-
ses for lymphocytosis include infectious diseases, such as chronic
chrlichiosis, postvaccinal responses in young dogs, IL-2 admin-
istration, and transient physiologic or epinephrine-induced lym-
phocytosis. In some cases, reactive and neoplastic lymphocytoses
are difficult to distinguish.

Expansion of neoplastic lymphocytes in bone marrow is the
hallmark of ALL and, in most cases, CLL. Careful examination of
peripheral blood and bone marrow by an experienced cytopatholo-
gist is important in establishing a diagnosis of lymphocytic leuke-
mia; in cases of marked lymphocytosis with atypia, peripheral blood
can be used for analysis of immunophenotype and clonality, and
examination of bone marrow is not essential. If diagnostic bone
marrow cannot be adequately obtained by aspiration, bone mar-
row core biopsy should be performed. In ALL, large lymphocytes
predominate in the bone marrow and are also present in peripheral
blood, and other lineages are decreased. In B- and T-cell CLL, lym-
phocytes are small mature cells that occur in excessive numbers in
bone marrow (=30% of all nucleated cells) early in the disease.**
In T-CLL, lymphocytes may contain pink granules. Infiltration
becomes more extensive as the disease slowly progresses, and even-
tually the neoplastic cells replace normal marrow.

A separate clinical staging system has not been developed for
lymphocytic leukemias. Currently, all dogs with leukemia are
classified as stage V based on the WHO Staging System for lym-
phoma as presented in Box 33.2.



Treatment of Chronic Lymphocytic Leukemia

Because of the indolent and often asymptomatic nature of CLL,
the decision to treat is often based on the clinical and laboratory
findings in the individual dog. Most oncologists recommend
active surveillance (monthly or bimonthly physical examination
and CBC) over active therapy when CLL is identified inciden-
tally, there are no accompanying clinical signs, and other signifi-
cant hematologic abnormalities are not identified. If the dog is
significantly anemic or thrombocytopenic or is showing evidence
of significant lymphadenopathy or hepatosplenomegaly, therapy
should be considered. There is no consensus on what degree of
lymphocytosis is used to initiate therapy; the definition of “exces-
sively high” varies among oncologists, and a standard has not been
established in veterinary medicine. The author (DMV) prefers
to base treatment decisions on the presence of significant consti-
tutional signs and peripheral cytopenias rather than an absolute
lymphocyte count. Currently, the most effective drug available for
treatment of CLL, once therapy is deemed necessary, is chloram-
bucil.#09405 Chlorambucil is given orally at a dose of 0.2 mg/kg
or 6 mg/m? PO once daily for 7 to 14 days; the dose can then be
reduced to 0.1 mg/kg or 3 mg/m? PO daily. For long-term main-
tenance, a dose of 2.0 mg/m? every other day can be used. The
dose is adjusted based on clinical response and bone marrow toler-
ance. Pulse-dose chlorambucil (20-30 mg/m? q 2 weeks) has been
anecdotally used for CLL in some cases; however, no compilations
of cases have been reported to assess effectiveness of this protocol.
Oral prednisone is used concurrently with chlorambucil at doses
of 1 mg/kg daily for 1 to 2 weeks, then 0.5 mg/kg every other day
thereafter. The addition of vincristine or the substitution of cyclo-
phosphamide for chlorambucil has been advocated in animals that
do not respond to chlorambucil.

Treatment of CLL, once initiated, is primarily palliative with
rare complete remissions and a uniformly fatal course. Owing to
the indolent nature of this disease, however, STs have been in the
range of 1 to 3 years with a good quality of life.?00405:410 The
phenotype of CLL is usually stable over months to years; however,
the disease may evolve into an acute phase, and some dogs will
develop a form of lymphoma that is rapidly progressive and char-
acterized by the presence of pleomorphic large lymphocytes*!412;
in humans, this is termed Richter’s 5yndr0me.413 Based on a data set
of 153 cases, 2% of T-CLLs and 10% of B-CLLs progressed to a
Richter-like acute disease often characterized by lymphadenopa-
thy, coughing, vomiting, weight loss, and neurologic signs.*'> In
these eight dogs, the progression to acute disease occurred 2 to
16 months after initial diagnosis of their CLL and MST after this
progression was only 41 days despite aggressive (CHOP-based)
chemotherapy in half of the cases.*!?

Treatment of Acute Lymphocytic Leukemia

Much of the morbidity in dogs with ALL results from effacement
of bone marrow (myelophthisis) and subsequent life-threatening
peripheral cytopenias. Neutropenia, thrombocytopenia, and ane-
mia may be severe. Dogs often require supportive therapy, such as
fresh whole-blood transfusions, broad-spectrum antibiotics, fluid
therapy, and nutritional support. Careful monitoring for sepsis,
hemorrhage, and DIC is important. Specific treatment of ALL
would require aggressive chemotherapy; however, consistently
efficacious protocols have not been developed in veterinary medi-
cine, and there are few published reports. CHOP-based proto-
cols, similar to those used for lymphoma (see Table 33.4), have
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been used by the author (DMV) and others for dogs with ALL;
however, responses and durability of response are generally disap-
pointing. The standard of care in humans with acute leukemia
generally involves bone marrow ablative treatments with stem cell
or marrow replacement, technology that is not widely available or
often pursued in veterinary oncology.

Prognosis

In general, CLL is an indolent disease (with the aforementioned
exception of atypical CLL), and many dogs will not require ther-
apy for some time after diagnosis; several dogs have been reported
to survive a year or more without treatment.**4'4 For those
dogs that are treated, normalization of lymphocyte counts can be
expected in 70% of cases. In one report of 17 dogs treated with
vincristine, chlorambucil, and prednisone, MST was approxi-
mately 12 months with an expected 30% survival at 2 years.*?
In larger compilations of cases that include immunophenotypic
analysis, treatment protocols were poorly documented, although
most received chlorambucil and prednisone. The immunopheno-
type of CLL has been shown to be prognostic; in a report of 43
cases, MSTs of 930 days, 480 days, and 22 days were reported for
T-CLL, B-CLL, and atypical CLL, respectively.*”’ In this group
of dogs, young age and anemia were also associated with a poor
prognosis. In another series with limited treatment information,
dogs with CLL of a CD8* immunophenotype that presented
with less than 30,000 lymphocytes/uL or greater than 30,000
lymphocytes/pL had MSTs of 1098 and 131 days, respectively.*?

Prognosis for dogs with ALL is generally very poor. In a study
of 21 dogs treated with vincristine and prednisone, dogs achieving
complete or partial remission (29%) had an MST of 120 days,
and few dogs survived longer than 8 months.“® In one report of
46 cases of ALL with a CD34* phenotype, dogs had a MST of
16 days (range, 3—128 days), even though the majority received a
CHOP-based treatment protocol.?** In addition, dogs with B-cell
ALL (CD21%) in which the lymphocytes were large cells (forward
scatter lymphocyte/forward scatter neutrophil ratio of greater than
0.58 by flow cytometric analysis) had a MST of only 129 days,
independent of treatment protocol.?**

SECTION B: FELINE LYMPHOMA AND

LEUKEMIA

DAVID M. VAIL AND MARIE PINKERTON

Lymphoma

Lymphoma (malignant lymphoma or lymphosarcoma) comprises
a diverse group of neoplasms that have in common their origin
from lymphocytes. The neoplasms usually arise in lymphoid tis-
sues such as lymph nodes, spleen, and bone marrow; however,
they may arise in almost any tissue in the body. Lymphoma is one
of the most common neoplasms seen in the cat. See Box 33.4.

Incidence

Epidemiologic reports before 1990 suggested that lymphoma
accounted for 50% to 90% of all hematopoietic tumors in the
cat,?1422 and because hematopoietic tumors (lymphoid and
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* BOX 33.4 Key Clinical Summary Points: Feline

Lymphoma

e Avaried group of lymphoid cancers discussed in three major groups
based on varied presentation, diagnosis, management, and outcome
(Table 33.9): Alimentary/Gastrointestinal, Peripheral Nodal, and
Extranodal.

e Feline leukemia virus (FeLV) infection, a major etiologic agent of the
disease, is no longer relevant in the majority of cases because of viral
elimination and vaccination programs instituted in the 1980s.

e The alimentary/gastrointestinal forms predominate, and distinct
subtypes exist representing both indolent (majority) and aggressive
(intermediate-/high-grade) lymphomas (Table 33.10).

e Indolent (low-grade) subtypes in any anatomic site are managed with
conservative chemotherapy (chlorambucil and prednisolone), with high
response rates and durable survival durations (=1.5-3 years) expected.

e [ntermediate- or high-grade subtypes of any anatomic site are managed
with more aggressive CHOP- or COP-based chemotherapy protocols
(Tables 33.11, 33.12), with moderate response rates (50%—-65%) and
less durable (<1 year) survival durations expected.

e (ats with intermediate- or high-grade lymphoma that achieve a
complete response with chemotherapy (approximately 35% of cases)
often enjoy more durable (>1 year) survival durations.

e Solitary forms of lymphoma may be managed with local therapies (i.e.,
surgery, radiation therapy) provided thorough staging has ruled out systemic
spread and active surveillance for identifying recurrence is instituted.

myeloid) represent approximately one-third of all feline tumors, it
was estimated that lymphoid neoplasia accounted for an incidence
of 200 per 100,000 cats at risk.*>3 In one series of 400 cats with
hematopoietic tumors, 61% had lymphoma and 39% had leuke-
mias and myeloproliferative diseases (MPDs), of which 21% were
categorized as undifferentiated leukemias, most likely myeloid in
origin.424 However, a significant change in the epidemiology and
characteristics of lymphoma in cats coincided with the widespread
integration of feline leukemia virus (FeLV) diagnostic assays and
affected animal elimination regimens of the late 1970s and 1980s,
and was further enhanced by the commercially available FeLV vac-
cines appearing in the late 1980s. The decline in Fel'V-associated
lymphoma is mirrored by a global decline in the overall prevalence
per year of FeLV positivity in cats tested.>>2? Importantly, many
of these studies reveal that despite a sharp drop in Fel'V-associated
lymphoma, the overall prevalence of lymphoma in cats is increas-
ing. The increased prevalence appears because of an increase in
the number and relative frequency of the alimentary (and, in
particular, the intestinal) and extranodal anatomic forms of lym-
phoma.#20:430-433 This is supported by an epidemiologic survey of
several hundred cases of feline intestinal lymphoma; 534 (86%)
were from the 20 years after 1985 and only 14% were from cases
diagnosed in the 20 years before 1985.%3% This change in inci-
dence has also been observed in Europe.420-431

The true annual incidence rate for lymphoma in cats is cur-
rently unknown. With respect to feline pediatric (<1 year of age)
tumors, a study in the United Kingdom (7 = 233 pathology speci-
mens) found that 73 (31%) represented hematopoietic tumors,
of which 51 (70%) were lymphoma; note that FeLV status was
unavailable for this compilation of cases.*3

The typical signalment for cats with lymphoma cannot be uni-
formly stated as it varies widely based on anatomic site and FeLV
status, and therefore will be discussed individually under site-
specific discussions. In general, based on two large compilations
(7 = 850) of cases in North America and Europe,**74?8 domestic

shorthair (DSH) cats are most commonly affected and Siamese
cats appear overrepresented in some reports. A 1.5:1 male-to-
female ratio was observed in two studies, with no association with
gender or neutering status observed in one.*””4?8 In a large com-
pilation of Australian cases, male cats and the Siamese/oriental
breeds were overrepresented,*** and similar breed findings have
been observed in North America, although similar gender predi-
lections have not been found. Within the Siamese/oriental breeds,
there appears to be a predisposition for a mediastinal form that is
not FelV-associated and represents a younger population (median
of 2 years).

Etiology

Viral Factors

FeLV was the most common cause of hematopoietic tumors in the
cat in the so-called “FelV era” of the 1960s through the 1980s,
when approximately two-thirds of lymphoma cases were associ-
ated with FeLV antigenemia. Several studies have documented the
potential molecular means by which FellV can result in lymphoid
neoplasia (see Chapter 1, Section C). As one would predict, along
with a shift away from Fel'V-associated tumors came a shift away
from traditional signalment and relative frequency of anatomic
sites. This is also supported outside of North America by simi-
lar signalment and anatomic frequency data observed in Austra-
lia, where FelV infection is less common, and in Europe, where
FeLV incidence has declined and signalment and anatomic site
prevalence has shifted accordingly.*?0-431:434435 The median age
of approximately 11 to 12 years now reported in North America
and Europe is considerably higher than the median ages of 3 to 5
years reported in the FelV era,#21:422:426-429.431 The median age of
cats within various anatomic tumor groupings has not changed,
and anatomic forms traditionally associated with FeLV, such as the
mediastinal form, may still occur in younger, FeLV antigenemic
cats. Similarly, the alimentary form and extranodal forms occur
most often in older, FelV-negative cats.*>*#4! Table 33.9 presents
an overview of the characteristics of the various anatomic sites of
lymphoma in cats. As our ability to interrogate FeLV associations
on a molecular basis has improved (e.g., PCR amplification and
fluorescent in situ hybridization), several reports exist defining the
role or potential role of FeLV in cats with and without FellV anti-
genemia.*4>#47 Collectively, these studies indicate FeLV proviral
insertion exists in a proportion of feline lymphoma tissues and is
more common in those of T-cell origin, particularly the thymic
and peripheral lymph node anatomic forms. They also suggest
that several common FelV integration sites exist.

There is also evidence that feline immunodeficiency virus (FIV)
infection can increase the incidence of lymphoma in cats.42>-448-456
In contrast to the direct role of FeLV in tumorigenesis, most evi-
dence suggests an indirect role for FIV secondary to the immuno-
suppressive effects of the virus. Shelton et al determined that FIV
infection alone in cats was associated with a five-fold increased risk
for development of lymphoma.*>* Coinfection with FeLV further
potentiates the development of lymphoproliferative disorders.
Experimentally, cats infected with FIV have developed lymphoma
in the kidney, alimentary tract, liver, and multicentric sites. FIV-
associated lymphoma is more likely to be of B-cell immunophe-
notype, as opposed to the T-cell predominance associated with
FeLV. It has been suggested that FIV infection may be associ-
ated more commonly with alimentary lymphoma of B-cell ori-
gin, %9457 and this may be related to chronic dysregulation of the
immune system or the activation of oncogenic pathways; however,
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General Characteristics of the Most Commonly Encountered Anatomic Forms of Lymphoma in Cats

Immuno- Local versus
Anatomic Relative Median Age  Phenotype Diffuse/ Biologic General
Form Frequency (yr) (Generally) FelV Antigenicity  Multicentric Behavior Prognosis
Alimentary/
Gastroin-
testinal
LGAL Common 10-13 T-cell, small Rare Diffuse Indolent Good
I/HGAL Uncommon 12 B-cell, large Rare Generally Diffuse Aggressive Poor—Fair
LGL Uncommon 9 T-cell, large Rare Generally Diffuse Aggressive Poor
Nasal Uncommon 9-10 B cell (75%) Rare Local common More indolent Good—Fair
Mediastinal Uncommon 2-4 T-cell, large More common Local common Indolent or Fair—Poor
aggressive
forms
Peripheral
nodal
Non-Hodg- Uncommon 3-4 B-cell (75%), More common Multicentric Aggressive Fair—Poor
kin’s large
Hodgkin’s- Rare 11 T-cell rich B-cell,  Rare Local initially Indolent Good- Fair
like large
Laryngeal/ Rare 9 ID Rare Local common ID Fair—Good
Tracheal
Renal Uncommon 9 B-cell Rare Multicentric Aggressive Poor—Fair
CNS Rare 4-10 ID Rare Multicentric Aggressive Poor
Cutaneous Rare 10-13 T-cell Rare Local initially Indolent to Fair
aggressive
Subcutane- Rare 10-13 B-cell, large Rare Local initially Aggressive Fair
ous
Ocular Rare 10-11 B-cell Rare Local Often indolent Good—Fair
(PSOL)

Common = >50% of clinical presentations; Moderate = 20%-50% of clinical presentations;
Uncommon = 5%—20% of clinical presentation; Rare = <5% of clinical presentations.

ID, Insufficient data; //HGAL, intermediate-/high-grade alimentary lymphoma; LGAL, low-grade alimentary lymphoma; LGL, = large granular lymphoma; PSOL, presumed solitary ocular lymphoma.

FIV antigenemia was only rarely associated with alimentary lym-
phoma in other large compilations of cases.#?%458-401

Interrogations of gammaherpesvirus 1(FcGHV1) in cats with
lymphoma did not show an association; however, FcGHV1 anti-
genemia was associated with an overall poorer prognosis for cats
with lymphoma, the causality of which is speculative.*?

Genetic and Molecular Factors

As discussed in Section A of this chapter (canine lymphoma),
recent advances in molecular cytogenetics (see also Chapter 1,
Section A, and Chapter 8), including gene microarray techniques,
have and are currently being applied to investigations of chromo-
somal aberrations and gene expression changes in veterinary spe-
cies with lymphoma. Indeed, a predisposition of the oriental cat
breeds to develop lymphoma suggests a genetic predisposition and
indicates heritable risk.4?743%43¢ Altered oncogene/tumor sup-
pressor gene expression, epigenetic changes, signal transduction,
and cell death-pathway alterations are common in lymphomas
of humans and are likely also involved in the cat. Several genetic
factors have already been discussed as they relate to FeLV asso-
ciations. In addition, N-7zs aberrations have been implicated,
although they are rare in cats.“> Furthermore, telomerase activity

(see Chapter 2) has been documented in feline lymphoma tis-
sues. 04405 Alterations in cellular proliferation and in cell-cycle
and death (apoptosis) pathways, in particular the cyclin-dependent
kinase cell-cycle regulators and the Bcl-2 family of proapoptotic
and antiapoptotic governing molecules, have also been implicated
in feline lymphoma.#00-408

Environmental Factors

Evidence for exposure to environmental tobacco smoke (ETS) as a
risk factor for lymphoma in humans has prompted investigations in
cats. In one report, the relative risk of developing lymphoma in cats
with any exposure to ETS and with 5 or more years of exposure to
ETS was 2.4 and 3.2, respectively.“® A large European study docu-
menting an association between proximity of waste management
and cancer in dogs failed to show increased risk in cats.*”?

Immunosuppression

Immune system alterations in the cat, such as those accompany-
ing FIV infection, has been implicated in the development of lym-
phoma 0452454471 Ag is the case in immunosuppressed human
organ transplantation patients, reports of immunosuppressed feline
renal transplant recipients document increased risk of lymphoma
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after transplant and associated immunosuppressive therapy.*’2-474

In these studies, approximately 10% of transplanted cats developed
de novo malignant lymphoma and, in one report, all cats had inter-
mediate- or high-grade multicentric B cell lymphoma.

Chronic Inflammation

Although definitive proof is lacking, there is a growing body of
indirect evidence to suggest that lymphoma can be associated with
the presence of chronic inflammation, which theoretically could
be the case with intestinal and nasal lymphoma. In particular, an
association has been suggested between intestinal lymphoma and
inflammatory bowel disease*2”:47>; however, others have not found
support for this concept.”’¢ In addition, an association between
gastric Helicobacter infection and gastric mucosa-associated lym-
phoid tissue (MALT) lymphoma in cats is suggested in one study,
and it warrants further investigation because this is a recognized
syndrome in humans.”’”7#7% In a case-control study investigat-
ing mucosa-invading and intravascular bacteria in feline intes-
tinal lymphomas, statistically significant differences were found
in prevalence of mucosa-invading bacteria, which were identified
in 82%, 18% and 3% of large cell lymphoma, small cell lym-
phoma and lymphocytic-plasmacytic enteritis biopsy samples,
respectively.*’” Furthermore, intravascular bacteria were only
present in cases of large cell intestinal lymphoma (29% of cases).
The etiologic significance of this has not been explored, but is also
warranted. Finally, a suggestion that chronic inflammation from
injection sites may be involved in the risk of developing subcuta-
neous lymphoma in cats,*! similar to its documented association
with subcutaneous soft tissue sarcomas.

Diet and Intestinal Lymphoma

Although no direct evidence exists, a link between diet and the
development of intestinal lymphoma in cats has been suggested.*?”
Support is offered by the relative and absolute increase in the ali-
mentary form of lymphoma in the past 20 years and the fact that
several dietary modifications in cat food have occurred in a similar
timeframe in response to diseases, such as urinary tract disease. Fur-
ther investigation is warranted to prove or disprove such assertions.

Pathology and Natural Behavior

Lymphoma can be classified based on anatomic location and histo-
logic and immunophenotypic (low cytometric or immunohisto-
chemical) criteria; often, the two are intimately associated because
certain histologic and immunophenotypic types are commonly
associated with specific anatomic locations (see Table 33.9). The
interrogation of lymphoma subtypes by flow cytometric analysis,
PARR clonality analysis and genetic characterization, as is the stan-
dard of practice for human lymphoma and becoming so in canine
lymphoma, is less well described and applied in the feline lym-
phomas, partly due to the prevalence of intrabdominal anatomic
forms making sampling more difficult and partly due to variable
PCR primer availability and sensitivity.*-480 The largest compila-
tion of feline cases subjected to rigorous histologic classification
was reported by Valli and others using the NCI Working Formula-
tion.*8! The WHO has also published a histologic classification
system that uses the REAL system as a basis for defining histologic
categories of hematopoietic tumors in domestic animals.*$%4%3 This
system incorporates both histologic criteria and immunohistologic
criteria (e.g., B- and T-cell immunophenotype) and was discussed
in length in Section A of this chapter. The updated Kiel classifica-
tion system has also been used to classify feline lymphoma.#6448>
Regarding anatomic location, a profound change in presentation,

signalment, Fel'V antigenemia, immunophenotype, and frequency
of anatomic sites has occurred in cats with lymphoma in the “post-
FelV” era (see Table 33.9). Because of this shift, characteristics of
feline lymphoma discussed in this chapter will be primarily limited
to reports collected from cases presenting after 1995.

Several anatomic classifications exist for lymphoma in the cat,
and some categorize the disease as mediastinal, alimentary, multi-
centric, nodal, leukemic, and individual extranodal forms. Others
have combined various nodal and extranodal forms into categories
of atypical, unclassified, and mixed, and others have combined
intestinal, splenic, hepatic, and mesenteric nodal forms into one
category termed intraabdominal. Some discrepancies in the dis-
cussion of frequency will inevitably result from the variations
in classification used in the literature. The relative frequency of
anatomic forms and their associated immunophenotype may also
vary with geographic distribution and may be related to genetic
and FelV strain differences, as well as prevalence of FelV vaccine
use. For the purposes of this chapter, the feline lymphomas will be
discussed in three separate sections: alimentary/gastrointestinal,
peripheral nodal, and extranodal. Signalment, clinical presenta-
tion, diagnosis, treatment, and prognosis will be discussed indi-
vidually under each of these three sections.

Alimentary/Gastrointestinal Lymphoma

Lymphoma is the most common tumor type found in the GI tract
of cats, representing 55% of cases in an epidemiologic survey of
1129 intestinal tumors in the species.**? The Siamese breed is
reported at increased risk; however, the majority of cases occur
in DSH cats.427:432:430.441 Although lymphoma may occur in cats
of any age, it is primarily a disease of aged cats with a mean of
10 to 13 years for T-cell alimentary lymphoma and 12 years for
B-cell lymphoma.#?7432,441.486:487 Alimentary/GI lymphoma can
be confined to intestinal/gastric infiltration or a combination of
intestinal, mesenteric lymph node, and hepatosplenic involve-
ment. Uncommonly, cats may be presented with extraabdominal
coinvolvement. The tumors can be solitary, but more commonly
are diffuse throughout the intestines. No consistent sex bias is
noted. Anatomically, alimentary lymphoma is nearly four times
more likely to occur in the small intestine than the large intes-
tine.“8¢ In a series of colonic neoplasia in cats, lymphoma was the
second most common malignancy (41%), second only to adeno-
carcinoma.*>” Most feline GI lymphomas can be categorized into
one of three types based on histopathology and immunohistopa-
thology: (1) low-grade alimentary lymphoma (LGAL), (2) inter-
mediate- or high-grade alimentary lymphoma (I/HGAL), and (3)
large granular lymphoma (LGL). Salient, generalizable character-
istics of each are presented in Table 33.10.

Pathology and Natural Behavior

Low-Grade Alimentary Lymphoma

It is now clear that the vast majority of LGALSs represent mucosal,
epitheliotropic, small T-cell immunophenotypes that arise primar-
ily from MALT.430:441:487-492 Thys the major differential for LGAL
is benign lymphocytic-plasmacytic enteritis (LPE; commonly
referred to as inflammatory bowel disease [IBD]), which is also
most commonly characterized by a small, T-cell, epitheliotropic
infiltration. The largest compilation of LGAL (n = 120) classified
GI lymphoma based on immunophenotype, then as either muco-
sal (infiltrate confined to mucosa and lamina propria with mini-
mal submucosal extension) or transmural (significant extension
into submucosa and muscularis propria).*®” They then compared
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Characteristics of the Three Most Common Forms of Alimentary/Gastrointestinal Lymphoma in Cats

Characteristic

Incidence

Low-Grade Alimentary Lymphoma
(LGAL)

50%—80% of cases

Intermediate-/High-Grade Alimentary
Lymphoma (I/HGAL)

~20% of cases

Large Granular Lymphoma (LGL)

~10% of cases

Clinical presenta-
tion

Nonspecific gastrointestinal signs
(anorexia, weight loss, diarrhea, inap-
petence)

Nonspecific gastrointestinal signs; vomiting
common if gastric; hematochezia more
common if large bowel

Nonspecific gastrointestinal signs;
vomiting more common

Clinical course

Indolent clinical progression

Acute clinical progression

Acute clinical progression

Abdominal palpa-
tion

Generally normal, modest intestinal thick-
ening and abdominal lymphadenopathy
possible

More common to palpate gastric/intestinal
mass, mesenteric lymphadenopathy,
organomegaly

More common to palpate gastric/intes-
tinal mass, mesenteric lymphade-
nopathy

Abdominal ultra-
sound findings

Often unremarkable; diffuse intestinal
wall thickening if present is limited to
muscularis propria /submucosa; normal
intestinal wall layering; mild lymphade-
nopathy/organomegaly possible

More commonly thickened transmural
intestinal wall; loss of normal intestinal
wall layering; mass effect more likely;
mesenteric lymphadenopathy more likely

More commonly thickened transmural
intestinal wall; loss of normal intes-
tinal wall layering; mass effect more
likely; mesenteric lymphadenopathy
more likely; effusion uncommon but
more likely

Topography?
General Cytology generally not helpful; biopsy (full Cytology (mass/lymph node) often diag- Cytology (mass/lymph node) often
diagnostics thickness preferred, but endoscopic nostic; biopsy with histopathology, immu- diagnostic; biopsy with histopathol-
helpful) with histopathology, immuno- nophenotype, and clonality analysis less ogy, immunophenotype, and clonality
phenotype, and clonality analysis often commonly required. analysis less commonly required.
helpful to differentiate from LPE
Cell size >80% small, <20% large >90% intermediate/large Intermediate/large
Immunopheno- >80% T-cell (CD3Y ~100% B-cell (CD79a*) Cytotoxic T-cell (CD3+/CD8+/CD79a"), or
type NK cell (CD3-/CD79a"); often CD103+*
and granzyme B+
Clonality >90% clonal or oligoclonal >70% clonal or oligoclonal >90% clonal or oligoclonal
WHO EATCL 90% type Il (mucosal) 90% type | (transmural) >90% type | (transmural)
classification 10% type | (transmural) 10% type Il (mucosal)

Epitheliotropism

Common

Rare

Common

Recommended Chlorambucil/prednisolone CHOP- or COP-based chemotherapy; CHOP- or COP-based chemotherapy;
treatment surgery considered if large discreet surgery considered if large discreet
lesion prechemo; surgery performed if lesion prechemo; surgery performed
obstruction/perforation if obstruction/perforation
Chemotherapy >80% response; median survival 1.5-3 ~50%—60% response (30% CR); median ~30% response; median survival 45-90
response and years survival 3—10 months; more durable if days; occasionally more durable
outcome CR

aNumbers indicate number of cases having lymphoma at that location. Areas in red indicate most commonly affected regions of the intestine.

CR, Complete response; LPE, lymphocytic-plasmacytic enteritis; WHO EATCL, World Health Organization enteropathy-associated T-cell lymphoma.

Topography diagrams used with permission from: Moore PF, Rodriguez-Bertos A, Kass PH. Feline gastrointestinal lymphoma: mucosal architecture, immunophenotype, and molecular clonality. Vet Pathol.

2012;49:658-668.
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infiltration patterns with the WHO classification scheme??? as well
as documenting anatomic location, cell size, presence of epithe-
liotropism, clonality, and outcome data. This information is sum-
marized in Table 33.10. Of the 120 cases, none tested serologically
positive for FeLV and only three cats tested positive for FIV. Four
cats had large B-cell lymphoma (gastric, cecal, or colonic) con-
current with small T-cell lymphoma of the small intestine. Topo-
graphically, T-cell variants are much more likely to occur in the
small intestine (94%) and rarely in the stomach or large intestine.
‘The majority of T-cell variants are mucosal (equivalent to WHO
enteropathy-associated T-cell lymphoma [WHO EATCL] type
1), and the majority of B-cell tumors are transmural (equivalent
to WHO EATCL type I classification). Regarding cell size, nearly
all mucosal T-cell tumors were composed of small lymphocytes,
and slightly more than half of transmural T-cell and all B-cell vari-
ants were composed of larger cells. Epitheliotropism is common
with LGAL T-cell tumors, but is rare in B-cell tumors. Other
abdominal organ involvement is common, and in one report of
29 cases of low-grade T-cell intestinal lymphoma, liver and mes-
enteric node involvement was documented in 53% and 33% of
cases, respectively.** Hepatic lymphoma can occur concurrently
with GI lymphoma or be confined solely to the liver.48%4%> Most
are T-cell and clonal or oligoclonal based on PCR analysis.

Intermediate- or High-Grade Alimentary Lymphoma
Unlike LGAL, the majority of I/HGALs are large or intermediate
sized B-cell lymphomas. They arise from organized lymphoid tis-
sues; MALT in the stomach and Peyer’s patches and mucosal lym-
phoid nodules concentrated in the distal small intestine, cecum,
and colon.430:487:488:496.497 Therefore I/HGAL is more common
in the stomach, distal small intestine, cecum, and colon (see
Table 33.10). These B-cell variants can be solitary or at multiple
sites that occur simultaneously within the stomach, small intes-
tine, and ileocecocolic junction. The majority are transmural
(equivalent to WHO EATCL type I classification) and epitheliot-
ropism is rarely observed.

Large Granular Lymphoma

LGL represents a less common, distinct form of alimen-
tary lymphoma occurring in older (median age 9-10 years)
cats.#30:438:487.497-501 These granulated round cell tumors have
also been termed globule leukocyte tumors, although they are likely
variations of the same disease. LGL is characterized by lympho-
cytes described as 12 to 20 pm in diameter with a round, clefted,
or cerebriform nucleus, variably distinct nucleoli, finely granular
to lacey chromatin, and a moderate amount of basophilic granular
cytoplasm that is occasionally vacuolated.’”® Prominent magenta
or azurophilic granules are characteristic (Fig. 7.34, Chapter 7).
They are usually granzyme B positive by immunohistochemis-
try.*8” This population of cells includes cytotoxic T cells and occa-
sionally NK cells: most are CD3*, CD8*, and CD20~ and have
T-cell receptor gene rearrangements.*®”-°°! In one report, nearly
60% expressed CD103 (integrin alpha E).>01:502 LGL was con-
fined to the intestines in 93% of cases in a large compilation, 3
but can occur extraabdominally (e.g., nasal).*3%4%% Approximately
10% express neither B- or T-cell markers and are thus classified
as NK cells. These NK tumors commonly originate in the small
intestine, especially the jejunum, are transmural, often exhibit epi-
theliotropism, and at least two-thirds present with other organs
involved; most with mesenteric lymph node involvement and
many with liver, spleen, kidney, peritoneal malignant effusions,
and bone marrow infiltration. Also, thoracic involvement may

occur with malignant pleural effusion and a mediastinal mass
present. Peripheral blood involvement was present in 10% to 15%
in some reports***°% and as often as 86% in another report.”’"
Affected cats are generally FeLV/FIV negative.

History, Clinical Signs, and Physical
Examination Findings

Low-Grade Alimentary Lymphoma

LGAL is most commonly associated with nonspecific signs associ-
ated with the GI tract; most cats present with weight loss (>80%),
vomiting and/or diarrhea (70%-90%), and hyporexia (70%-—
90%), whereas icterus is uncommon (7%).436:480.503.504 Abdomi-
nal palpation is often unremarkable, but intestinal thickening,
mesenteric lymphadenopathy, and organomegaly can occasion-
ally be appreciated. Clinical signs are usually present for several
months before diagnosis (median, 6 months).>%

Intermediate- or High-Grade Alimentary Lymphoma

I/HGAL tends to cause similar clinical signs as LGAL; however,
they tend to progress more acutely and are more likely to present
with a palpable abdominal mass originating from the GI tract,
enlarged mesenteric lymph nodes, or liver.430:439.401:490,503,505
Icterus is also more common in large cell forms. Hematochezia
and tenesmus may also be present if the colon is involved.*>”
Rarely, cats may present with signs consistent with an acute abdo-
men due to intestinal obstruction or perforation and concurrent
peritonitis.

Large Granular Lymphoma

Cats with intestinal LGL have typical GI clinical signs, but are also
more likely to be acutely presented.#3%498:500.501 A palpable abdomi-
nal mass is present in approximately half of cases, and hepatomeg-
aly, splenomegaly, and renomegaly are common. Abdominal and
pleural effusions, and icterus are observed in nearly 10% of cases.

Diagnosis and Clinical Staging

For most cats with suspect alimentary/GI lymphoma, the diagnos-
tic evaluation should include a baseline assessment consisting of
a CBC with differential cell and platelet count, serum biochem-
istry profile, urinalysis, and retroviral (FeLV/FIV) screen. Anemia
and neutrophilia are common findings in all forms of alimentary
lymphoma; however, they tend to be more profound in /HGAL
and LGL.#36:438488.498 Circulating neoplastic lymphocytes are rare
with LGAL, but may be observed in up to 15% of [/HGAL and
LGL. Serum biochemistry profiles can help establish the overall
health of the animal and suggest extra-GI involvement (e.g., liver
enzymes elevations/icterus may indicate hepatic infiltration; azo-
temia may indicate renal involvement). For cats with alimentary
lymphoma, hypoproteinemia and anemia are reported to occur in
up to 23% and 76% of cases, respectively.“0!48¢:500 Hypercalcemia
is rarely seen in cats, but has been reported in cats with lymphoma
at various anatomic sites. Hypoglycemia, hypoalbuminemia,
hyperglobulinemia, abnormal serum folate (high or low), elevated

lactate dehydrogenase (LDH), and hypocobalaminemia are often
reported. 436:438:506,507

Low-Grade Alimentary Lymphoma

LGAL must be differentiated from LPE, which have similar clini-
cal presentations and histologic cell populations.41:487-491,508
LGAL is more commonly associated with modest (or palpably



absent) intestinal thickening without mass effect similar if not
identical in presentation to LPE. The key elements necessary for
the diagnosis of LGAL (and differentiation from IBD) include
procurement of tissue for histopathology, and if necessary, assess-
ment of immunophenotype and clonality.

Abdominal ultrasound is by no means pathognomonic as
both LGAL and LPE can have normal ultrasound appearance
or reveal modest intestinal wall thickening with preservation of
wall layering,436:401:480488,508-510° Changes, if present, predomi-
nantly involves the muscularis propria and submucosal layers,
although mucosal thickening can also occur. Focal mural masses
are uncommon. Mesenteric lymphadenopathy is also common
and reported in 45% to 80% of affected cats. LGAL generally
involves the small intestine and, less commonly, the stomach and
large intestine. Cats with LGAL will uncommonly have ultraso-
nographic abnormalities in other abdominal organs such as the
stomach, liver, spleen, colon, and pancreas, and occasionally, mild
effusions are observed.

Cytologic evaluation of thickened bowel or associated mes-
enteric lymphadenopathy alone is generally not sufficient
for differentiating LGAL from LPE.%80488502 Therefore tis-
sue procurement is required for diagnosis (and differentiation
from LPE). The debate still exists as to whether endoscopically
obtained tissue is sufficient for diagnosis or if full-thickness tis-
sue procured during laparotomy or laparoscopy is necessary in
light of similarities with LPE.%30-487,491.509.511.512 Although his-
tologic morphology and intestinal infiltrative patterns (e.g., vil-
lous nests or plaques) can be highly suggestive of lymphoma,
they may not provide a definitive diagnosis. Most agree that
although full thickness biopsies are preferred, less invasive endo-
scopic biopsies, with ancillary immunophenotypic and molec-
ular (i.e., PARR; see Chapter 8) assessments, are sufficient in
the majority of cases (see Table 33.10). If the differentiation of
lymphoma and LPE is equivocal after standard histopathologic
assessment, the addition of immunophenotypic and clonality
analysis in a stepwise fashion, as proposed by several reports,
enhances specificity and sensitivity and usually provides a defini-
tive diagnosis,36:441:479.480.487.489,291,513514 A5 T.GAL most com-
monly involves the jejunum and ilium, endoscopic biopsy by
both gastroduodenoscopy and ileocolonoscopy may be necessary
to procure representative samples.

Intermediate- or High-Grade Alimentary Lymphoma
and Large Granular Lymphoma

The diagnosis of /HGAL and LGL is generally less complicated
than for LGAL.430438.488.498 The former are often diagnosed with
physical examination, abdominal imaging (e.g., ultrasound),
and cytologic or histologic assessment of needle aspirate or nee-
dle biopsy samples from intestinal masses, enlarged mesenteric
lymph nodes, or liver because mass lesions and gross lymphade-
nopathy are more commonly present. Ultrasonographically, 1/
HGAL is more likely to involve the stomach and colon than
LGAL. In a series of 16 cats with [/HGAL of the stomach, all
had either ultrasonic evidence of wall thickening or the pres-
ence of a mass, and 20% had abdominal lymphadenopathy.*3
Less commonly, abdominal exploration is necessary if lesions
are subtle or not amenable to transabdominal sampling. Fur-
ther staging via thoracic imaging, peripheral lymph node aspira-
tion, and bone marrow assessment may be performed, but rarely
contributes prognostic information or alters treatment decisions
because the disease is already widespread and systemic therapy
is required.
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Treatment and Prognosis

In general, cats tolerate chemotherapy for lymphoma quite well,
most clients are happy with their choice to initiate treatment,
and quality of life generally improves after commencement of
therapy.515:516

Low-Grade Alimentary Lymphoma

LGAL is a gratifying disease to treat as durable remissions are gen-
erally achieved with well-tolerated, conservative treatment proto-
cols (e.g., oral chlorambucil and prednisolone).*80-488504517.518
Chlorambucil (20 mg/m? PO every 2 weeks [preferred by the
author] or 2 mg PO every other day) and prednisolone (initially
1-2 mg/kg PO daily, reduced to 0.5-1.0 mg/kg every other day
over several weeks) results in response rates (i.e., resolution of
clinical signs) of greater than 80% and MSTs of approximately
1.5 to 3.0 years.#80:488,491,504,517.518 Most clinical oncologists con-
tinue these conservative protocols for 2 years or longer; however,
one report discontinued chlorambucil/prednisolone therapy at 1
year.’!” Cats that relapse while receiving this protocol often will
subsequently respond to alternative alkylating agents, such as
cyclophosphamide (200-250 mg/m?, PO, q2-3 weeks) or lomus-
tine, or to reintroduction of chlorambucil if this had been discon-
tinued.’">>17-519 Rescue protocols have reported MSTs ranging
from 9 to 29 months. Anecdotally, many will also respond to vin-
blastine chemotherapy if they no longer are responsive to alkylat-
ing agents. Ultimately, more aggressive CHOP- or MOPP-based
protocols may be utilized when more conservative protocols are
no longer effective.

Prognostic factors for cats with LGAL are not well-defined
owing to the indolent nature of the disease and typical long-term
survival. Only lack of response to initial induction chemotherapy
is consistently observed as a negative factor, although transmural
extension may also be associated with shorter STs. 48

Intermediate- or High-Grade Alimentary Lymphoma
More aggressive multiagent combination chemotherapy is recom-

mended for /HGAL and LGL subtypes of lymphoma. The agents
used most commonly to treat intermediate- or high-grade lym-
phoma in cats are similar to those used for dogs with lymphoma
(see Section A in this chapter), and induction protocols currently
employed in cats are modifications of CHOP protocols initially
designed for humans,428:438-440.488.496.498,515,520-52 CHOP rep-
resents combinations of cyclophosphamide (C), doxorubicin (H,
hydroxydaunorubicin), vincristine (O, Oncovin) and prednisone
(P). In general, CHOP-based protocols are appropriate for cats
with intermediate- and high-grade lymphoma involving any ana-
tomic site (e.g., peripheral nodal, mediastinal, and extranodal
forms), but should not be first-line therapy for low-grade variants
such as LGAL. As in the dog, a plethora of CHOP-based proto-
cols have been reported for use in cats, although virtually no high-
quality comparative data exist to compare outcomes. As such, the
protocol used should be based on cost, ease, client/veterinarian
preference, and level of comfort. One report found that cats may
better tolerate CHOP protocols that substitute vinblastine for vin-
cristine; GI adverse events were less frequent and of lesser grade in
cats receiving vinblastine.”?? The current CHOP-based protocol
in use by the author for cats is presented in Table 33.11. This pro-
tocol has been used in many cats with various forms of intermedi-
ate- and high-grade lymphoma and is generally well tolerated. At
present, most canine lymphoma protocols involve a 12- to 25-week
induction phase whereupon chemotherapy is discontinued and no
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The CHOP-Based Chemotherapy Protocol
for Cats with Intermediate/High-grade
Lymphoma Employed by the Author

TABLE 33.11

Treatment Week  Drug, Dosage, and Route

1 Vincristine, 0.5-0.7 mg/m2, IV
L-Asparaginase, 400 Units/kg, SC
Prednisolone, 2.0 mg/kg, PO

2 Cyclophosphamide 200 mg/m2, PO
Prednisolone, 2.0 mg/kg, PO

3 Vincristine, 0.5-0.7 mg/m2, IV
Prednisolone, 1.0 mg/kg, PO

4 Doxorubicin, 25 mg/m?, IV
Prednisolone, 1.0 mg/kg, PO?

6 Vincristine, 0.5-0.7 mg/m2, IV

7 Cyclophosphamide 200 mg/m2, PO

8 Vincristine, 0.5-0.7 mg/m2, IV

90 Doxorubicin, 25 mg/m?, IV

11 Vincristine, 0.5-0.7 mg/m?, IV

13 Cyclophosphamide 200 mg/m2, PO

15 Vincristine, 0.5-0.7 mg/m?, IV

17 Doxorubicin, 25 mg/m2, IV

19 Vincristine, 0.5-0.7 mg/m2, IV

21 Cyclophosphamide 200 mg/m?, PO

23 Vincristine, 0.5-0.7 mg/m2, IV

25¢ Doxorubicin, 25 mg/m2, IV

CHOP, Combinations of cyclophosphamide (C), doxorubicin (H, hydroxydaunorubicin), vincris-
tine (O, Oncovin), and prednisolone (P); /V; intravenous; PO, by mouth; SQ, subcutaneous.

Prednisolone is continued (1 mg/kg, PO) every other day from this point on.
bif in complete remission at week 9, continue to week 11.

°lf in complete remission at week 25, therapy is discontinued after this doxorubicin, and cat
is rechecked monthly for recurrence.

Note: A complete blood count (CBC) should be performed before each chemotherapy. If neu-
trophils are <1500 cells/pL, wait 57 days, repeat CBC, then administer the drug if neutro-
phils have risen above the 1500 cell/ul cutoff.

maintenance chemotherapy is used. Although data exist in dogs
for a maintenance-free approach, similar comparative data do not
currently exist in the cat. DOX alone (25 mg/m? every 3 weeks
for five total treatments), CCNU (lomustine; 40-50 mg/m? PO
q 3 weeks),*“* or palliative prednisone therapy is offered if clients
decline more aggressive CHOP-based therapy. 440-53%-531 Cats are
generally less tolerant of DOX than are dogs; therefore a lower
dosage (25 mg/m? or 1 mg/kg IV) is used (see Chapter 12). Car-
diac toxicity does not appear to be a clinically significant problem
in cats, although renal toxicity is more commonly encountered,’*?
and renal function should be monitored (i.e., serial blood urea
nitrogen [BUN], creatinine, and urine specific gravity) closely
before and during therapy. The use of COP (i.e., CHOP without
the addition of DOX) is often used in cats in Europe, and one
compilation reported similar results to CHOPR?* A COP (cyclo-
phosphamide, vincristine, and prednisolone) protocol commonly
employed in cats is presented in Table 33.12; however, several
studies have reported that the inclusion of DOX is important for

COP Protocol for Lymphoma in Cats
Drug Frequency of Drug Delivery

Cyclophosphamide: 250-300
mg/m2, PO?

Vincristine: 0.7 mg/m2, IV

Given every 3 weeks on the day after
vincristine

Given weekly on weeks 1, 2, 3, and
4, then given every 3 weeks
thereafter on the days before
cyclophosphamide. Discontinue if
in remission at 1 year.

Prednisolone: 1-2 mg/kg, PO Given daily for 1 year.

aSome divide the cyclophosphamide over 3 consecutive days.

Note: A complete blood count (CBC) should be performed before each chemotherapy. If neu-
trophils are <1500 cells/pL, wait 5-7 days, repeat CBC, then administer the drug if neutro-
phils have risen above the 1500 cell/uL cutoff.

predicting more durable responses. 46%527:534 The use of intraper-
itoneal-delivered COP in a small number of cats (7 = 26) was
reported; three-quarters achieved a CR with a MST of 1 year.’%
This study included only three GI cases and did not histologi-
cally or immunophenotypically subtype cases beyond saying all
were “large cell”; therefore larger, more controlled studies would
be necessary to establish/confirm efficacy of this protocol.

Response rates and durability of response for cats with 1/
HGAL treated with combination protocols are generally not as
good as in dogs with intermediate- or high-grade peripheral nodal
lymphoma. Remission rates of 50% to 65% can be expected with
approximately one-third achieving CR. Remission and survival
are only durable in cases achieving a CR; MSTs for cats in CR are
approximately 7 to 10 months with a subset living to 1 year or lon-
ger,139:440.488,496,520-522,520,428,515,523-528 Rescue protocols involv-
ing alternate drugs (e.g., melphalan, lomustine, mechlorethamine,
actinomycin-D, cytarabine) or reinduction with CHOP generally
do not result in durable subsequent remissions.”!?:>3¢:337

Several prognostic factors have been reported for cats with I/
HGAL; however, by far the most predictive is whether a CR is
achieved.439:440.487,488,491,496,520-522.529 Negative prognostic factors
identified for I/HGAL include transmural extension, FeLV anti-
genemia, weight loss, elevated LDH, hypoalbuminemia, hypo-
cobaliminemia, and bicavitary involvement, while stage I disease
(rare) is associated with a more favorable prognosis. Factors not
found to be prognostic were immunophenotype and various pro-

liferation indices (e.g., PCNA, AgNOR, Ki67).

Large Granular Lymphoma

Cats with LGL typically have the lowest reported response rates
and shortest response durations of any of the GI lymphomas.
Approximately one-third of cases will experience a response and
MSTs in larger reports of cases were only 21 days; cats receiving
CHOP-based or CCNU-based protocols experienced MSTs of 45
to 90 days.*38488500 That being said, a small subset (7% in this
report) enjoyed more durable (>6 month survivals) responses and,
in one small study (7 = 6), a MST of 9 months was reported after
a variety of interventions.*’8

The Role of Surgery in Cats with

Gastrointestinal Lymphoma

Surgery is primarily reserved for I/HGAL that have discrete
lesions and in cats that are presented with intestinal perforation



and obstructive lesions. 3948849 Of current debate is whether
surgery should be performed on discrete lesions that are not per-
forated or obstructed before initiating systemic chemotherapy.
This question is currently unanswered as comparative trials have
not clearly established a benefit or detriment to this approach.
The motivation behind performing surgery before chemotherapy
often lies with concern for GI perforation resulting from robust
chemotherapy response in cases with full-thickness involvement
with lymphoma. Crouse reported on 23 cats with discrete 1/
HGAL undergoing chemotherapy without surgery. Although four
cats (17%) experienced perforation, these events occurred 2 to
87 days after initiation of chemotherapy rather than in the acute
postchemotherapy period, they were not associated with size or
degree of hypoalbuminemia, and progressive disease was docu-
mented in three cats and only a partial response in the other cat at
the time of perforation.”” Taken together, this implies that per-
forations were likely due to progressive disease rather than robust
response to chemotherapy. An additional motivation for surgical
intervention is the theoretical advantage of immediate creation of
a “minimal residual disease” state if staging does not reveal disease
distant from a large GI primary tumor; chemotherapy is generally
thought to result in more favorable outcomes in the minimal dis-
ease state, rather than in the macroscopic disease state. The author
generally recommends surgery, albeit in the absence of convincing
support in the literature, if lesions are large, discrete, and no (or
minimal) involvement is documented outside the primary mass
after complete staging. Multiagent chemotherapy is then initiated
at suture removal owing to the high-grade nature and overall short

STs associated with I/HGAL.

The Role of Radiation Therapy in Cats with
Gastrointestinal Lymphoma

Radiation therapy (RT) for GI lymphoma in cats has not been
thoroughly explored and is generally reserved for consolidation
therapy (during or after chemotherapy) or as a rescue modal-
ity.3%53% In one report, 11 cats (six small cell, four large cell, and
one LGL) that progressed after chemotherapy received abdominal
radiation (8 Gy in two fractions over 2 days) and experienced a
MST of 7 months, although numbers were small and 40% were
lost to follow-up.>?® In a second report, eight cats (seven with 1/
HGAL) underwent 6 weeks of CHOP-based combination che-
motherapy followed 2 weeks later by whole abdomen radiation
consisting of 10 daily 1.5 Gy fractions.”>?>%0 Although three cats
died within 3 weeks of RT, five experienced durable remissions.
These preliminary results warrant further investigation before RT
can be recommended as standard care.

Supportive Care for Cats with Gastrointestinal

Lymphoma

Intuitively, GI disease may compromise the nutritional status of
affected cats. As such, careful and repeated assessments of nutri-
tional state, caloric intake, and body weight should be under-
taken. Nutritional support (see Chapter 16, Section B) should be
instituted sooner rather than later in affected cats. A good plan of
nutrition should help maintain or improve quality of life, immu-
nologic status, and tolerance of chemotherapy. Cobalamin sup-
plementation should be instituted in those cats with documented
hypocobalaminemia.

Peripheral Nodal Lymphoma in Cats

Involvement limited to peripheral lymph nodes is unusual in cats with
lymphoma, representing approximately 4% to 10% of cases.*?7:42
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¢ Fig. 33.14 A cat presented with mandibular lymphadenopathy that was
confirmed to be Hodgkin’s-like lymphoma after histologic assessment.

In contrast, approximately one-quarter of all other anatomic
forms of lymphoma have some component of lymph node
involvement. One-third of cats with nodal lymphoma are T-cell
immunophenotype and FeLV antigenemic; however, complete
categorizations have not occurred in the post-FeLV era and this
may no longer be true.#?7-428435,492 Peripheral nodal lymphoma
was the most common anatomic form of lymphoma reported
in a compilation of cases in cats under the age of 1 year, rep-
resenting one-third of cases in this age group.**> As lymphoma
progresses, bone marrow and hepatic infiltration may develop.
Clinical staging and diagnostic approach for peripheral lymph-
adenopathy and peripheral nodal lymphoma is similar to the dog
(see Section A of this chapter).

Cats with the nodal form of lymphoma present with variable
clinical signs depending on the extent of disease; however, they are
often depressed and lethargic. Peripheral lymphadenopathy, as the
only physical finding, is an uncommon presentation.

An uncommon and distinct form of nodal lymphoma in cats
referred to as “Hodgkin’s-like” lymphoma has been reported.”#!->4>
This form typically involves solitary or regional lymph nodes of
the head and neck (Fig. 33.14) and histologically resembles Hodg-
kin’s lymphoma in humans. Affected cats generally present with
enlargement of one or two mandibular or cervical nodes initially,
and tumors are immunophenotypically classified as T-cell-rich,
B-cell lymphoma. Histologically, lymph nodes can be effaced by
either nodular or diffuse small to large lymphocytes with char-
acteristic bizarre or multinucleated cells (Reed—Sternberg-like
cells) (Fig. 33.15). No association with FeLV or FIV has been
documented. Cats with Hodgkin’s-like nodal lymphoma usually
present without overt clinical signs.”*>*? Inguinal node, multi-
centric nodal, subcutaneous, and conjunctival involvement have
been reported.”?->%> Interestingly, in both reports of subcutane-
ous Hodgkin’s lymphoma in cats, spontaneous remissions were
observed suggesting these may not have been be true lymphoid
neoplasia.”*3>%* The clinical course of Hodgkin’s like lymphoma is
generally more indolent than for peripheral nodal non-Hodgkin’s
lymphoma in the cat.

The treatment choice for peripheral nodal lymphoma in
cats depends on whether the individual case represents a low-
grade (e.g., indolent [rare]) versus an intermediate- or high-
grade (e.g., intermediate/large cell) lymphoma; the latter are




e Fig. 33.15 Fine-needle aspirate cytology of a lymph node in a cat with
Hodgkin’s-like lymphoma. The large lymphocytes have prominent nucleoli
and smooth basophilic cytoplasm. Several binucleate lymphocytes are
present.
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best treated with CHOP- or COP-based protocols (discussed
under I/HGAL earlier) and carry a less favorable prognosis,
whereas the former generally respond to less aggressive chlo-
rambucil/corticosteroid protocols and enjoy durable responses.
Less is known regarding the treatment of Hodgkin’s-like lym-
phoma involving solitary or regional nodes of the head and
neck.”#1:%42 Clinical outcome after surgical extirpation of or
RT to the affected node (or nodes if a reasonable number) is
often associated with long-term disease control and MSTs of
approximately 1 year, suggesting that it is a more indolent form
of lymphoma. Eventual recurrence in distal nodes after surgical
excision or RT is common, and the author currently offers cli-
ents the option of adjuvant chlorambucil/corticosteroids after
surgery. This theoretically may have benefit; however, insuf-
ficient data currently exist to document a survival advantage

with this approach.

Mediastinal Lymphoma

The mediastinal form can involve the thymus and mediastinal and
sternal lymph nodes. Pleural effusion is common. In two large com-
pilations, 63% of cats with thymic disease and 17% of cats with
pleural effusion were documented as having lymphoma.>*>47
Hypercalcemia occurs frequently with mediastinal lymphoma in
dogs, but is rare in cats. The majority of cats with mediastinal lym-
phoma in older reports were young (median age, 2—4 years), FeLV
positive, and had T-cell immunophenotype tumor; however, many
reports did not report immunophenotypic data 427:428435-435,548
The disease is confined to the mediastinum in most cases. A form of
mediastinal lymphoma also occurs primarily in young, FeLV-nega-
tive Siamese cats that appears to be less biologically aggressive and
more responsive to chemotherapy than FelV-associated forms.?
In a more recent report of 55 cats with mediastinal lymphoma from
the United Kingdom, the majority were antigenically FeLV/FIV
negative, young (median age, 3 years), male (3.2:1 male-to-female
ratio), and nearly one-third were Siamese.”*® In this large cohort,
immunophenotype was not reported.

The clinical signs associated with mediastinal lymphoma
include dyspnea (80%), tachypnea, and a noncompressible cra-
nial thorax with dull heart and lung sounds.’*’ Rarely, a Horner’s
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syndrome and precaval syndrome may be observed. Pleural effu-
sion is observed in 50% of cases and characterized by serohem-
orrhagic to chylous effusion and, in most cases, neoplastic cells
(lymphoblasts) are identified.”#®>48550 Diagnostic suspicion may
begin with a noncompressible cranial thorax on physical examina-
tion and confirmation of a mediastinal mass/pleural effusion on
thoracic radiographs. Fine-needle aspirate (FNA) cytology of the
mass or cytologic evaluation of pleural fluid may be sufficient to
establish a diagnosis. In most cats, the finding of a monotonous
population of intermediate or large lymphoid cells will establish
a diagnosis; however, definitive diagnosis of lymphoma in cats
with a mediastinal mass and concurrent chylothorax can be chal-
lenging. CT appearance may be helpful, but generally does not
contribute to a definitive diagnosis. If large lymphocytes are not
identified in the pleural chylous effusion, then cholesterol and tri-
glyceride concentrations can be measured.”! In chylous effusions,
the pleural fluid triglyceride concentration will be greater than
in the serum; however, anorectic cats may have lower triglycer-
ide levels in the pleural fluid. A major differential for mediastinal
lymphoma is thymoma. The cytologic features of thymoma can be
distinct from lymphoma in many cases, but the diagnosis can be
challenging because of a preponderance of small lymphocytes in
thymoma. Mast cells can also be seen in up to 50% of aspirations
from thymomas. The addition of immunophenotypic and clonal-
ity assessment may be helpful in equivocal cases.

In the largest report, cats with mediastinal lymphoma treated
with either COP- or CHOP-based protocols experienced an over-
all response rate of 95% with a MST of 373 days (980 days if CR
was achieved).”*® In contrast, mediastinal lymphoma in young
FelV-positive cats is generally associated with a poor prognosis
and MSTs of approximately 2 to 3 months are expected after treat-
ment with CHOP- or COP-based protocols. #2824

Extranodal Lymphoma

Collectively, extranodal lymphoma represents the second most
common site of lymphoma after GI lymphoma in cats.*>! The
most common extranodal sites for lymphoma in cats include nasal
(including nasopharyngeal and sinonasal), kidney, CNS, laryngeal
and tracheal, cutaneous, subcutaneous, and ocular.

The clinical signs associated with feline extranodal lymphoma
are variable and depend on anatomic location and extent of dis-
ease. Many, if confined to the primary site (stage I), will appear
clinically healthy. However, cats with lymphoma, regardless of
site, may present with nonspecific constitutional signs including
anorexia, weight loss, lethargy, or depression. Secondary bone
marrow infiltration, although uncommon, may lead to anemia.
Signs related to parancoplastic hypercalcemia (polyuria/polydip-
sia [PU/PD]) can occur in cats, however, much less commonly
than in the dog. In one survey of hypercalcemia in cats, approxi-
mately 10% were diagnosed with lymphoma of various anatomic
types.>2

For most cats with suspected extranodal lymphoma, the diag-
nostic evaluation should include a baseline assessment consist-
ing of a CBC with differential cell count, platelet count, serum
chemistry profile, urinalysis, and retroviral (FeLV/FIV) screen.
Serum biochemistry profiles can help establish the overall health
of the animal, as well as, in some cases, suggest site-specific tumor
involvement. For example, increased liver enzymes levels may
indicate hepatic infiltration and increased BUN and creatinine
may indicate renal lymphoma. Hypoglycemia was reported in
approximately one-third of cats with lymphoma in one Australian



study.”’® In a series of cats with various anatomic forms of lym-
phoma, serum albumin concentrations were significantly lower
and B-globulin concentrations (as measured by protein elec-
trophoresis) were significantly higher than a healthy control
population.>?”

The use of various imaging modalities in cats with lymphoma
depends on the anatomic site and will be discussed in site-specific
discussions to follow.

Cytopathologic or histopathologic evaluation of involved
lymph node(s) or involved organ tissue, procured via FNA cytol-
ogy (see Chapter 7) or surgical, endoscopic, or needle-core biopsy
(see Chapter 9), is required for a definitive diagnosis. Cytology
alone may not be sufficient in some cases, owing to difficulties
encountered in distinguishing lymphoma from benign hyper-
plastic or reactive lymphoid conditions. In such cases, incisional
or excisional biopsy is preferred as orientation and information
regarding invasiveness and architectural abnormalities may be
necessary for diagnosis. In addition, involved tissue, needle aspi-
rate, and fluid samples can be further interrogated by various
histochemical, immunohistochemical, flow cytometric analysis
(e.g., size and immunophenotypic assessment), and molecular
techniques (e.g., PARR to assess clonality) to further character-
ize the disease process and refine the diagnosis in equivocal cases.
The reader is referred to Chapter 8 for a general discussion of flow
cytometric analysis and molecular diagnostic techniques, as well
as Section A of this chapter for specific applications to lymphoma.
PARR in cats is approximately 80% sensitive for the diagnosis
of lymphoma’>3; however, assessment of specificity has not been
clearly established. Clonality assessment tools (e.g., primers) for
both Ig and T-cell receptor variable region genes have been devel-
oped in cats.479:480.554-557

Assessment of tumor proliferation rates (e.g., Ki67, PCNA,
AgNOR), telomerase activity, and serum protein electrophore-
sis can also be performed on involved tissues in cats; however,
consistent prognostic value across the anatomic, histopathologic,
and immunophenotypic variants of lymphoma in cats is not well
characterized.

Thorough staging, including a bone marrow aspiration or
biopsy, peripheral lymph node assessment (clinically normal or
abnormal nodes), and thoracic and/or abdominal imaging, is indi-
cated when (1) solitary site disease is suspected (stage I) and a
decision between locoregional therapy (i.e., surgery and/or RT)
versus systemic therapy (i.e., chemotherapy) is being considered;
(2) it provides prognostic information that will help a caregiver
make treatment decisions; and (3) complete staging of the extent
of disease is required as part of a clinical trial. Bone marrow evalu-
ation may be of particular interest if anemia, cellular atypia, and/
or leukopenia are present. A WHO staging system exists for the
cat that is similar to that used in the dog (see Box 33.2); however,
because of the high incidence of visceral/extranodal involvement
in cats, a separate staging system has been evaluated and is often
used (Box 33.5).75% Because lymphoma in cats is more varied with
respect to anatomic locations, staging systems are generally less
helpful for predicting response.

Our knowledge base for treating cats with extranodal lym-
phoma is not well established, and outcomes are less predictable
than that in dogs, primarily due to the greater variation in his-
tologic type and anatomic location observed in cats. This is fur-
ther complicated by the plethora of papers that include very small
numbers of cases representing multiple anatomic/immunopheno-
typic and histologic subtypes (e.g., small cell vs large cell variants)
together when reporting survival analysis after chemotherapy.
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* BOX 33.5 | Clinical Staging System for Feline

Lymphoma

Stage 1
e Asingle tumor (extranodal) or single anatomic area (nodal)
e Includes primary intrathoracic tumors

Stage 2

e Asingle tumor (extranodal) with regional lymph node involvement

e Two or more nodal areas on the same side of the diaphragm

e Two single (extranodal) tumors with or without regional lymph node
involvement on the same side of the diaphragm

e Aresectable primary gastrointestinal tract tumor, usually in the ileocecal
area, with or without involvement of associated mesenteric nodes only

Stage 3

e Two single tumors (extranodal) on opposite sides of the diaphragm

e Two or more nodal areas above and below the diaphragm

e All extensive primary unresectable intraabdominal disease

e All paraspinal or epidural tumors, regardless of other tumor site or sites

Stage 4
e Stages 1-3 with liver and/or spleen involvement

Stage 5
e Stages 1-4 with initial involvement of CNS or bone marrow or both

This provides only general observations rather than specific out-
come information (i.e., response rate and durability of response)
that can vary significantly with respect to anatomic and histologic
subtype. Most treatment decisions should be based on assessment
of whether the individual case represents a low-grade (e.g., indo-
lent) versus an intermediate- or high-grade (e.g., large cell) lym-
phoma and whether the disease is limited to the local extranodal
site. Chemotherapy protocols for the cat have been previously
discussed under sections in GI lymphoma; low-grade tumors are
generally treated with chlorambucil/prednisolone protocols and
intermediate- or high-grade tumors with CHOP- or COP-based
protocols. Finally, much of the early work on chemotherapy pro-
tocol development for cats with lymphoma occurred during the
FeLV era and care should be exercised when applying this infor-
mation in the post-FelV era.

Nasal Lymphoma

Nasal lymphoma is the most common extranodal lymphoma in
cats.”? Tt is usually a localized disease; however, 20% have local
extension or distant metastasis at necropsy.’®’ The majority of non-
viral nasal/paranasal diseases in cats are neoplasia, and lymphoma
represents one-third to one-half of these cases.”®'>%* It occurs
primarily in older (median age, 9-10 years; range, 3—17 years),
FeLV/FIV antigenemic negative cats, and at least three-quarters
are B-cell in origin, although T-cell and mixed B-cell/T-cell immu-
nophenotypes are reported in 10% to 15% of cases.*?8:579-501.565
An Italian report documented FeLV antigen (p27 or gp70) expres-
sion in nasal lymphoma tissues by immunohistochemistry (IHC);
however, FeLV antigenemia was not reported in this cohort.’®!
Siamese cats appear overrepresented and a 2:1 male-to-female
ratio has also been observed.’©1:5%> Most are of intermediate- or
high-grade histology; however, small-cell low-grade variants have
been reported in up to 25% of some cohorts.”®*21:56 Epitheliot-
ropism is common if the epithelium is present in the biopsy.




e Fig. 33.16 Flush biopsy of nasal lymphoma. Note the large sample
(arrow) procured by retrograde flushing of saline through on nares while
occluding the contralateral nares. The sample is flushed through the phar-
ynx and out the mouth.

Cats with nasal lymphoma present with nasal discharge
(60%-85%), sneezing (20%—70%), upper respiratory noise (stri-
dor, stertor, wheezing; 20%-60%), facial deformity (0%-20%),
hyporexia (10%-60%), epiphora (10%-30%), and occasionally
increased respiratory effort and coughing.”>*->01:5% The nasal dis-
charge is usually mucopurulent, although epistaxis is present in up
to one-third of cases. Regional lymphadenopathy can also occur.
The median duration of clinical signs before diagnosis is 2 months
(range, 1-1800 days).

If nasal lymphoma is suspected, advanced imaging (CT, MRI),
rhinoscopy, and biopsy are usually necessary for diagnosis (see
Chapter 24, Section B). CT or MRI is useful to determine the
extent of involvement and to help plan biopsy procurement and RT
if that treatment option is pursued. CT characteristics include the
presence of a unilateral or bilateral nasal/sinus mass or fluid, bulla
effusion, and lysis of associated bony structures.’®!200-568 A biopsy
can be procured either by intranasal procurement (with or without
rhinoscopy) or by flushing one hemicavity with a bulb syringe and
saline while occluding the contralateral cavity and collecting sam-
ples flushed out of the nasopharynx (Fig. 33.16). Thorough staging
(i.e., regional node assessment, thoracic and abdominal staging, and
bone marrow assessment) to ensure the disease is confined to the
nasal passages is recommended if local RT without systemic chemo-
therapy is being considered. IHC may be necessary to differentiate
nasal carcinoma from nasal lymphoma in a subset of cases; approxi-
mately 7% of samples required IHC to differentiate carcinoma
from lymphoma in one large cohort of cases.”®

In one report, 38 cats with nasal lymphoma that were not
treated had MSTs of only 53 days.”®! However, in cats that are
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treated, durable remissions and lengthy MSTs can be expected
in the majority of cases.#28:502:599:565570-574 If djsease is doc-
umented to be confined to the nasal cavity (i.e., stage I) after
thorough staging, then RT is the treatment of choice. CR rates
of 75% to 95% are reported with MSTs after RT of 1.5 to 3.0
years.’®>73 Cats that do not achieve a CR with RT have an MST
of approximately 4.5 months. Total radiation dosage does affect
STs, and a total dose greater than 32 Gy is recommended. The
addition of chemotherapy to RT has not been definitively shown
to enhance STs for cats with locally confined disease; combina-
tions of RT and chemotherapy result in similar response rates
and STs.50:570.571,573.574 Chemotherapy (COP- or CHOP-based
protocols) is a reasonable alternative to RT, with CR rates of
approximately 75% and MSTs of approximately 2 years for cats
achieving CR.>> The author’s preference is to initiate systemic
chemotherapy only for cases that have confirmed disease beyond
the nasal passage, cases that relapse after RT, or cases in which RT
is unavailable or declined.

Renal Lymphoma

Renal lymphoma is the second most common form of extranodal
lymphoma, occurring in approximately one-third of cases.’>?72
Although it can present as confined to the kidneys (<25%), it
more commonly presents as concurrent with alimentary or mul-
ticentric lymphoma. The median age at presentation is 9 years,
although 6% occur in cats under 1 year of age.”*>”> The major-
ity of cases are not associated with FeLV and, although most are
not associated with FIV, approximately one-half of cats reported
in an Australian study were FIV positive. Little contemporary
information exists on the immunohistologic classification of renal
lymphoma; however, the majority are of high-grade B-cell immu-
nophenotype.#?#43> Extension to the CNS was frequent in one
report, but not similarly reported elsewhere.””

Cats with renal lymphoma present with signs consistent with
renal insufficiency: hyporexia, weight loss, and polyuria/polydip-
sia.”>?>7> On physical examination, marked renomegaly (bilateral,
lumpy, and irregular; although a smooth variant has been observed)
is palpated in the majority of cases (Fig. 33.17). Radiographic
appearance is smooth-to-irregular renomegaly (Fig. 33.17A). Ultra-
sonographic imaging usually reveals bilateral (>80%), irregular
renomegaly with hypoechoic subcapsular thickening.!>® Approxi-
mately one-third of cases will have ultrasonographic evidence of
other abdominal organ involvement. The disease is usually diffuse
throughout the renal cortex (Fig. 33.17B) and transabdominal
FNA cytology or core biopsy is diagnostic in most cases.’”®

Treatment and outcome appears similar to other high-grade
lymphomas in the cat; approximately two-thirds will experience
clinical benefit with COP- or CHOP-based protocols with MSTs
reported from 4 to 7 months. Owing to an inability to differenti-
ate how much of the renal insufficiency at presentation is lym-
phoma-related versus due to underlying renal disease of older cats,
most oncologists will start COP-based protocols and only add in
DOX if renal values normalize during remission because of the
potential for renal toxicity with DOX in cats.

CNS Lymphoma

CNS lymphoma can be intracranial, extracranial (i.e., spinal),
or both.""” CNS lymphoma accounted for 14% of 110 reported
cases of extranodal lymphoma,*®® 15% to 31% of intracranial
tumors,'>%>77 and 39% of spinal cord tumors,”’® making it one of
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e Fig. 33.17 (A) Ventrodorsal projection of a cat with real lymphoma. Massive bilateral renomegaly is
observed. (B) Necropsy specimen of a cat with bilateral renal lymphoma illustrating the diffuse cortical
nature of the disease that is most common.

the most common malignancies encoutered in the CNS in cats.’”?
Although some discordance exists in the literature, cats with CNS
lymphoma are younger (median age, 4.0-10.5 years) and 17%°%°
to 50% of cases are FeLV antigenemic.”’7>7%581 As most reports
are older, these data may no longer hold true in the current era.
Approximately two-thirds of intracranial cases also have multi-
centric and extracranial disease; and approximately 40% of spinal
lymphoma cases occur in multiple spinal cord sites with one-third
also involving intracranial locations.”>%>77-579-581 In a compila-
tion of 160 cases of intracranial tumors in cats, diffuse cerebral
and brainstem involvement was most common for lymphoid
malignancies.””” Spinal lesions are usually both extradural and
intradural, although they can be limited to one or the other com-
partment.’’8 Feline CNS lymphoma may be primary, but more
commonly (approximately 80%) represents a multicentric process
(especially with renal or bone marrow involvement).>77581-583 A
paucity of information exists on the immunophenotype of CNS
lymphoma.

Cats with CNS lymphoma can present with constitutional
signs (hyporexia, lethargy) and signs referring to intracranial
lesions, spinal lesions, or both.>77-580:582.583 n¢racranial signs may
include ataxia, altered consciousness, aggression, central blind-
ness, and vestibular abnormalities. In a study of cats with seizures,
of those diagnosed with intracranial lesions, 8% were due to lym-
phoma.>®" Clinical signs referring to spinal cord involvement may
include paresis or paraplegia (>80% with tetraparesis in 20%),
ataxia, pain, constipation, and nonspecific constitutional signs
(e.g., hyporexia, lethargy, weight loss).””®8? Neurologic examina-
tion may further reveal lower or upper motor neuron bladder, tail
flaccidity, and absent deep pain; approximately one-third of cats
will be asymmetric and most refer to thoracolumbar involvement.
The neurologic dysfunction may be insidious or progress rapidly.

In cats with suspected spinal lymphoma, survey radiographs of
the spine will rarely reveal osseous lesions. CT or MRI are preferred
and, in approximately 75% of the cases, an extradural or intradu-
ral mass will be detected.>”7579:580:582-584 Most lesions occur at a
thoracolumbar or lumbosacral location and are often multifocal.
Image-guided FNA of epidural lesions may yield a cytologic diag-
nosis. CT or MRI also reveals multifocal disease in the majority
of cats with intracranial lymphoma.’”7-%3 CSF analysis may be
helpful and could provide a definitive diagnosis in some cases.
One of 11 cats with confirmed spinal lymphoma in one study’”®
and six of 17 with confirmed intracranial lymphoma in another
study’’” had evidence of neoplastic lymphocytes in the CNS, and
an increased protein content was commonly found. Bone marrow
and renal involvement are often present, and cytologic assessment
of these or other more accessible involved organs is generally more
easily attainable than from spinal sites.

Few cases report chemotherapy treatment and outcome for
CNS lymphoma, and although an occasional case has experi-
enced durable response to systemic chemotherapy, generally fewer
than 50% will respond and MSTs of 1 to 4 months can be expec
ted.528:559:572.577.578 RT may be used and generally brisk responses
would be expected owing to the inherent radiosensitivity of lym-
phocytes. Adjuvant chemotherapy should be considered, as many
cases with CNS lymphoma have documented bone marrow or
renal involvement.>82:83

Cutaneous Lymphoma

Cutaneous lymphoma is a rarely encountered anatomic form in
the cat. It is usually seen in older cats (median age, 10.0-13.5
years) with no sex or breed predominance, and is not associated
with FeLV/FIV.>%>58¢ Cutaneous lymphoma may be solitary or
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diffuse with a varied presentation.’®>>%” In decreasing order of
likelihood, lesions may include erythematous patches, alopecia,
scaling, dermal nodules, or ulcerative plaques. Nasal hypopigmen-
tation, miliary dermatitis, and mucosal lesions are rarely observed.
Peripheral lymphadenopathy may also be present. In most cats,
the duration of signs will be prolonged, lasting several months.

Cutaneous lymphoma often affects the head and face and is
generally an indolent disease. Two forms have been distinguished
histologically and immunohistochemically. Most reports in the cat
are epitheliotropic and consist of T cells, although, unlike in dogs,
adnexal structures are often spared. A report of nonepitheliotropic
cutaneous lymphoma in cats also found 5 of 6 cases to be of T-cell
derivation.’®® “Cutaneous lymphocytosis,” an uncommon dis-
ease histologically resembling well-differentiated lymphoma, was
characterized in 23 cats.’? Solitary lesions were most common.
All were composed primarily of T cells, with two-thirds having
some B-cell aggregates. Cutaneous lymphocytosis was character-
ized as a slowly progressive disorder; however, a few cases went
on to develop internal organ infiltration. Two case reports exist
of cats with cutaneous T-cell lymphoma and circulating atypical
lymphocytes.”®?>%° The circulating cells were lymphocytes with
large, hyperchromatic, grooved nuclei, and one case was immu-
nophenotyped as a CD3/CD8 population. In humans, cutaneous
T-cell lymphoma with circulating malignant cells is termed Sézary
syndrome.

For cats suspected of cutaneous lymphoma, dermal punch
biopsies (4-8 mm) should be taken from the most representative
and infiltrative sites, while avoiding overtly infected skin lesions.
Immunophenotypic and PARR analysis are often helpful in defin-
itive diagnosis. Complete staging to rule out systemic disease is
also recommended for cats with cutaneous lymphoma, as local
therapy may be applied in cases of solitary disease.

Very little has been published regarding the treatment of cuta-
neous lymphoma in cats’®’; however, a report of a CR to lomus-
tine exists.’”! Cats with a solitary disease could theoretically be
treated with surgical excision or RT, although clinical staging is
necessary to rule out possible further systemic involvement. For
multiple sites, combination chemotherapy should be considered.

Subcutaneous Lymphoma

Recently several retrospective compilations of a subcutaneous
form of lymphoma (SC-L) have been reported.#3!-592:593 Although
these have been referred to as “cutaneous” lymphoma in some
reports, their clinical and histologic characteristics imply a SC
localization. Most affected cats are older DSH cats, and males may
be overrepresented. Overall, this appears to be an uncommon pre-
sentation, representing 0.4% of all cutaneous/SC masses submit-
ted in a report of 97 cases.”>! Retroviral (FeLV/FIV) antigenemia
is rare, although in one report of 17 cats, FeLV gp70 and/or p27
protein was expressed in the majority of tumor tissues.’”?

Cats with SC-L are presented with firm, painless SC nodules
with a predilection for lateral thoracic, lateral abdominal wall,
intrascapular, and tarsal locations (Fig. 33.18). Histologically, they
are characterized by deep SC invasion with a monomorphic round
cell population, extension into underlying tissues and overlying
superficial tissue (but not epitheliotropic), and with extensive cen-
tral necrosis and peripheral inflammation (“collaring”). Angiocen-
tricity and angioinvasion are often observed. Mitotic index ranges
from 3 to more than 25/10 HPE The round cell population has
been characterized as a large high-grade B cell in approximately
two-thirds of cases and high-grade T cell in one-third, with an
occasional NK immunophenotype reported.31:592:593

¢ Fig. 33.18 Subcutaneous lymphoma of the tarsus in a cat. (Image cour-
tesy Dr. Samuel Hocker.)

Most animals are otherwise healthy (substage ) and the dis-
ease is generally confined to the local site at presentation (stage
I), although in one report the tarsal location was associated with
regional popliteal lymph node involvement in nearly 20% of
cases.””? In two cases, concurrent feline injection-site sarcoma
(FISS) was found at other sites. SC-L has several similarities to
FISS, including clinical presentation, site of occurrence, poor
demarcation, central necrosis and peripheral inflammation,
although macrophages with phagocytized vaccine-like product has
not been observed within the inflammatory component.#3! These
similarities suggest the possibility that injection-site inflammation
may play a role in the disease etiology; however, this has not been
confirmed. Regardless, SC-L should remain an important differ-
ential in consideration of FISS.

The treatment of SC-L in the literature is varied and, as such,
a standard of care is not currently established.*3!292593 Although
the disease is initially confined to the local primary site in most
cases, recurrence after local therapy, whether surgical excision, RT,
or both, occurs in nearly half of cases and eventual distant metas-
tasis occurs in one-third of cases. Approximately 75% of affected
cats go on to die of their lymphoma; therefore SC-L should be
considered to have an aggressive biologic behavior. In the largest
report, median progression-free and overall STs after primary site
surgical removal were 101 days and 148 days respectively.’! In
the case of tarsal SC-L, even with hindlimb amputation in three
cats, regional nodal or distant involvement was documented in all
cases (at 56, 350, and 525 days), albeit durable disease-free inter-
vals were observed in two cats. In a limited number of cats treated
with RT, responses were brisk, but some progressed beyond the
radiation field. The efficacy of chemotherapy is currently not
well known; in a small number of cases receiving a variety of



¢ Fig. 33.19 (A) Lateral radiographic projection of a cat with tracheal lym-
phoma before treatment. (B) The same cat 6 weeks after initiation of
CHOP-based chemotherapy protocol.

chemotherapy protocols, although many responded or stabilized,
durability was poor and MSTs were approximately 6 months.>?
Seven cases of tarsal SC-L received chemotherapy and RT with
an MST of 216 days. Because the disease has a high recurrence
and metastatic behavior, it is likely that a multimodality approach
involving local therapy (surgery and/or RT) and systemic chemo-
therapy would intuitively provide the best outcomes.

Laryngeal/Pharyngeal/Tracheal Lymphoma

Laryngeal lymphoma comprised 10% of 110 cases of extranodal
forms in one report and represented 11% of all laryngeal disease in
the species.”>*725% It occurs in older cats (median age, 9 years),
is not associated with FellV, and may be a solitary lesion or occur
in the presence of other multicentric sites. No information on
immunophenotype is currently available. Signs associated with
this location in affected cats include dyspnea, dysphonia, stridor,
gagging or retching, and rarely, coughing.S”’594 Although itis gen-
erally localized to the primary site (stage I), approximately 25%
had regional nodal involvement in one report. The vast major-
ity of cats with laryngeal or tracheal lymphoma respond to either
RT (if localized) or systemic chemotherapy (90% CR to COP- or
CHOP-based protocols) (Fig. 33.19).728559 Whereas the author’s
experience is that most have durable responses and STs typically
approach or exceed 1 year, published reported MSTs range from
5.5 to 9.0 months after achievement of a CR.5!

Ocular Lymphoma

In a compilation of 75 cases of intraocular tumors of cats, 15
(20%) were lymphoma (seven B-cell, four T-cell and four not
evaluated).”*® It was presumed, but not proved, that the major-
ity of these were part of a systemic multicentric process. Indeed,
lymphoma was the most common metastatic cancer in the feline
eye. In 26 cats surveyed with systemic lymphoma, nearly half
had some ocular changes with uveitis being most common, fol-
lowed by exophthalmos, corneal ulceration, and chemosis.””® In a

CHAPTER 33 Hematopoietic Tumors | 7/%4<)

histologic characterization of uveitis in cats, lymphoma was diag-
nosed in approximately one-third of cases; however, whether these
were part of a systemic process or limited to the eye was unclear.”
Nearly half of these cases were documented before 1988 and
because nearly half were FelV antigenemic cats, these data likely
have little bearing on modern incidence of the disease.

Presumed solitary ocular lymphoma (PSOL) is rare in cats and
was identified in 5 of 110 cases of extranodal lymphoma in one
report.”? Cats with ocular lymphoma are presented with uveitis
or iridial masses, as well as signs related to systemic involvement
of disease.

Only sporadic reports appear in the literature with the major-
ity (approximately 75%) being B-cell immunophenotyped. One
case of LGL PSOL is documented.” Intraocular, retinal, and
conjunctival locations are reported.”®’-% Outcomes are poorly
defined in reports; those cases that underwent enucleation often
experienced long-term outcomes with STs of 6 months to 4 years
reported.

General Summary of Prognosis for Cats with
Lymphoma

As previously discussed, the prediction of outcome in cats with
lymphoma is not generalizable because of the wide spectrum of
histologic and anatomic subtypes encountered. Much has been

mentioned in the previous treatment sections, and Tables 33.9 and
33.10 summarize prognostic parameters for lymphoma in cats.

Feline Leukemias, Myeloproliferative
Disorders, and Myelodysplasia

For a complete discussion of leukemias and MPDs, including a
general discussion of hematopoiesis, etiologies, lineage classifica-
tion and descriptions, see Section C of this chapter. The classi-
fication of leukemias in cats is difficult because of the similarity
of clinical and pathologic features and the transition, overlap, or
mixture of cell types involved.®?-%%5 Most cases are from the FeLV
era and generally only single case reports exist from the more con-
temporary post-FellV era, which further confuses our understand-
ing of their biology and outcome. For this reason, only a simplistic
discussion, primarily relating to the lymphoid leukemias will be
presented here and the interested reader is again referred to Sec-
tion C of this chapter for a general discussion of nonlymphoid
leukemia.

For cats with suspected leukemia, peripheral blood assess-
ment (e.g., CBC with differential, flow cytometric analysis for
size and immunophenotype, and PARR [for lymphoid leuke-
mias]), and bone marrow aspiration or biopsy may contribute to
a diagnosis. Cats with acute leukemia are likely to have malig-
nant cellular infiltrates in organs other than bone marrow.®%?
A bone marrow aspirate with greater than 30% abnormal blast
cells is sufficient to make a diagnosis of an acute leukemia. In
cats with suspected CLL, infiltration of the bone marrow with
more than 15% mature lymphocytes helps support the diag-
nosis.’% All cats with leukemia should be tested for FeLV/FIV.
Determining the lineage of some leukemias can be challenging;
most can be distinguished by histologic appearance, histochemi-
cal stains, or immunohistochemical or flow cytometric analysis
of the leukemic cells for cellular antigens that identify their lin-
eage (see Chapter 8 and Section C of this chapter).001:605:607 In
addition, examination of blast cells by electron microscopy may
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reveal characteristic ultrastructural features. The French—Ameri-
can—British (FAB) classification system is considered useful in
cats with myelodysplastic syndromes and almost all reported
cases have been FelV antigenemic.07:008

Lymphoid Leukemia

ALL was the most commonly encountered type of leukemia in
cats in the FeLV era; however, it is much less common today. ALL
is characterized by poorly differentiated lymphoblasts and pro-
lymphocytes in blood and bone marrow. Approximately 60% to
80% of cats with ALL are FeLV positive, and most malignant cells
have T-cell immunophenotypes®®’; however, little information is
available in the contemporary literature.

CLL is rarely reported in cats and is characterized by well-dif-
ferentiated, small, mature lymphocytes in peripheral blood and
bone marrow.%00:607.610611 Tn the largest compilation, most cats
were older, half were presented incidentally, and half with nonspe-
cific constitutional signs (weight loss, hyporexia).®’® No specific
serum biochemical abnormalities were noted; however, 50% were
anemic, 10% thrombocytopenic, and all had peripheral lympho-
cyte counts of greater than 9000/uL (although this was the cutoff
required for diagnosis). All cats tested (7 = 13) were negative for
FeLV/FIV. Median peripheral lymphocyte counts were 34,200/uL
(range, 9 to >300,000/pL). Whereas most are of the T-cell lin-
eage, B-cell CLL has also been reported in cats.00%007:010.611 Ty one
report of 18 cases of CLL in cats, most were found to be T-helper

cells (CD3+/CD4+/CD8§-).0!!

Treatment of Leukemias

The use of chemotherapy to treat ALL has been disappointing.
Using COP-based protocols, a 27% CR rate has been reported.®'?

CLL can be treated with chlorambucil (0.2 mg/kg PO or 2 mg/
cat qod; alternatively, 20 mg/m? q2 weeks) and prednisolone (1
mg/kg PO daily). In 16 cats treated with chlorambucil and pred-
nisolone, approximately 90% responded with a median remission
duration of 6 months; however, half achieved CR with a median
remission duration of 14 months.®*® Several of these cats were
rescued with various protocols after recurrence, many with pro-
longed second remissions. As in humans and dogs, if significant
clinical signs or profound cytopenias are not present, treatment
can be withheld; one cat with CLL remained stable without che-
motherapy for over a year.!

‘The prognoses for feline ALLs are generally very poor, although

some exceptions exist in case report form in the historic literature.

SECTION C: CANINE ACUTE MYELOID
LEUKEMIA, MYELOPROLIFERATIVE

NEOPLASMS, AND MYELODYSPLASIA

DAVID M. VAIL AND KAREN M. YOUNG

Mpyeloproliferative disorders (MPDs) are a group of neoplastic
diseases of bone marrow in which there are clonal disorders of
hematopoietic stem cells.’> Aberrant proliferation of cells with
defective maturation and function leads to reduction of normal
hematopoiesis and invasion of other tissues. These disorders have
been classified based on biologic behavior, degree of cellular dif-
ferentiation, and lineage of the neoplastic cells (granulocytic,

¢« BOX 33.6 Key Clinical Summary Points: Myeloid

Leukemia, Myeloproliferative
Neoplasms, and Myelodysplasia

e Myeloid leukemias and myeloproliferative disorders are rare neoplastic
diseases of bone marrow in which there are clonal disorders of
hematopoietic stem cells (Table 33.13).

e (Clonal disorders of bone marrow include myeloaplasia (usually referred
to as aplastic anemia), myelodysplasia, and myeloproliferation.

e The terms acute and chronic refer to the degree of cellular
differentiation of the leukemic cells, but these terms also correlate with
the biologic behavior of the neoplasm.

e The acute myeloid leukemias (AMLS) are aggressive leukemias that
progress rapidly, are poorly responsive to treatment, and are associated
with short survival times (typically <2 months).

e [n AML, determination of the leukemic lineage (i.e., neutrophilic,
monocytic, erythroid, or megakaryocytic origin) requires advanced
diagnostic testing (cytochemical staining, flow cytometric analysis,
clonality testing, or genetic analysis).

o Myeloproliferative neoplasms (MPNs), previously termed chronic
myeloproliferative disorders, are characterized by excessive production
of differentiated bone marrow cells, resulting in the accumulation
of erythrocytes (polycythemia vera), granulocytes and/or monocytes
(chronic myelogenous leukemia and its variants), or platelets (essential
thrombocythemia).

e Because of the degree of differentiation of cells in MPNs, these
disorders must be distinguished from nonneoplastic causes of increases
in these cell types.

e Compared with AMLs, MPNs and myelodysplasias have a more chronic
course and may have better responses to therapy, although most will
progress and ultimately result in mortality.

monocytic, erythroid, megakaryocytic, or mixed). Newer classifi-
cation systems in humans have incorporated genetics and molecu-
lar genetic analysis; these are currently areas of active investigation
in the study of animal MPDs.?'4 In 1991, the Animal Leukemia
Study Group made recommendations for classifying nonlym-
phoid leukemias in dogs and cats.®'> More recently, the Oncology
Committee of the American College of Veterinary Pathologists
(ACVP) has been reexamining criteria for a classification system
and spearheading large multiinstitutional studies to validate the
criteria. Long-term objectives of these studies are to define molec-
ular lesions, establish prognostic markers, and identify effective
therapeutic approaches.®'¢ See Box 33.6.

Incidence and Risk Factors

Mpyeloid neoplasms are uncommon or rare in the dog and occur
10 times less frequently than lymphoproliferative disorders.®!”
Accurate information about incidence and other epidemiologic
information has been generally lacking owing to a lack of a consis-
tent use of a uniform classification system; however, several larger
compilations have been published recently.®'#-0?? There is no con-
sistent breed predilection; most are large-breed dogs with a median
age of 7 to 8 years, although acute myeloid leukemia (AML) can
occur in dogs as young as 7 months of age. AML occurred more
frequently in males than females (2:1 ratio) in two large compi-
lations.®'®?! In dogs, the etiology of spontaneously occurring
leukemia is unknown. It is likely that genetic and environmental
factors (including exposure to radiation, drugs, or toxic chemicals)
play a role. In humans, acquired chromosomal derangements lead
to clonal overgrowth with arrested development.®?3 Chromosomal
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e Fig. 33.20 A simplified scheme of hematopoiesis. BFU, Blast-forming units; CFU, colony-forming units;
E, erythroid; EO, eosinophil; GM, granulocytic-monocytic; MEG, megakaryocyte.

abnormalities have been reported in dogs with AML, chronic
myelogenous leukemia (CML), and lymphoid leukemia.®?4-
©2’However, because karyotyping is difficult to perform in dogs
because of the large number and morphologic similarity of their
chromosomes and their resistance to banding, defining genetic
factors in canine myeloid neoplasms has awaited application
of molecular technologies and use of the canine genome map-
ping.014020.:628-630 Certain forms of leukemia in dogs have been
produced experimentally after irradiation.*'~33 In contrast to
MPDs in cats, no causative viral agent has been demonstrated in
dogs, although retrovirus-like budding particles were observed in
the neoplastic cells of a dog with granulocytic leukemia.®3*

Pathology and Natural Behavior

A review of normal hematopoiesis will aid in understanding the
various manifestations of MPDs. Hematopoiesis is the process
of proliferation, differentiation, and maturation of stem cells
into terminally differentiated blood cells. A simplified scheme is
presented in Fig. 33.20. Pluripotent stem cells differentiate into
either lymphopoietic or hematopoietic multipotent stem cells.®3
Under the influence of specific regulatory and microenvironmen-
tal factors, multipotent stem cells in bone marrow differentiate
into progenitor cells committed to a specific hematopoietic cell

line, for example, erythroid, granulocytic-monocytic, or mega-
karyocytic. Maturation results in the production of terminally
differentiated blood cells (erythrocytes, granulocytes, monocytes,
and platelets) that are delivered to the circulation. In some cases,
as in the maturation of reticulocytes to erythrocytes, final develop-
ment may occur in the spleen.

The proliferation and differentiation of hematopoietic cells are
controlled by a group of regulatory growth factors.®3>03 Of these,
erythropoietin is the best characterized; it regulates erythroid
proliferation and differentiation and is produced in the kidney,
where changes in oxygen tension are detected. The myeloid com-
partment depends on a group of factors, collectively referred to as
colony-stimulating factors (CSFs). These factors act at the level of
the committed progenitor cells, but also influence the functional
capabilities of mature cells. Some of these factors have a broad
spectrum of activity; others are more restricted in their target
cells and actions. CSFs are produced in vitro by a multitude of
cell types, including monocytes, macrophages, lymphocytes, and
endothelial cells, and these cells likely play a role in the production
and regulation of these factors in vivo. The gene for thrombopoi-
etin also has been cloned, and it appears that this hormone alone
can induce differentiation of megakaryocytes and platelet produc-
tion.®3” Recombinant forms of many of these growth factors are
increasingly available.
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Clonal disorders of bone marrow include myeloaplasia (usually
referred to as aplastic anemia), myelodysplasia, and myeloprolifer-
ation. A preleukemic syndrome, characterized by peripheral pan-
cytopenia and bone marrow hyperplasia with maturation arrest, is
more correctly termed myelodysplasia because the syndrome does
not always progress to overt leukemia. This syndrome has been
described in cats, usually in association with FeLV infection, but
is rarely recognized in dogs.®**4! These clonal disorders may be
manifested by abnormalities in any or all lineages because hema-
topoietic cells share a common stem cell. In addition, transforma-
tion from one form to another may occur.®4?

Mpyeloid neoplasms are classified in several ways. The terms
acute and chronic refer to the degree of cellular differentiation of
the leukemic cells, but these terms also correlate with the biologic
behavior of the neoplasm.®> Disorders resulting from uncon-
trolled proliferation or decreased apoptosis of cells incapable of
maturation lead to the accumulation of poorly differentiated or
“blast” cells. These disorders are included under the umbrella term
of AML. Disorders resulting from unregulated proliferation of
cells that exhibit progressive, albeit incomplete and defective, mat-
uration lead to the accumulation of differentiated cells and thus
are called chronic disorders. These disorders are termed myelopro-
liferative neoplasms (MPN) and include polycythemia vera, CML
and its variants, essential thrombocythemia, and possibly primary
myelofibrosis. Myeloid neoplasms are further classified by the lin-
eage of the dominant cell type(s), defined by Romanowsky stains,
special cytochemical stains, ultrastructural features, flow cyto-
metric analysis, molecular genetic analysis, and immunologic cell
markers, and they have been classified into subtypes.

AML has a more sudden onset and is more clinically aggressive.
In both acute and chronic disorders, however, abnormalities in
proliferation, maturation, and functional characteristics can occur
in any hematopoietic cell line.®'? In addition, normal hematopoie-
sis is adversely affected. Animals with acute leukemias usually have
decreased numbers of circulating normal cells. The pathogenesis
of cytopenias is complex and may result in part from production
of inhibitory factors. Eventually, neoplastic cells displace normal
hematopoietic cells, termed myelophthisis. Anemia and thrombo-
cytopenia are particularly common. Neutropenia and thrombo-
cytopenia result in infection and hemorrhage, respectively, which
may be more deleterious to the animal than the primary disease
process.

Acute Myeloid Leukemia

AML is rare and is characterized by aberrant proliferation and/
or decreased apoptosis of a clone of cells without maturation.
This results in accumulation of immature blast cells in bone
marrow and peripheral blood (Fig. 33.21). The white blood cell
(WBC) count is variable and ranges from leukopenia to counts
greater than 250,000/pL. Spleen, liver, and lymph nodes are fre-
quently involved, and other tissues, including tonsils, kidney,
heart, and the CNS, may be infiltrated as well.®?! The median
age is approximately 7 to 8 years; however, young dogs may be
affected.018-021:044 The clinical course of these disorders tends to
be rapid. Production of normal peripheral blood cells is usually
diminished or absent, and anemia, neutropenia, and thrombocy-
topenia are common with infection and hemorrhage occurring as
frequent sequelae. Occasionally, neoplastic blasts are present in
bone marrow, but not in peripheral blood. This is termed aleuke-
mic leukemia, whereas subleukemic suggests a normal or decreased
WBC count with some neoplastic cells in circulation.

In 1985, the Animal Leukemia Study Group was formed
under the auspices of the American Society for Veterinary Clinical
Pathology to develop specific morphologic and cytochemical cri-
teria for classifying acute nonlymphocytic leukemias. Recognition
of specific subtypes of leukemia is required to compile accurate
and useful information about prognosis and response to treat-
ment, as well as to compare studies from different sites. In 1991
this group proposed a classification system following adaptation of
the FAB system and criteria established by the NCI Workshop.®!>
Group members examined blood and bone marrow from 49 dogs
and cats with myeloid neoplasms. Romanowsky-stained speci-
mens were examined first to identify blast cells and their percent-
ages. Lineage specificity was then determined using cytochemical
markers. The percentage of blasts and the information about lin-
eage specificity were used in combination to classify disorders as
acute undifferentiated leukemia (AUL), AML (subtypes M1-M5
and M7), and erythroleukemia with or without erythroid pre-
dominance (M6 and MG6Er). A description of these subtypes is
presented in Table 33.13.

Because the modified FAB system has been adopted only
recently, the names given to these disorders in the literature vary
considerably. In addition, in the absence of cytochemical stain-
ing, immunophenotyping, or electron microscopic evaluation,
the specific subtype of leukemia has often been uncertain, making
retrospective analysis of epidemiologic information, prognosis,
and response to therapy confusing at best. Although defining spe-
cific subtypes may seem to be an academic exercise owing to the
uniformly poor prognosis of acute leukemias, this information is
critical to improving their management. Because of the low inci-
dence of AML, national and international cooperative efforts will
be required to accumulate information on the pathogenesis and
response to different treatment modalities of specific subtypes.
Utilization of a uniform classification system is an essential first
step. Different forms of AML are demonstrated in Fig. 33.21.
With the exception of acute promyelocytic leukemia or M3, all
AML subtypes have been described in dogs. Combining three
recent compilations of 85 dogs with AML, the relative frequency
of subtypes in decreasing order were: 42% monocytic leukemia
(M5a, M5b), 33% myelomonocytic leukemia (M4), 13% myelo-
blastic leukemia without differentiation (M1), 5% megakaryo-
blastic leukemia (M7), and one each of myeloblastic leukemia
with some differentiation (M2) and erythroleukemia (M6).019-621
AML of mixed lineages comprised 5% of cases. Many single
case or small case series reports also exist describing various sub-
types in dogs.0!7:032-637.639-671 Monocytic leukemias have likely
included those with and without monocytic differentiation (M5a
and M5b),07%673 but in some cases the diagnosis may have been
chronic myelomonocytic or chronic monocytic leukemia. There
are few reports in dogs of spontaneously occurring erythroleu-
kemia (M6) in which the leukemic cells include myeloblasts,
monoblasts, and erythroid elements.®”4-¢7¢ AULs have uncertain
lineages because they are negative for all cytochemical markers.
These leukemias should be distinguished from lymphoid leuke-
mias by flow cytometric analysis of the leukemic cells for cellular
antigens that identify their lineage.®?*%’7 In addition, examina-
tion of blast cells by electron microscopy may reveal characteristic
ultrastructural features.

Canine karyotyping is difficult, but with advancements in
molecular cytogenetic analysis, chromosome painting, and
genomic hybridization, AML in dogs can now be analyzed at the
base-pair level,020:028:629 and missense mutations in f/#3, c-4it, and
ras sequences have been identified in dogs with AML, similar to
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¢ Fig. 33.21 Peripheral blood from dogs with myeloid neoplasms. All diagnoses were confirmed by cyto-
chemical staining. Note how similar the blast cells appear in A-C. (A) Acute myeloblastic leukemia (M1).
Wright’s stain, x100 objective. (B) Acute myelomonocytic leukemia (M4). Wright’s stain, x100 objective.
(C) Acute monocytic leukemia (M5a). Wright’s stain. (D) Acute monocytic leukemia (M5a). Cytochemical
stain: a-naphthyl butyrate esterase (nonspecific esterase) with red reaction product. (E) Acute monocytic
leukemia with some differentiation (M5b). Wright’s stain, x100 objective. (F) Chronic myelogenous leuke-
mia (CML). Wright’s stain, x100 objective.
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Subtypes of Leukemias and Dysplasias
Adapting the FAB System

Subtype Description

Acute Leukemias

AUL Acute undifferentiated leukemia (formerly called
reticuloendotheliosis)

M1 Myeloblastic leukemia, without differentiation

M2 Myeloblastic leukemia, with some neutrophilic
differentiation

M3 Promyelocytic leukemia (not recognized in animals)

M4 Myelomonocytic leukemia

Mba Monocytic leukemia, without differentiation

M5b Monocytic leukemia, with some monocytic dif-
ferentiation

M6 Erythroleukemia

MG6Er Variant of M6 with erythroblasts comprising ery-

throid component

M7 Megakaryoblastic leukemia

Chronic Myeloid Leukemias
CML Chronic myelogenous leukemia

CMML

Chronic myelomonocytic leukemia

CMoL Chronic monocytic leukemia

Hematopoietic Dysplasia

MDS Myelodysplastic syndrome
MDS-Er

Myelodysplastic syndrome with erythroid predomi-
nance

what has been found for human AML.®”® BCR-ABL transloca-
tion is also reported in dogs with acute myeloblastic leukemia.®”?
Recurrent DNA copy number abnormalities (CNA) have been
interrogated in 24 dogs with AML and there is potential for CNA
clustering to be used in diagnostic models.®?® In addition to serv-
ing as diagnostic and prognostic markers, cytogenetic lesions may
be therapeutic targets. As cytogenetic abnormalities continue to
be identified, this information will need to be incorporated into
classification schemes.

Myeloproliferative Neoplasms

Mpyeloproliferative neoplasms (MPNs), previously termed
chronic myeloproliferative disorders, are characterized by exces-
sive production of differentiated bone marrow cells, result-
ing in the accumulation of erythrocytes (polycythemia vera),
granulocytes and/or monocytes (CML and its variants), or
platelets (essential thrombocythemia). Primary myelofibrosis,
a clonal disorder of bone marrow stromal cells characterized
by proliferation of megakaryocytes and granulocytic precursors
with accumulation of collagen in bone marrow, has been rec-
ognized only rarely in animals. Phenotypic-driver mutations in

the JAK2, CALR, and MPL genes have been identified in people
with polycythemia vera (PV), essential thrombocythemia (ET),
and primary myelofibrosis.®®® Only JAK2 mutations have been
investigated in dogs with PV, and an identical mutation to that
in people was found in 1 of 5 cases in dogs.®®! Myelofibrosis
is considered a response to injury and may occur secondary
to other neoplasms, systemic inflammation, drug exposure, or
FelV infection in cats.

Polycythemia Vera

Polycythemia vera (PV) is a clonal disorder of stem cells,
although whether the defect is in the pluripotent stem cell
or the hematopoietic multipotent stem cell is still not clear.
The disease is rare and must be distinguished from more com-
mon causes of polycythemia. In PV, there is neoplastic pro-
liferation of the erythroid series with terminal differentiation
to RBCs. The disease has been reported in dogs that tend to
be middle-aged with no breed or sex predilection®®?-92 and
is characterized by an increased RBC mass evidenced by an
increased packed cell volume (PCV), RBC count, and hemo-
globin concentration. The PCV is typically in the range of
65% to 85%. The bone marrow is hyperplastic, although the
myeloid-to-erythroid (M:E) ratio tends to be normal. In con-
trast to the disease in humans, other cell lines do not appear
to be involved and transformation to other MPNs has not
been reported. The disease in dogs may be more appropriately
termed primary erythrocytosis. In humans, progenitor cells
have an increased sensitivity to insulin-like growth factor 1,
which stimulates hematopoiesis.®”! It is not known whether
this hypersensitivity is the primary defect or is secondary to
another gene mutation. In any case, the result is overproduc-
tion of red blood cells (RBCs). Acquired JAK2 gene mutations
are identified in 90% of humans with PV, and an identi-
cal mutation in the JAK2 gene of 1 of 5 dogs with PV was
reported.©8!

Chronic Myelogenous Leukemia

In dogs, CML is more similar to chronic neutrophilic leuke-
mia, a rare form of MPN in humans, than to CML in humans
because it is a neoplastic proliferation of the neutrophil series,
although concurrent eosinophilic and basophilic differen-
tiation can occur. CML can occur in dogs of any age.®?3-098
Neutrophils and neutrophilic precursors accumulate in bone
marrow and peripheral blood as well as in other organs. The
peripheral WBC count is usually, but not always, greater than
100,000/pL. Both immature and mature neutrophils are pres-
ent (see Fig. 33.21F). Mature forms are usually more numer-
ous, but sometimes an “uneven” left shift is present. Signs of
dysplasia may be evident, including hypersegmentation, ringed
nuclei, and giant forms. Eosinophils and basophils may also be
increased. The bone marrow is characterized by granulocytic
hyperplasia and morphologic abnormalities may not be present.
Erythroid and megakaryocytic lines may be affected, resulting
in anemia, thrombocytopenia, or less commonly, thrombocyto-
sis. This disorder must be distinguished from severe or extreme
neutrophilic leukocytosis (“leukemoid reactions”) caused by
inflammation or immune-mediated diseases. Extreme neutro-
philia can also occur as a paraneoplastic syndrome. In humans
with CML, characteristic cytogenetic abnormalities are present



in all bone marrow cells, signifying a lesion at the level of an
early multipotent stem cell. Typically, these individuals have
a chromosomal translocation, resulting in the Philadelphia
chromosome or BCR-ABL translocation between chromo-
somes 9 and 22.%% The analogous chromosomes in dogs are
chromosomes 9 and 26, and BCR—-ABL translocation, termed
the “Raleigh chromosome,” has been reported in several cases
of CML in dogs.0!4027700.701 Variants of CML are chronic
myelomonocytic leukemia and chronic monocytic leukemia
(CMoL).792-704 CMoL has also been associated with BCR-ABL
translocation in the dog.”%? These diagnoses are made based on
the percentage of monocytes in the leukemic cell population.
An infrequent myeloproliferative neoplasm, atypical chronic
myeloid leukemia, has been reported in a dog and had features
of both myelodysplastic syndrome and chronic leukemia.”’° In
this dog, BCR-ABL translocation was present in fewer than
10% of cells, considered a negative finding.

In addition to accumulating in bone marrow and periph-
eral blood, leukemic cells also are found in the red pulp of
the spleen, the periportal and sinusoidal areas of the liver,
and sometimes lymph nodes. Other organs, such as the kid-
ney, heart, and lung, are less commonly affected. In addition,
extramedullary hematopoiesis may be present in the liver and
spleen. Death is usually due to complications of infection or
hemorrhage secondary to neutrophil dysfunction and throm-
bocytopenia, respectively. In some cases, CML may terminate
in “blast crisis,” in which there is a transformation from a
predominance of well-differentiated granulocytes to excessive
numbers of poorly differentiated blast cells in peripheral blood

and bone marrow. This phenomenon is well documented in the
dog.693:696.698

Basophilic and Eosinophilic Leukemia

Basophilic leukemia, although rare, has been reported in dogs and
is characterized by an increased WBC count with a high propor-
tion of basophils in peripheral blood and bone marrow.”%-7%7
Hepatosplenomegaly, lymphadenopathy, and thrombocytosis
may be present. All the dogs have been anemic. Basophilic leu-
kemia should be distinguished from mast cell leukemia (masto-
cytosis). Whether dogs develop eosinophilic leukemia remains in
question. Reported cases have had high blood eosinophil counts
and eosinophilic infiltrates in organs.”’®7% One dog responded
well to treatment with corticosteroids. The distinction between
neoplastic proliferation of eosinophils and idiopathic hypereosin-
ophilic syndrome remains elusive. Nonmyeloproliferative disor-
ders associated with eosinophilia such as parasitism, skin diseases,
or diseases of the respiratory and GI tracts should be considered
first in an animal with eosinophilia. One distinguishing feature
should be clonality, with reactive eosinophilia comprising poly-
clonal cells and the neoplastic condition arising from a single
clone. As clonality assays become more available, this discrepancy
may be resolved.

Essential Thrombocythemia

In humans, ET, or primary thrombocytosis, is characterized by
platelet counts that are persistently greater than 600,000/pL.
There are no blast cells in circulation and marked megakaryocytic
hyperplasia of the bone marrow without myelofibrosis is pres-
ent. Thrombosis and bleeding are the most common sequelae,
and most patients have splenomegaly. Other MPDs, especially
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PV, should be ruled out, and importantly, there should be no
primary disorders associated with reactive thrombocytosis,”!’
including inflammation, hemolytic anemia, iron deficiency ane-
mia, malignancies, recovery from severe hemorrhage, rebound
from immune-mediated thrombocytopenia, and splenectomy.
In addition, certain drugs such as vincristine can induce throm-
bocytosis. ET has been recognized in dogs.®*>7!-714 In one dog,
the platelet count exceeded 4 million/uL and bizarre giant forms
with abnormal granulation were present. The bone marrow con-
tained increased numbers of megakaryocytes and megakaryo-
blasts, but circulating blast cells were not seen. Other findings
included splenomegaly, GI bleeding, and increased numbers of
circulating basophils. Causes of secondary or reactive throm-
bocytosis were ruled out.”!? Basophilia was also reported in a
more recent case.”!! In another dog, ET was diagnosed and then
progressed to CML.%*> In some cases reported in the literature
as ET, the dogs had microcytic hypochromic anemias. Because
iron deficiency anemia is associated with reactive or secondary
thrombocytosis, care must be taken to rule out this disorder.
However, spurious microcytosis may be reported if a dog has
many giant platelets that are counted by some analyzers as small
RBCs.”!? Microscopic review of the blood film may be helpful

in these cases.

Other Bone Marrow Disorders

Myelofibrosis

Primary myelofibrosis has been reported only rarely in dogs,
and myelofibrosis is more typically a secondary, or reactive, pro-
cess.”!>710 In humans, myelofibrosis is characterized by collagen
deposition in bone marrow and increased numbers of megakaryo-
cytes and granulocytic precursors, many of which exhibit mor-
phologic abnormalities. In fact, breakdown of intramedullary
megakaryocytes and subsequent release of factors that promote
fibroblast proliferation or inhibit collagen breakdown may be the
underlying pathogenesis of the fibrosis.”!” Focal osteosclerosis is
sometimes present. Anemia, thrombocytopenia, splenomegaly,
and myeloid metaplasia (production of hematopoietic cells out-
side the bone marrow) are consistent features.

In dogs, myelofibrosis occurs secondary to MPDs, radia-
tion damage, and congenital hemolytic anemias.”'®72! In
some cases, the inciting cause is unknown (idiopathic myelo-
fibrosis). There may be concurrent marrow necrosis in cases of
chrlichiosis, septicemia, or drug toxicity (estrogens, cephalo-
sporins), and there is speculation that fibroblasts proliferate in
response to release of inflammatory mediators associated with
the necrosis.”!> Myeloid metaplasia has been reported to occur
in the liver, spleen, and lung.”?! Extramedullary hematopoiesis
is ineffective in preventing or correcting the pancytopenia that
eventually develops.

Myelodysplastic Syndrome

Dysfunction of the hematopoietic system can be manifested by a
variety of abnormalities that constitute myelodysplastic syndrome
(MDS). In dogs, in which the syndrome is rare, there usually are
cytopenias in two or three lines in the peripheral blood (anemia,
neutropenia, and/or thrombocytopenia). Other blood abnormali-
ties can include macrocytic erythrocytes and metarubricytosis.
The bone marrow is typically normocellular or hypercellular, and
dysplastic changes are evident in several cell lines. If blast cells are
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present, they make up fewer than 30% of all nucleated cells,*'*
although this threshold is being changed to less than 209%.610722
Mpyelodysplasia is sometimes referred to as preleukemia because,
in some cases, it may progtess to acute leukemia.®*?-*4! Based on
reported cases, poor prognostic factors include increased percent-
age of blast cells, cytopenias involving more than one lineage,
and cellular atypia.®!® Primary MDSs are clonal disorders and are
considered neoplastic. Complex classification schemes for human
MDS, based on percentages of blasts in bone marrow, cytogenetic
analysis, cytopenias, need for transfusions, and other variables,
comprise at least nine subtypes; their applicability to veterinary
medicine is unknown.®!'” Three subtypes are proposed for dogs
and cats and include MDS with excessive blasts (MDS-EB), in
which blast percentages are greater than 5% and less than 20%,
and progression to AML may occur; MDS with refractory cytope-
nia (MDS-RC) with blast percentages less than 5% and cytopenias
in one or more lineages; and MDS with erythroid predominance
(MDS-ER) in which the M: E ratio is less than one and prognosis
is poor.°1¢ Larger studies are needed to determine the utility of this
classification scheme and other potential prognostic factors, such
as sex and age and, in cats, FeLV positivity. In addition to accu-
mulating enough cases, another confounding factor to studying
and classifying MDS is the presence of reversible MDSs that occur
secondary to immune-mediated, infectious, and other diseases in
both dogs and cats.

History and Clinical Signs

Dogs with myeloid neoplasms have similar presentations regard-
less of the specific disease entity, although animals with AML have
a more acute onset of illness and a more rapid clinical course.
A history of constitutional signs (e.g., lethargy, hyporexia, and
weight loss) is common.®'8-%?! Clinical signs include emaciation,
persistent fever, pallor, and petechiation. Peripheral lymphade-
nopathy is reported in 40% to 75% of cases and hepatospleno-
megaly in approximately 40% of cases. Shifting leg lameness,
ocular lesions, and recurrent infections are also seen. Vomiting,
diarrhea, dyspnea, and neurologic signs are variable features.
Serum biochemical analytes may be within reference intervals,
but can change if significant organ infiltration occurs. Animals
with MDS may be lethargic and anorectic and have pallor, fever,
and hepatosplenomegaly. In PV, dogs often have erythema of
mucous membranes owing to the increase in RBC mass. Some
dogs are polydipsic. In addition, neurologic signs such as disori-
entation, ataxia, or seizures may be present and are thought to be
the result of hyperviscosity or hypervolemia.®”" Hepatospleno-
megaly is usually absent.

Peripheral blood abnormalities are consistently found in more
than 90% of cases.®!>018-02! [n addition to the presence of neo-
plastic cells, other abnormalities, including bi- and pancytopenia,
may be present. Low numbers of nucleated RBCs are present in
the blood of about half the dogs with acute nonlymphocytic leuke-
mia. Nonregenerative anemia and thrombocytopenia are present
in most cases. Anemia is usually normocytic and normochromic,
although macrocytic anemia is sometimes present. Pathogenic
mechanisms include effects of inhibitory factors leading to inef-
fective hematopoiesis, myelophthisis, immune-mediated anemia
secondary to neoplasia, and hemorrhage secondary to thrombocy-
topenia, platelet dysfunction, or disseminated intravascular coag-
ulation. Anemia is most severe in AML, although both anemia
and thrombocytopenia may be milder in animals with the M5
subtype (acute monocytic leukemia). In myelofibrosis, anemia is

characterized by anisocytosis and poikilocytosis. In addition, pan-
cytopenia and leukoerythroblastosis, in which immature erythroid
and myeloid cells are in circulation, may be present. These phe-
nomena probably result from replacement of marrow by fibrous
tissue with resultant shearing of red cells and escape of imma-
ture cells normally confined to bone marrow. In PV, the PCV is
increased, usually in the range of 65% to 85%. The bone marrow
is hyperplastic and the M : E ratio is usually in the normal range.

Neoplastic cells are often defective functionally. Platelet dysfunc-
tion has been reported in a dog with acute megakaryoblastic leuke-
mia (M7)%8; and, in CML, neutrophils have decreased phagocytic
capacity and other abnormalities. One exception to this was a report
of CML in a dog in which the neutrophils had enhanced phagocytic
capacity and superoxide production.”?* The authors hypothesized
that increased synthesis of granulocyte-macrophage (GM)-CSF
resulted from a lactoferrin deficiency in the neoplastic neutrophils
and mediated the enhanced function of these cells.

Diagnostic Techniques and Workup

In all cases of myeloid neoplasms, diagnosis depends on examination
of peripheral blood and bone marrow. AML is diagnosed on the basis
of finding blast cells with clearly visible nucleoli in blood and bone
marrow. Most dogs with acute leukemia have circulating blasts. These
cells may be present in low numbers in peripheral blood, and care-
ful examination of the smear, especially at the feathered edge, should
be made. Even if blasts are not detected in circulation, indications
of bone marrow disease such as nonregenerative anemia or throm-
bocytopenia are usually present. Occasionally, neoplastic cells can
be found in CSF in animals with invasion of the CNS. Smears of
aspirates from tissues such as the lymph nodes, spleen, or liver may
contain blasts but usually contribute little to the diagnostic workup.

Examination of blasts stained with standard Romanowsky
stains may give clues as to the lineage of the cells (see Fig. 33.21A—
C, and E). In myelomonocytic leukemia, the nuclei of the blasts
are usually pleomorphic, with round to lobulated forms. In some
cells, the cytoplasm may contain large azurophilic granules or
vacuoles. Blasts in megakaryocytic leukemia may contain vacuoles
and have cytoplasmic blebs. In addition, bizarre macroplatelets
may be present. Although these distinguishing morphologic fea-
tures may suggest a definitive diagnosis, cytochemical staining,
immunophenotyping, flow cytometric analysis, clonality testing,
and genetic analysis are usually required to definitively define the
lineage of the blasts; the reader is referred to several large compi-
lations for which these methodologies have been discussed and
applied in dogs.018-021.026.671,724-726 Several investigators have
reported modification of diagnoses after cytochemical staining.
It is especially important to distinguish AML from lymphocytic
leukemia to provide accurate prognostic information to the owner
and institute appropriate therapy.

The Animal Leukemia Group has recommended the follow-
ing diagnostic criteria, summarized in Fig. 33.22.°!> Using well-
prepared Romanowsky-stained blood and bone marrow films, a
minimum of 200 cells are counted to determine the leukocyte
differential in blood and the percentage of blast cells in bone mar-
row and/or blood. In bone marrow, blast cells are calculated both
as a percentage of all nucleated cells (ANC) and nonerythroid
cells, and are further characterized using cytochemical mark-
ers.”>4725.727 Neutrophil differentiation is identified by positive
staining of blasts for peroxidase, Sudan Black B, and chloracetate
esterase. Nonspecific esterases (0-naphthyl acetate esterase or
o-naphthyl butyrate esterase), especially if they are inhibited by
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e Fig. 33.22 A scheme to classify myeloid neoplasms and myelodysplas-
tic syndromes in dogs and cats. AML, Acute myeloid leukemias M1-M5
and M7; ANC, all nucleated cells in bone marrow, including lymphocytes,
plasma cells, macrophages, and mast cells; AUL, acute undifferentiated
leukemia; Blast cells, myeloblasts, monoblasts, and megakaryoblasts;
CMIL, chronic myeloid leukemias, including chronic myelogenous, chronic
myelomonocytic, and chronic monocytic leukemias; M6, erythroleuke-
mia; M6Er, erythroleukemia with erythroid predominance; MDS, myelo-
dysplastic syndrome; MDS-Er, myelodysplastic syndrome with erythroid
predominance; NEC, nonerythroid cells in bone marrow. (Reprinted with
permission from Jain NC, Blue JT, Grindem CB, et al. Proposed criteria for
classification of acute myeloid leukemia in dogs and cats. Vet Clin Pathol.
1991;20(3):63-82.)

sodium fluoride, mark monocytes. Canine monocytes may also
contain a few peroxidase-positive granules. Acetylcholinesterase is
a marker for megakaryocytes in dogs and cats. In addition, positive
immunostaining for von Willebrand’s factor (factor VIII-related
antigen) and platelet glycoproteins on the surface of blasts iden-
tifies them as megakaryocyte precursors.048:098:059.061.605.667 Alka-
line phosphatase (ALP) only rarely marks normal cells in dogs and
cats, but is present in blasts cells in acute myeloblastic and myelo-
monocytic leukemias. However, owing to reports of ALP activ-
ity in lymphoid leukemias in dogs, its specificity as a marker for
myeloid cells is not certain. A recent study indicated that ALP was
a useful marker for the diagnosis of AML if neoplastic cells express
only CD34.72 Omega exonuclease is a specific marker for baso-
phils, which are also positive for chloracetate esterase activity.””

Blood and bone marrow differential counts and cytochemical
staining should be performed and interpreted by experienced vet-
erinary cytopathologists. If erythroid cells are less than 50% of
ANC and the blast cells are greater than 20%, a diagnosis of AML
or AUL is made. If erythroid cells are greater than 50% of ANC
and the blast cells are greater than 20%, a diagnosis of erythro-
leukemia (M6) is made. If rubriblasts are a significant proportion
of the blast cells, a diagnosis of M6Er, or erythroleukemia with
erythroid predominance, can be made. It should be noted that
in the human AML classification system, the blast threshold has
been lowered from 30% to 20%, and similar recommendations
are now made for AML in dogs and cats.

In some cases, electron microscopy is required to identify the
lineage of the blast cells. For example, megakaryocyte precursors
are positive for platelet peroxidase activity and contain demarca-
tion membranes and alpha granules.®*8:9%> Both of these features
are detected at the ultrastructural level. Increasingly, cytogenetic
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abnormalities are being identified in animal leukemias; cytoge-
netic analysis may yield important diagnostic and prognostic
information and become a valuable tool for identifying targeted
therapeutic approaches.

Although morphologic and cytochemical analyses have
formed the mainstay of cell identification, newer technologies
now are routinely used to classify leukemias by using mono-
clonal antibodies to detect antigens associated with certain cell
types. Cells can be immunophenotyped using flow cytometric
analysis or immunocytochemistry.018-021:671.677.722,729-752 Cells
from both acute lymphoid leukemia and AML are positive
for CD34. Many lymphocyte markers, including CD3, CD4,
CDS8, CD21, CD79, and IgG, are available for dogs and can
be used to rule out lymphoblastic leukemia in dogs with acute
leukemias. Other markers include myeloperoxidase (MPO) and
CD11b for myeloid cells and CD41 for megakaryoblasts. There
is some overlap in expression of these cellular antigens. For
example, canine (but not human) granulocytes express CD4. It
is highly recommended to use a panel of antibodies (similar to
using a battery of cytochemical stains) because antigens are often
expressed on multiple lineages, and lineage infidelity can occur.
These tests have become more valuable with the availability of
canine reagents. Currently, the ACVP Oncology Committee
recommends that the following immunophenotyping panel be
done on bone marrow and/or blood smears to characterize ani-
mal leukemias: for B lymphocytes, CD79a; for T lymphocytes,
CD3; for myeloid cells, MPO and CD11b; for megakaryo-
blasts, CD41; for dendritic cells, CD1c; and for acute leuke-
mias, CD34.%%? In 2 large reports of 60 cases of AML in dogs,
most were CD45/CD18/CD34 positive and, in one report, 64%
had clonal or biclonal rearrangements of either the T- or B-cell
receptor.®19-021

Because of the degree of differentiation of cells in MPN,
these disorders must be distinguished from nonneoplastic
causes of increases in these cell types. To make a diagnosis of
PV, it must first be established that the polycythemia is abso-
lute rather than relative. In relative polycythemias, plasma
volume is decreased from hemoconcentration, dehydration,
or hypovolemia, and the absolute RBC mass is not increased.
Splenic contraction can also result in relative polycythemia.
Absolute polycythemia, in which RBC mass is increased, is
usually secondary to tissue hypoxia, causing appropriately
increased production of erythropoietin. Rarely, erythropoi-
etin may be produced inappropriately by a tumor (e.g., renal
cell carcinoma) or in renal disease (pyelonephritis) or local-
ized renal hypoxia.”>3=73> These causes of polycythemia should
be eliminated by appropriate laboratory work, thoracic radio-
graphs, arterial blood gas analysis, and renal ultrasonography.
In humans with PV, plasma erythropoietin (EPO) concentra-
tions are low. EPO concentrations in dogs with PV tend to be
low or low-normal, whereas in animals with secondary absolute
polycythemia, the levels are high.”%737 Samples for determina-
tion of EPO concentrations should be taken before therapeutic
phlebotomy used to treat hyperviscosity and, owing to fluctua-
tions in EPO concentrations, should be repeated if results are
incongruous with other information.

There are no pathognomonic features of CML in dogs, and
other common causes for marked leukocytosis with a left shift
(extreme neutrophilia) and granulocytic hyperplasia of bone mar-
row must be eliminated. These include infections, especially pyo-
genic infections; immune-mediated diseases; and some neoplasms
that cause neutrophilia by elaborating CSFs. In CML, maturation
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sometimes appears disorderly, and there may be variation in the
size and shape of neutrophils at the same level of maturation. In
addition, neoplastic leukocytes may disintegrate more rapidly and
appear vacuolated.®”” Because of the invasive nature of CML,
biopsy of liver or spleen may also help distinguish true leukemia
from a leukemoid reaction, assuming the animal can tolerate the
procedure. Fluorescent in situ hybridization analysis is available
to identify chromosomal rearrangements, including translocations
(e.g., Raleigh chromosome), inversions, and deletions, in dogs;
some of these aberrations are associated with certain forms of leu-
kemia, and continued investigations will likely yield a larger data-
base of cytogenetic abnormalities and their links to hematologic
malignancies.614624-630.678.679,681,699-702

Basophilic leukemia is diagnosed by finding excessive num-
bers of basophils in circulation and in bone marrow. Basophilic
leukemia must be differentiated from mastocytosis based on the
morphology of the cell type present. Basophils have a segmented
“ribbon-like” nucleus and variably sized granules, whereas mast
cells have a round-to-oval nucleus that may be partially or totally
obscured by small, round, metachromatic-staining granules. This
distinction is usually easy to make; however, in basophilic leuke-
mia, changes in the morphology of the nucleus and granules make
the distinction less clear.”0¢

ET has been diagnosed based on finding persistent and exces-
sive thrombocytosis (>600,000/pL) without circulating blast cells
and in the absence of another MPD (e.g., PV), myelofibrosis, or
disorders known to cause secondary thrombocytosis,”!? includ-
ing iron deficiency anemia, chronic inflammatory diseases, recov-
ery from severe hemorrhage, rebound from immune-mediated
thrombocytopenia, and absence of a spleen. Thrombocytosis is
transient in these disorders or abates with resolution of the pri-
mary disease. In ET, platelet morphology may be abnormal with
bizarre giant forms and abnormal granulation.”!? In the bone
marrow, megakaryocytic hyperplasia is a consistent feature and
dysplastic changes may be evident in megakaryocytes.”!? Spurious
hyperkalemia may be present in serum samples from dogs with
thrombocytosis from any cause due to the release of potassium
from platelets during clot formation.”® Measuring potassium in
plasma is reccommended in these cases and usually demonstrates a
potassium concentration within reference interval. Platelet aggre-
gability has been variably reported as impaired’!? or enhanced.”!?
In the one dog in which it was measured, plasma thrombopoietin
(TPO) concentration was normal.”!! It is unclear whether TPO
plays a role in ET or is suppressed by the high platelet mass.

In MDS, abnormalities in two or three cell lines are usually
manifested in peripheral blood as neutropenia with or without a left
shift, nonregenerative anemia, or thrombocytopenia. Other changes
include macrocytosis and metarubricytosis. The bone marrow is typi-
cally normocellular or hypercellular with an increased M : E ratio, and
blasts cells, although increased, constitute less than 20% of nucleated
cells; in a report of 13 dogs with primary or secondary MDS, in all
but one dog the blast cell percentage was less than 20%.73% Dys-
plastic changes can be detected in any cell line. Dyserythropoiesis is
characterized by asynchronous maturation of erythroid cells typified
by large hemoglobinized cells with immature nuclei (megaloblastic
change). If the erythroid component is dominant, the MDS is called
MDS-Er (see Table 33.13).015638 In dysgranulopoiesis, giant neu-
trophil precursors and abnormalities in nuclear segmentation and
cytoplasmic granulation can be seen. Finally, dysthrombopoiesis is
characterized by giant platelets and micromegakaryocytes.

Mpyelofibrosis should be suspected in animals with nonregen-
erative anemia or pancytopenia, abnormalities in erythrocyte

morphology (especially shape), and leukoerythroblastosis. Bone
marrow aspiration is usually unsuccessful, resulting in a “dry tap.”
This necessitates a bone marrow biopsy obtained with a Jamshidi
needle.”*" The specimen is processed for routine histopathologic
examination and, if necessary, special stains for fibrous tissue can
be used. Because myelofibrosis occurs secondary to other dis-
eases of bone marrow, such as chronic hemolytic anemia or bone
marrow necrosis, the clinician should look for a primary disease
process.

The concept of clinical staging of patients with AML, MPD,
and MDS is obviously much different than that of patients with
solid tumors. As these hematologic tumors are “liquid,” that is
they involve primarily the peripheral blood and bone marrow
compartments, clinical staging is generally not performed beyond
these two compartments. Certainly, infiltration of peripheral
nodes and other organs occurs; however, documentation of their
involvement with advanced imaging or tissue aspirates does not
alter treatment or prognosis in any significant way. Two studies
have documented the proof-of-concept use of 3-T body MRI to
distinguish diffuse versus focal bone marrow and/or parenchymal
involvement of hematopoetic neoplasia; however, the clinical util-
ity of this methodology is currently unknown.”4!742

Treatment

Acute Myeloid Leukemia

Treatment of acute nonlymphocytic leukemias has been unre-
warding to date. There is limited information on the response
of specific subtypes of leukemia to uniform chemotherapeutic
protocols, in part owing to the rarity of these diseases and the
paucity of cases in the literature. Veterinarians are advised to
contact a veterinary oncologist for discussion of new protocols
and appropriate management of these cases, as novel agents
are currently in development and may become available in the
future.

The overriding therapeutic goal is to eradicate leukemic cells
and reestablish normal hematopoiesis. Currently, this is best
accomplished by cytoreductive chemotherapy and the agents most
commonly utilized include combinations of anthracyclines, such
as doxorubicin, cyclophosphamide, vincristine, 6-thioguanine,
and prednisone.©!8-020.640.644,646,707.743-746 I dogs, cytosine arabi-
noside (Ara-C), 100 to 200 mg/m?, given by slow infusion (12-24
hours) daily for 3 days and repeated weekly, has been used, as well
as several other variations using subcutaneous injections of Ara-C
(see Chapter 12). Several variations of CHOP- or COP-based
protocols (see Section A of this chapter), with or without Ara-C,
have been used as well. The overall prognosis with currently avail-
able treatment is poor. Although response rates to multiagent pro-
tocols are relatively high (50%-70%), responses are not durable
and MSTs, despite aggressive protocols, are generally 0.5 to 2.0
months.®18-020 Obviously, effective therapies for AML in dogs
await further investigation.

Regardless of the chemotherapy protocol used, significant cyto-
penias either persist or are sequela to chemotherapy, and intensive
supportive care will be necessary. Transfusions of whole blood or
platelet-rich plasma may be required to treat anemia and throm-
bocytopenia, and infection should be managed with aggressive
antibiotic therapy. Because of the generally poor response, many
clients will choose palliative supportive care; however, the acute
progression of disease does not allow for prolonged palliation in
most cases and MSTs with supportive care are generally only 1 to
2 weeks.



Polycythemia Vera

In treating PV, therapy is directed at reducing RBC mass. The
PCV should be reduced to 50% to 60% or by one-sixth of its
starting value. Phlebotomies should be performed as needed,
administering appropriate colloid and crystalloid solutions to
replace lost electrolytes; 20 mL of whole blood/kg of body weight
can be removed at regular intervals.®®” In humans, phlebotomy
continues to be the therapeutic approach used most frequently.

The chemotherapeutic drug of choice is hydroxyurea, an inhib-
itor of DNA synthesis. This drug should be administered at an
initial dose of 30 mg/kg for 10 days and then reduced to 15 mg/
kg PO daily.*”" The major goal of treatment is to maintain the
PCV as close to normal as possible. Radiophosphorus (3?P) has
been shown to provide long-term control in people with PV and
ET but has seen only limited use in veterinary medicine.””74% A
JAK?2 inhibitor, ruxolitinib (Jakafi), has been approved for second-
line use in people with PV.%8" A mutation in the JAK2 gene that
is identical to that observed in people was documented in one of
five dogs with PV®!; therefore one could speculate that oclaci-
tinib (Apoquel), which has some JAK2 inhibitory activity and is
FDA-approved for use in dogs with atopy, could have therapeu-
tic potential for PV in some dogs. This potential application for
oclacitinib has not, as yet, been investigated.

Chronic Myelogenous Leukemia

It has now been documented that a subset of CML in dogs is
associated with a BCR-ABL chromosomal abnormality (“Raleigh
chromosome”) similar to the “Philadelphia chromosome” translo-
cation responsible for a large majority of CML in humans. Ima-
tinib mesylate (Gleevec), a tyrosine kinase inhibitor, is known to
be an effective therapy for CML in humans. For dogs with CML
that have the Raleigh chromosomal abnormality, it is intuitive
that these types of drugs may have activity, and indeed tyrosine
kinase inhibitors have been investigated in dogs with BCR-ABL
translocation CML.”%! One dog with chronic monocytic leukemia
treated with toceranib (Palladia) and prednisone therapy achieved
a clinical remission (before developing progressive disease) and a
partial cytogenetic response. In addition, molecular techniques
may be used to monitor cytogenetic aberrations, such as DNA
copy number aberrations and BCR-ABL translocations, after
treatment to gauge the cytogenetic response to therapy.®””7%! The
author (DMV) and others have anecdotally used toceranib and/
or imatinib in a handful of CML cases with responses that have
lasted several months; the true activity and durability of response
with these agents in dogs awaits further investigation.

CML has also been managed with chemotherapy to control the
proliferation of the abnormal cell line and improve the quality of
life. Hydroxyurea is the most effective agent for treating CML dur-
ing the chronic phase.®?”%?074% The initial dosage is 20 to 25 mg/kg
twice daily. Treatment with hydroxyurea should continue until the
leukocyte count falls to 15,000 to 20,000 cells/uL.%4696705 Then
the dosage of hydroxyurea can be reduced by 50% on a daily basis
or to 50 mg/kg given biweekly or triweekly. In humans, the alkyl-
ating agent busulfan can be used as an alternative.””" An effective
dosage has not been established in the dog, but following human
protocols, 0.1 mg/kg/day PO is given until the leukocyte count is
reduced to 15,000 to 20,000 cells/pL. Vincristine and prednisone
therapy resulted in a short remission in one dog with CML.%%”

Despite response to chemotherapy and control for many months,
most dogs with CML will eventually enter a terminal phase of
their disease. In one study of seven dogs with CML, 4 dogs under-
went terminal phase blast crisis.®”° In humans, blast crisis may be
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lymphoid or myeloid.”>! Dogs with blast crisis have a poor progno-
sis, despite rescue with more aggressive multiagent chemotherapy.

Essential Thrombocythemia

Few cases have been reported, but one dog was treated success-
fully with a combination chemotherapy protocol that included
vincristine, Ara-C, cyclophosphamide, and prednisone.”!* Treat-
ment is controversial in humans because of the lack of evidence
that asymptomatic patients benefit from chemotherapy. Patients
with thrombosis or bleeding are given cytoreductive therapy.
Hydroxyurea is the drug of choice for initially controlling the
thrombocytosis.”!® JAK2 small molecule inhibitors have been
used in people with ET,%%" and although no studies have investi-
gated JAK2 mutations in dogs with ET, one could speculate on the
use of oclacitinib (Apoquel) in dogs. Radiophosphorus treatment
is also occasionally used in people with ET.”4

Myelodysplastic Syndrome

There is no standard therapeutic regime for MDS. Often, humans
receive no treatment if the cytopenias do not cause clinical signs.
Transfusions are given when necessary, and patients with fever
are evaluated aggressively to detect infections. Growth factors,
such as EPO, GM-CSF, G-CSEF, and IL-3, are sometimes used in
patients who require frequent transfusions to increase their blood
cell counts and enhance neutrophil function.”>7>3 In one case
report, human EPO was administered (100 U/kg SQ q48 hours)
to a dog with MDS because of profound anemia. The rationale
for use of EPO was to promote terminal differentiation of dys-
plastic erythrocytes. Human recombinant EPO should be used
with caution in animals, as anti-EPO antibodies may be induced
and target endogenous EPO. The PCV increased from 12% to
34% by day 19 of EPO treatment. This dog remained in remission
for more than 30 months.®3® Other factors that induce differen-
tiation of hematopoietic cells include retinoic acid analogs, 1,25
dihydroxyvitamin D3, interferon-a, and conventional chemo-
therapeutic agents, such as 6-thioguanine and Ara-C.”>*7°¢ The
propensity of these factors to enhance progression to leukemia is
not known in many cases, but the potential risk exists.

Prognosis

In general, the prognosis for animals with MPN is better than for
dogs with AML, in which it is grave. The prognosis for PV and
CML is guarded, but significant remissions have been achieved
with certain therapeutic regimes and careful monitoring. Animals
commonly survive a year or more.*?0714

SECTION D: MYELOMA-RELATED DISORDERS

DAVID M. VAIL

Myeloma-related disorders (MRDs) arise when a cell of the
plasma cell or immunoglobulin-producing B-lymphocyte pre-
cursor lineage transforms and proliferates to form a clonal neo-
plastic population of similar cells. This population is believed in
most instances to be monoclonal (i.e., derived from a single cell)
because they typically produce homogeneous immunoglobulin,
although some examples of biclonal and polyclonal MRD neo-
plasms exist. A wide variety of clinical syndromes are represented
by MRDs, including multiple myeloma (MM), extramedullary
plasmacytoma (EMP [both cutaneous and noncutaneous]), IgM
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» BOX 33.7 | Key Clinical Summary Points:

Myeloma-Related Disorders

e Myeloma-related disorders (MRDs) represent clonal neoplastic
populations of plasma cells.

e They include multiple myeloma (MM), extramedullary plasmacytoma
(EMP), (Waldenstrom’s) macroglobulinemia, solitary osseous
plasmacytoma (SOP), and plasma cell leukemia.

e Dogs and cats with MM are presented with a wide variety of clinical
signs (Tables 33.14, 33.15) and clinicopathologic abnormalities (Table
33.16) resulting from high levels of circulating M component, organ or
bone infiltration with neoplastic cells, or both.

e Diagnosis of MM usually follows the demonstration of bone marrow or
visceral organ plasmacytosis (Fig. 33.23), the presence of osteolytic
bone lesions (Figs. 33.25, 33.26), and the demonstration of serum or
urine myeloma proteins (M component; Fig. 33.24).

e Most (>80%) dogs with MM respond to chemotherapy (melphalan/
prednisone) and enjoy durable remissions, with median survival times of
1.510 2.5 years. Most (50%—-80%) cats also respond to chemotherapy
(cyclophosphamide/prednisolone) although the durability of response tends
to be shorter, with median survival times reported from 4 to 13 months

e Cutaneous and oral solitary EMPs are usually cured after surgical
excision.

e (Cutaneous plasmacytosis, however, is associated with multiple lesions
(10s to 100s), is a biologically aggressive disease, with treatment and
outcomes more like those for MM.

e Noncutaneous/nonoral EMPs and SOPs can be initially confined
to local sites and respond to local therapy (i.e., surgery, radiation
therapy); however, frequent rechecks are necessary, because many will
eventually progress systemically.

(Waldenstrom’s) macroglobulinemia, solitary osseous plasmacy-
toma (SOP), and Ig-secreting lymphomas and leukemias (includ-
ing plasma cell leukemia). MM is the most important MRD based
on clinical incidence and severity. There appears to be some dis-
cordance and blurring of the distinction between MM and mul-
ticentric noncutaneous EMP in cats and these two MRDs will be
discussed together in this species. See Box 33.7.

Multiple Myeloma

Incidence and Etiology

Although MM represents fewer than 1% of all malignant tumors
in animals, it is responsible for approximately 8% of all hemato-
poietic tumors and 3.6% of all primary and secondary tumors
affecting bone in dogs.””7>% In a compilation of bone marrow
disorders in dogs (7 = 717), MM represented 4.4% and 19.8%
of all abnormal samples and neoplastic processes, respectively.”
Furthermore, in a compilation of serum protein electrophoretic
samples (7 = 147 dogs), MM accounted for 4.3% of abnormal
and 28.5% of neoplastic processes encountered, respectively.”’
Several compilations have suggested a male predisposition,’®!=763
whereas others have not observed this.”>®7* Older dogs are
affected with an average age of between 9 and 10 years (range,
3-14 years).”>3701-764 Tn one large case series, German shepherd
dogs were overrepresented based on the hospital population.”®
The true incidence of MM in the cat is unknown; however, it is
a more rare diagnosis than in the dog, representing only 1 of 395
and 4 of 3248 tumors in two large compilations of feline malig-
nancies, and 0.9% of all malignancies and 1.9% of hematologic
malignancies in another report.”*>~7¢” MM represented 1.4% and

14% of abnormal and malignant serum protein electrophoretic
samples, respectively, in a compilation of 155 feline samples.”®
MM occurs in aged cats (median age 12-14 years), most com-
monly in domestic short hair cats, and no sex predilection has
been consistently reported, although a male preponderance may
exist.”04767.769-771 MM has not been associated with coronavirus,
FeLV, or FIV infections.

The etiology of MM is for the most part unknown. Genetic
predispositions, molecular aberrations (e.g., c-kif), viral infections,
chronic immune stimulation, and carcinogen exposure have all been
suggested as contributing factors.”**77>779 Suggestion of a familial
association in cats follows cases reported among siblings.””® Evi-
dence exists that molecular mechanisms of cellular control, includ-
ing overexpression of cell cycle control components like cyclin D1
(see Chapter 2), and receptor tyrosine kinase dysregulation may be
involved in canine MM and plasma cell tumors.”’477¢ In rodent
models, chronic immune stimulation and exposure to implanted
silicone gel have been associated with development of MM,778779
as have chronic infections and prolonged hyposensitization therapy
in humans.””> Viral Aleutian disease of mink results in monoclo-
nal gammopathies in a small percentage of cases.””” Exposure to
the agricultural industry, petroleum products, and irradiation are
known risk factors for development in humans.”%-782 In addition,
progression of solitary plasma cell tumors to MM has been reported
in both dogs and cats, and a single case of a B-cell lymphoma pro-
gressing to MM exists in the dog.”837%

Pathology and Natural Behavior

MM is a systemic proliferation of malignant plasma cells or their
precursors arising as a clone of a single cell that usually involves
multiple bone marrow sites in dogs. In cats, as previously stated,
a blurring of the distinction of MM and multicentric noncutane-
ous EMP within the MRD occurs because widespread abdominal
organ involvement without significant bone marrow infiltration
has been described in a proportion of cases in European com-
pilations.””!78¢ Because both MM and multicentric noncutane-
ous EMP have a similar clinical course and widespread systemic
involvement with hyperglobulinemia in cats, they will be dis-
cussed as MM in this chapter. Malignant plasma cells can have
a varied appearance on histologic sections and cytologic prepara-
tions. The degree of differentiation ranges from those resembling
normal plasma cells in late stages of differentiation (Fig. 33.23) to
very large anaplastic round cells (often referred to as plasmablasts)
with a high mitotic index representing early stages of differen-
tiation.”03764767.780 Binucleate and multinucleate cells are often
present (see Fig. 7.32, Chapter 7). In 16 cats with MM in one
case series,”®” the majority (83%) of plasma cells were immature
and had marked atypia, including increased size, multiple nuclei,
clefted nuclei, anisocytosis, anisokaryosis, variable nuclear: cyto-
plasmic ratios, decreased chromatin density, and variable nucleoli;
nearly one quarter had “flame cell” morphology characterized by
peripheral eosinophilic cytoplasmic processes.”®” However, in a
European compilation of feline multicentric noncutaneous MRD
cases (n = 17), 78% had well-differentiated morphologies.”3® The
authors of this latter case series developed a grading system depen-
dent on the percentage of plasmablasts within the neoplastic cells
in which well-differentiated, intermediate-grade, and poorly dif-
ferentiated MMs have less than 15%, 15% to 49%, and 50% or
more plasmablasts, respectively.”*® Malignant plasma cells typi-
cally produce an overabundance of a single type of or compo-
nent of immunoglobulin, which is referred to as the M component



¢ Fig. 33.23 Bone marrow aspirate from a dog with multiple myeloma
showing an overabundance of large neoplastic plasma cells with charac-
teristic paranuclear clear zone representing the Golgi apparatus (arrow).
(Dif-quick stain, x100 objective.)

Animal protein electrophoresis

T.P.:10.4 g/dL A/G 0.32
Fractions % Conc. Ref. Conc.
Albumin 24.4 254 L 2.60-4.00
Alpha 1 1.6 0.17 0.11-0.35
Alpha 2 3.0 0.31L 0.92-1.66
Beta 1 8.7 0.90H 0.22-0.61
Beta 2 7.8 0.81H 0.08-0.50
Gamma 54.5 5.67H 0.66—2.48

¢ Fig.33.24 Serum protein electrophoresis from a cat with multiple myeloma.
Stained cellulose acetate electrophoretic strip (upper right corner) with
accompanying densitogram. Note large M-component spike (representing
an IgG monoclonal gammopathy) present in the gamma region. (Courtesy
Dr. Frances Moore, Marshfield Laboratories, Marshfield, WI.)

(Fig. 33.24). The M component can be represented by any class
of the entire immunoglobulin or only a portion of the molecule,
such as the light chain (Bence Jones protein) or heavy chain (heavy
chain disease) of the molecule. In the dog, the M component is
usually represented by either IgA or IgG immunoglobulin types
in nearly equal incidence, whereas the ratio of IgG toIgA in cats
is approximately 5:1 in some reports and approximately 1:1 in
others.”>7763-767.786,788 However, in two recent compilations of
dogs with MM, including 27 dogs in which the immunoglobulin
was typed, the vast majority (78%) were of the IgA type./¢!70% If
the M component is the IgM type, the term macroglobulinemia
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(Waldenstrom’s) is often applied. Several cases of biclonal gam-
mopathy in dogs and cats have been reported,’¢!:767:770:771.789-795
and several cases of nonsecretory MM have been reported in
dogs.”0%796-798 Rarely, cryoglobulinemia occurs in dogs with MM
and IgM macroglobulinemia, and this has also been reported in a
cat with IgG myeloma.”*479-801 Cryoglobulins are paraproteins
that are insoluble at temperatures below 37°C and require blood
collection and clotting to be performed at 37°C before serum sep-
aration. If whole blood is allowed to clot at temperatures below
this, the protein precipitates in the clot and is lost. Pure light-
chain M component is rare, but has been reported in both dogs
and cats,762:802,803

The pathology associated with MM is a result of either high
levels of circulating M component, organ or bone infiltration with
neoplastic cells, or both. Associated pathologic conditions include
bone disease, bleeding diathesis, hyperviscosity syndrome (HVS),
renal disease, hypercalcemia, immunodeficiency (and subsequent
susceptibility to infections), cytopenias secondary to myelophthi-
sis, and cardiac failure.

Bone lesions can be isolated, discrete osteolytic lesions (includ-
ing pathologic fractures) (Fig. 33.25A), diffuse osteopenias, or both
(Fig. 33.26). Approximately one-quarter to two-thirds of dogs with
MM have radiographic evidence of bony lysis or diffuse osteopo-
rosis.”>7-701.763.764 The incidence of radiographic skeletal lesions in
cats varies tremendously within reports from as few as 8% in some
case series to as high as 65% in others.”®>767:770:771.788 "Those bones
engaged in active hematopoiesis are more commonly affected and
include the vertebrae, ribs, pelvis, skull, and the metaphyses of long
bones. Skeletal lesions are rare with IgM (Waldenstrém’s) macro-
globulinemia, in which malignant cells often infiltrate the spleen,
liver, and lymphoid tissue rather than bone.”¢4804:805

Bleeding diathesis can result from one or a combination of
events. M components may interfere with coagulation by (1)
inhibiting platelet aggregation and the release of platelet factor-3;
(2) causing adsorption of minor clotting proteins; (3) generat-
ing abnormal fibrin polymerization; and (4) producing a func-
tional decrease in calcium.”¢4890:807 Approximately 10% to 30%
of dogs and up to one-quarter of cats have clinical evidence of
hemorrhage.”>"761:767.770.771 Tn dogs, nearly half have abnormal
prothrombin (PT) and partial thromboplastin (PTT) times.
Thrombocytopenia may also play a role if bone marrow infiltra-
tion is significant (i.e., myelophthisis).

HVS represents one of a constellation of clinicopathologic
abnormalities resulting from greatly increased serum viscosity.
The magnitude of viscosity changes is related to the type, size,
shape, and concentration of the M component in the blood.
HVS is more common with IgM macroglobulinemia because of
the high molecular weight of this class of immunoglobulin. IgA-
secreting myelomas (IgA is usually present as a dimer in the dog)
may undergo polymerization resulting in increased serum viscos-
ity./27.704808 JgG-associated HVS can also occur, albeit less fre-
quently. High serum viscosity occurs in approximately 20% to
40% of dogs with MM and can result in bleeding diathesis, neu-
rologic signs (e.g., dementia, depression, seizure activity, coma),
ophthalmic abnormalities (e.g., dilated and tortuous retinal ves-
sels, retinal hemorrhage [Fig. 33.27], retinal detachment), and
increased cardiac workload with the potential for subsequent
development of cardiomyopathy.”>7:701.764.804.805.808-811 [p 3 ret-
rospective compilation of 83 dogs with retinal hemorrhage, 5%
were due to MM.?!2 These consequences of HVS are thought to
be a result of sludging of blood in small vessels, ineffective deliv-
ery of oxygen and nutrients, and coagulation abnormalities. HVS
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¢ Fig. 33.25 (A) Radiograph of a distal femur in a dog demonstrating severe osteolysis and a pathologic
fracture secondary to a plasma cell tumor. (B) Radiograph of the same pathologic fracture after surgical
repair with Rush rods and bone cement. Local site was treated with adjuvant radiation. The dog was con-
tinued on chemotherapy for 2 more years and did well.

¢ Fig. 33.26 (A) Lateral thoracic radiographs of a dog showing multiple expansile lytic lesions and patho-
logic fractures of the dorsal spinous processes and collapse fracture (arrow) of the third thoracic vertebral
body. (B) Lateral thoracic radiographs of a dog with diffuse osteopenia secondary to multiple myeloma.
Note the overall decreased opacity of the lumbar vertebrae and dorsal spinous processes secondary to
diffuse marrow involvement causing loss of bone trabeculae and thinning of the cortices.



¢ Fig. 33.27 Multiple retinal hemorrhages on the fundus in a cat with hyper-
viscosity syndrome secondary to multiple myeloma.

has been reported in cats with IgG-, IgA-, and IgM-secreting
tumors.”04765.813-818 T several of these cases, relative serum vis-
cosity was increased above control ranges.

Renal disease is present in approximately one-quarter to one-
half of dogs with MM, and azotemia is observed in 30% to 40%
of cats.”?7/61:763.767.769.771 'The pathogenesis of renal failure is often
multifactorial and can ensue as a result of Bence Jones (light-chain)
proteinuria, tumor infiltration into renal tissue, hypercalcemia,
amyloidosis, diminished perfusion secondary to HVS, dehydration,
or ascending urinary tract infections.”>”7¢4800:807 Normally, heavy-
and light-chain synthesis is well balanced in nonneoplastic immu-
noglobulin production. In the case of MM, an unbalanced excess
of light-chain products may be produced. Light chains are of low
molecular weight and are normally filtered by the renal glomerulus,
and their presence in urine can result in protein precipitates and
subsequent renal tubular injury. The presence of light chains in urine
without a concomitant monoclonal spike in serum, although rare, is
indicative of pure light-chain disease.?> Tubules become obstructed
by large laminated casts containing albumin, immunoglobulin,
and light chains. Bence Jones proteinuria occurs in approximately
25% to 40% of dogs with MM.7>7763764 Bence Jones protein-
uria is reported to occur in approximately 40% of cats with MM/
MRD.”7768 Hypercalcemia is reported in 15% to 50% of dogs
with MM and is thought to result primarily from the production of
osteoclast-activating factor by neoplastic cells.”>7-701:762764819 Qther
factors, including increased levels of various cytokines, TNF-a, IL-1,
and IL-6, have been implicated in human MM. In two dogs with
MM and hypercalcemia, serum elevations in circulating N-terminal
parathyroid hormone-related peptide were noted.®?* Hypercalcemia
may also be exacerbated by associated renal disease. Hypercalcemia,
initially thought to be a rare event in cats with MM, occurred in
10% to 25% of recently reported cases.”¢7-769-771.821

Susceptibility to infection and immunodeficiency have long
been associated with MM and are often the ultimate cause of
death in affected animals.”>”70478% Infection rates in humans
with MM are 15 times higher than normal and usually present as
pneumonia or urinary tract infections.®?> Response to vaccination
has also been shown to be suppressed in humans with MM.822
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“Normal” immunoglobulin concentrations are often severely
depressed in affected animals.”** In addition, leukopenia may be
present secondary to myelophthisis. Reports of multiple concur-
rent infections in both dogs and cats affected with MM exist and,
in one dog with several concurrent infections, a polyclonal and a
monoclonal gammopathy existed pretreatment, with the former
persisting after successful treatment of the myeloma.”’?773

Variable cytopenias may be observed in association with
MM. A normocytic, normochromic, nonregenerative anemia is
encountered in approximately one-half to two-thirds of dogs with
MM.757:761-764 "This can result from marrow infiltration (myelo-
phthisis), blood loss from coagulation disorders, anemia of chronic
disease, or increased erythrocyte destruction secondary to high
serum viscosity. Rare erythrophagocytic forms of MM have also
been reported in both dogs and cats and may contribute to ane-
mia.??3-8%5 Similar factors lead to thrombocytopenia and leukope-
nia in 30% and 80% of dogs with MM, respectively; and in cats,
approximately two-thirds, one-half, and one-third will be anemic,
thrombocytopenic, and neutropenic, respectively.”¢!:762767.769-771

Cardiac disease, if present, is usually a result of excessive cardiac
workload and myocardial hypoxia secondary to hyperviscosity.
Myocardial infiltration with amyloid and anemia may be com-
plicating factors. Nearly one-half of cats with MM in two reports
presented with a cardiac murmur, the etiology of which was not
established.””7 Three cats with HVS presented with congestive
heart failure, murmurs, and echocardiographic signs consistent
with hypertrophic cardiomyopathy.®!?

History and Clinical Signs

Clinical signs of MM may be present up to a year before diagnosis
with a median duration of 1 month reported in dogs.”””/%4 In
one cat, M-component elevations were detected 9 years before
clinical presentation.”®” In this latter case, the M-component
elevation was consistent with monoclonal gammopathy of
unknown significance (MGUS). MGUS (i.e., benign, essential,
or idiopathic monoclonal gammopathy) is a benign monoclonal
gammopathy that is not associated with osteolysis, bone marrow
infiltration, or Bence Jones proteinuria. MGUS has also been
reported in dogs.®>>%27 Signs of MM can be variable based on
the wide range of pathologic effects possible. Tables 33.14 and
33.15 list the relative frequencies of clinical signs observed in the
dog and cat, respectively, based on a compilation of several rep
orts.”>7:701,762,764,767,769-771,788 Bleeding diathesis is usually rep-
resented by epistaxis and gingival bleeding. Funduscopic abnor-
malities may include retinal hemorrhage (see Fig. 33.27), venous
dilatation with sacculation and tortuosity, retinal detachment,
and blindness.”>7-701:6:764769.771.808-812 CNS signs may include
dementia, seizure activity, tremors, and deficiencies in midbrain
or brainstem localizing reflexes secondary to HVS or extreme
hypercalcemia. Signs reflective of transverse myelopathies second-
ary to vertebral column infiltration, pathologic fracture, or extra-
dural mass compression can also occur.”>7704799.:828:829 One case
of ataxia and seizure activity in a dog with EMP secondary to
tumor-associated hypoglycemia has been reported.®*° In addition,
paraneoplastic polyneuropathy has been reported in a dog with
MM.#1 A history of chronic respiratory infections and persis-
tent fever may also be present in cats. Hepatosplenomegaly and
renomegaly can occur due to organ infiltration. Bleeding diathesis
due to HVS is less common in the cat; however, epistaxis, pleu-
ral and peritoneal hemorrhagic effusions, retinal hemorrhage,
and central neurologic signs have been reported in both dogs
and cats.”01,7047605.769.813-818 Polydipsia and polyuria can occur
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Frequency of Clinical Signs Reported

for Dogs with Multiple Myeloma
(n =1 12)757,761,762
Clinical Sign Frequency Reported (%)

Lethargy and weakness 58

Inappetence and weight loss 36

Lameness 35

Bleeding diathesis 28

Funduscopic/ocular abnor- 32
malities

Polyuria/polydipsia 30

CNS deficits 8

CNS, Central nervous system.

Approximate Frequency of Clinical Signs
Reported for Cats with Myeloma-Related

Disorders (n = 68)764.767,769-771,788

Clinical Sign Frequency Range Reported (%)
Lethargy and weakness 40-100

Anorexia 33-100

Pallor 30-100

Polyuria/polydipsia 13-40

Vomiting/diarrhea 10-30

Dehydration 20-33

Palpable organomegaly 20-25

Lameness 7-25

Heart murmur 0-45

Hind limb paresis/paralysis 0-45

Bleeding diathesis 0-40

CNS signs 13-30

Concurrent cutaneous 0-30
plasma cell tumor

Fundic/ocular changes 13-33

Lymphadenopathy 0-10

CNS, Central nervous system.

secondary to renal disease or hypercalcemia, and dehydration may
develop. Hindlimb paresis secondary to osteolysis and instability
of lumbar vertebral bodies or extradural compression has been
reported in cats.”/%-832

Diagnosis and Staging

The diagnosis of MM in dogs usually follows the demonstra-
tion of bone marrow plasmacytosis (see Fig. 33.23), the presence
of osteolytic bone lesions (see Figs. 33.25 and 33.26), and the

¢ Fig. 33.28 Necropsy specimen of a spleen from a cat with multiple
myeloma showing diffuse plasma cell infiltration.

demonstration of serum or urine myeloma proteins (M compo-
nent) (see Fig. 33.24). In the absence of osteolytic bone lesions,
a diagnosis can also be made if marrow plasmacytosis is associ-
ated with a progressive increase in the M-component or if plasma
cell clonality (e.g., PARR) is documented. In the cat, because
the degree of bone marrow infiltration may not be as marked, it
has been suggested that consideration of plasma cell morphology
and visceral organ infiltration (Fig. 33.28) be given in cases with
demonstrable M-component disease in the absence of marked
(<20%) marrow plasmacytosis.”/-771-786

All animals suspected of plasma cell tumors should receive a
minimal diagnostic evaluation including a CBC, platelet count,
ionized calcium, serum biochemistry profile, and urinalysis. Partic-
ular attention should be paid to renal function and serum calcium
levels. If clinical hemorrhage is present, a coagulation assessment
(e.g., platelet count, PT, PTT) and serum viscosity measurements
are indicated. All animals should undergo a careful funduscopic
examination. Serum electrophoresis and immunoelectropho-
resis are performed to determine the presence of a monoclonal
M-component (see Fig. 33.24) and to categorize the immuno-
globulin class involved. Heat precipitation and electrophoresis of
urine may be performed to determine presence of Bence Jones
proteinuria because commercial urine dipstick methods are not
capable of this determination. Definitive diagnosis usually fol-
lows the performance of a bone marrow aspiration in the dog. A
bone marrow core biopsy or multiple aspirations may be necessary
because of the possibility of uneven clustering or infiltration of
plasma cells in the bone marrow. Normal marrow contains less
than 5% plasma cells, whereas myelomatous marrow often greatly
exceeds this level. Current recommendations require more than
20% marrow plasmacytosis to be present, although a 10% cutoff
in cats has been recently recommended with special attention to
cellular atypia.”®” Even the 10% threshold may be problematic in
cats, and cellular atypia and visceral organ involvement (assessed
through needle aspiration cytology or tissue biopsy) should be
considered equally important in this species.”®””/178¢ Rarely,
biopsy of osteolytic lesions (i.e., Jamshidi core biopsy; see Chap-
ter 25) is necessary for diagnosis in the dog. In one case of MM
in a dog, splenic aspirates were diagnostically helpful.#3?> Overall
frequencies of clinical diagnostic abnormalities for dogs and cats
with MM are compiled from published series having at least five
cases each and are listed in Table 33.16.

Immunohistochemical and Molecular Diagnostics

Histochemical and IHC analyses of cells or tissues suspected of
MRD are more often applied in the case of solitary plasmacytomas
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Approximate Frequency of Clinical Diagnostic Abnormalities for Dogs and Cats with Multiple
Myeloma (n = 68 cats, 134 dogs)757.761.762.764,767,769-771,788

FREQUENCY RANGE REPORTED (%)

Abnormality Dogs Cats
Increased M component 99 94-98
Monoclonal 95 77-100
Biclonal 5%? 16-23
IgG 40 84
IgA 60 16
Noncutaneous extramedullary extension NR 65-100°
Marrow plasmacytosis (>10%) 100 50-100
Complete blood count (CBC) abnormalities
Anemia (nonregenerative) 61 50-80
Thrombocytopenia 39 50
Neutropenia 26 37
Circulating plasma cells (leukemia) 7 5-25
Hypoalbuminemia 62 36-60
Hypocholesterolemia NR 68
Proteinuria 45 71-91
Bence Jones proteinuria 38 40-59
Bone lysis 64 5-45
Serum hyperviscosity 35 35-44
Azotemia 29 22-40
Hypercalcemia 27 10-25
Increased activities of liver enzymes NR 43-50

aSeveral single case reports exist for biclonal gammopathy in dogs with MM.
P11 of 11 in one report had evidence of infiltration in either spleen, lymph node, or liver.
NR, Not reported.

or where EMP is suspected in the absence of marrow involvement
and will be discussed in subsequent sections; however, they have
been occasionally useful in the diagnosis of MM. Molecular diag-
nostic techniques for MM have received limited use thus far in
veterinary oncology; however, determining clonality of the immu-
noglobulin heavy chain variable region gene has been performed
in feline and canine plasmacytoma and myeloma using PARR
techniques (see Chapter 8),70%83% and use of this technology in
cases where diagnosis is not straightforward is expanding. The
author has used PARR analysis both before treatment and after
clinical remission in a small number of dogs with MM involved
in clinical trials and documented its utility for (1) initial diagnosis
and (2) to characterize molecular remission.”®?

Imaging

Routine thoracic and abdominal radiographs are recommended
in suspected cases. Occasionally, bony lesions can be observed in
skeletal areas on these standard films, and organomegaly (liver,
spleen, kidney) is observed in the majority of cats.”¢7-769771
Abdominal ultrasound is recommended in all cats suspected of

MM because this modality reveals involvement of one or more
abdominal organs in the majority of cases. These include spleno-
megaly with or without nodules, diffuse hyperechoic hepatomeg-
aly with or without nodules, renomegaly, and iliac lymph node
enlargement. In one case series in cats with MM, 85% of organs
with ultrasonographic abnormalities were subsequently confirmed
to have plasma cell infiltration.””! Skeletal survey radiographs are
recommended to determine presence and extent of osteolytic
lesions, which may have diagnostic, prognostic, and therapeutic
implications. Although nuclear scintigraphy (bone scan) for clini-
cal staging of dogs with MM has been performed, because of the
predominant osteolytic activity with osteoblastic inactivity pres-
ent, scans seldom give positive results and are therefore not useful
for routine diagnosis.**> In physician-based oncology, bone min-
eral density analysis (dual-energy x-ray absorptiometry [DEXA]
scan) to document osteoporosis, MRI of bone marrow, and PET/
CT are commonly used for staging; however, these modalities have
not been applied consistently in the veterinary literature. A clini-
cal staging system for canine MM has been suggested’>’; however,
at present, no prognostic significance has been attributed to it.
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Differential Diagnosis of MM

Disease syndromes other than plasma cell tumors can be associ-
ated with monoclonal gammopathies and should be considered
in any list of differentials. These include other lymphoreticular
tumors (B-cell lymphoma, extramedullary plasmacytoma, and
chronic and acute B-lymphocytic leukemia), chronic infections

(e.g., ehrlichiosis, leishmaniasis, feline infectious peritonitis), and
MGUS.763.767,826,71,836-839

Treatment

Initial Therapy of Multiple Myeloma

Therapy for MM is directed at both the tumor cell mass and the
secondary systemic effects they elicit. With the exception of treat-
ing life-threatening sequelae (e.g., marked hypercalcemia, infec-
tion, renal failure), all diagnostic procedures to confirm MM
should be completed before initiating primary therapy to ensure a
diagnosis is confirmed and baseline values are procured for moni-
toring response. Chemotherapy is effective at reducing malignant
cell burden, relieving bone pain, allowing for skeletal healing, and
reducing levels of serum immunoglobulins in the majority of dogs
with MM, and will greatly extend both the quality and quantity of
most patients’ lives. MM in dogs is initially a gratifying disease to
treat for both the clinician and the companion animal caregiver as
durable remissions are the norm, although complete elimination
of neoplastic myeloma cells is rarely achieved and eventual relapse
is to be expected. Although most cats with MM will also initially
respond to chemotherapy, overall response rates and durability of
response and overall survival times are generally not as high nor as
durable as in the dog; although a more recent compilation of 15
cats had a more favorable response to chemotherapy (see Progno-
sis section to follow).”¢?

Melphalan, an alkylating agent, is the chemotherapeutic of
choice for the treatment of multiple myeloma in the dog.”>7-701.704
Two different melphalan protocols can be used. A continuous
daily dosing regimen has been historically used in the dog with
an initial starting dose of 0.1 mg/kg PO, once daily for 10 days,
which is then reduced to 0.05 mg/kg PO, once daily continuously.
The author prefers a pulse-dose protocol that was recently shown
to result in statistically similar (albeit numerically superior) efhi-
cacy and with a similar adverse event profile.”! The pulse-dosing
regimen uses melphalan at 7 mg/m? PO, daily for 5 consecutive
days every 3 weeks. This protocol also has the advantage of requir-
ing the caregiver to administer fewer treatments with less overall
exposure to chemotherapy during delivery and in body fluids.
This protocol has been used successfully by the author in a small
number of cases in which myelosuppression was limiting more
traditional continuous low-dose therapy.

The addition of prednisone or prednisolone is thought to
increase the efficacy of melphalan therapy. Prednisone is initi-
ated at a dosage of 0.5 mg/kg PO, once daily for 10 days, then
reduced to 0.5 mg/kg every other day before discontinuation
after 60 days of therapy, although some continue every other day
prednisone continuously. Melphalan is continued indefinitely
until clinical relapse occurs or myelosuppression necessitates a
dose reduction or discontinuation. The vast majority of dogs
on melphalan and prednisone combination therapy tolerate the
regimen well. The most clinically significant toxicity of melpha-
lan is myelosuppression, in particular a delayed thrombocytope-
nia which can be slow to recover and in some cases irreversible.
CBGCs, including platelet counts, should be performed biweekly
for 2 months of therapy and monthly thereafter in dogs on

continuous protocols and just before pulse-dose when using the
alternate protocol. If significant myelosuppression occurs (usu-
ally thrombocytopenia or neutropenia), a drug holiday is insti-
tuted with reintroduction at a lesser dose after marrow recovery.
Alternatively, a different alkylating agent (e.g., cyclophospha-
mide, lomustine) may be substituted.

Although melphalan and prednisolone therapy can also be
used in cats with multiple myeloma, it appears this protocol is
more myelosuppressive than in the dog and many clinicians pre-
fer to use a cyclophosphamide (250 mg/m? PO or IV every 2-3
weeks) and prednisolone (1 mg/kg PO daily for 2 weeks and then
every other day) protocol or a COP protocol (see Section B of
this chapter) in this species. Alternatively, some have used cyclo-
phosphamide at a dose of 25 mg/cat twice weekly.”*%”7! If using
melphalan in the cat, a dosing schedule similar to the dog has been
reported; 0.1 mg/kg once daily for 10 to 14 days, then every other
day until clinical improvement or leukopenia develop. Long-
term continuous maintenance (0.1 mg/kg, once every 7 days) has
been advocated.””? An alternative protocol advocated in the cat
uses melphalan at 2 mg/m?, once every 4 days continuously, and
appears to be well tolerated.””!

Cyclophosphamide has been used as an alternative alkylating
agent or in combination with melphalan in dogs and cats with
MM.757:764769.771 There is no evidence to suggest that it is supe-
rior to melphalan in the dog. In the author’s practice, cyclophos-
phamide in dogs with MM is limited to those cases presenting
with severe hypercalcemia or with widespread systemic involve-
ment in which a faster acting alkylating agent may more quickly
alleviate systemic effects of the disease. Cyclophosphamide is initi-
ated at a dosage of 200 to 250 mg/m? IV or PO, once, at the same
time oral melphalan is started. Because cyclophosphamide is less
likely to affect platelets, it may be substituted in those patients in
which thrombocytopenia has developed secondary to long-term
melphalan use.

Chlorambucil, another alkylating agent, has been used success-
fully for the treatment of IgM macroglobulinemia in dogs at a
dosage of 0.2 mg/kg PO, once datily.7(’4'804 Little or no clinical
signs of toxicity result from this dosing schedule. Chlorambucil
has also been used in cats with MRD.””!

Lomustine (CCNU), yet another alkylating agent, has been
used in a limited number of cats with MM and a partial response
has been reported after dosing at 50 mg/m? PO, every 21 days.%4

Evaluation of Response to Therapy

Evaluation of response to systemic therapy for MM is based
on improvement in clinical signs, clinicopathologic param-
eters, radiographic improvement of skeletal lesions, ultrasono-
graphic improvement of organ involvement, and, in some cases,
bone marrow reassessment with molecular analysis of clonal-
ity.7>7-701,762 764771 SQubjective improvement in clinical signs of
bone pain, lameness, lethargy, and hyporexia should be evident
within 3 to 4 weeks after initiation of therapy. Objective labora-
tory improvement, including reduction in serum total globulin, M
component and calcium, along with normalization of the hemo-
gram, is usually noted within 3 to 6 weeks (Fig. 33.29). Radio-
graphic improvement in osteolytic bone lesions may take months
and resolution may only be partial. Ophthalmic complications
(including long-standing retinal detachments) and paraneoplastic
neuropathies often resolve along with tumor mass.81%%3! In cats
responding to chemotherapy, clinical improvement is noted in 2
to 4 weeks and serum protein and radiographic bone abnormali-
ties were greatly improved by 8 weeks.”’0771
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¢ Fig. 33.29 Clinicopathologic data changes over time (weeks) after initiation of cytotoxic chemotherapy
in three dogs with IgA multiple myeloma. Light blue area, Normal reference range. (A) Serum IgA (mg/dL);
(B) Total globulins (g/dL). (C) Hematocrit (%). (D) Platelets/dL. (E) Serum calcium (mg/dL). (F) Total white

blood cells/dL.

As previously discussed, complete resolution of MM does not
generally occur and a good response is defined as a reduction in
measured M-component (i.e., immunoglobulin or Bence Jones
proteins) of at least 50% of pretreatment values.”** Reduction in
serum immunoglobulin levels may lag behind reductions in Bence
Jones proteinuria because the half-lives are 15 to 20 days and 8 to
12 hours, respectively.®*! For routine follow-up, quantification of
the increased serum globulin, immunoglobulin, or urine Bence
Jones protein is performed monthly until a good response is noted
and then every 2 to 3 months thereafter. Repeat bone marrow aspi-
ration or imaging (in the case of visceral disease) for evaluation of
plasma cell infiltration may be occasionally necessary. Bone mar-
row reevaluation is particularly prudent when cytopenias develop
during chemotherapy, and drug-induced myelosuppression must

be differentiated from myelophthisis due to neoplastic marrow
recurrence.

Therapy Directed at Complications of Multiple Myeloma

'The long-term control of complications, including hypercalcemia,
HVS, bleeding diathesis, renal disease, immunosuppression with
infection, ophthalmic complications, and pathologic skeletal frac-
tures, depend on controlling the primary tumor mass. However,
therapy directed more specifically at these complications may be
indicated in the short term.

If hypercalcemia is marked and significant clinical signs exist,
standard therapies, including fluid diuresis, with or without phar-
macologic agents (e.g., zoledronate, calcitonin), may be indicated
(see Chapter 5). Moderate hypercalcemia will typically begin to
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improve within 2 to 3 days after initiation of melphalan/predni-
sone chemotherapy without the addition of therapies directed at
hypercalcemia specifically.

HVS is best treated in the short term by plasmaphere-
sis./04808.813,838,844-846 Whole blood is collected from the patient
and centrifuged to separate plasma from packed cells. Packed red
cells are resuspended in normal saline or another crystalloid and
reinfused into the patient. More advanced plasmapheresis meth-
ods have also been used in dogs with HVS.%4? Bleeding diathesis
will usually resolve along with HVS; however, platelet-rich plasma
transfusions may be necessary in the face of thrombocytopenia.

Renal impairment may necessitate aggressive fluid therapy in
the short term and maintenance of adequate hydration in the long
term. Careful attention to secondary urinary tract infections and
appropriate antimicrobial therapy is indicated. Ensuring adequate
water intake at home is important, and occasionally, educating
owners in subcutaneous fluid administration is indicated. Con-
tinued monitoring of renal function is reccommended along with
follow-up directed at tumor response.

Patients with MM can be thought of as immunologically
impaired. Some have recommended prophylactic antibiotic
therapy in dogs with MM7%; however, in humans, no benefit
for this approach over diligent monitoring and aggressive anti-
microbial management when indicated has been observed.?%° Cidal
antimicrobials are preferred over static drugs, and avoidance of
nephrotoxic antimicrobials is recommended.

Pathologic fractures of weight-bearing long bones and verte-
brae resulting in spinal cord compression may require immediate
surgical intervention in conjunction with systemic chemotherapy.
Orthopedic stabilization of fractures should be undertaken and
may be followed with RT (see Fig. 33.25). Inhibition of osteo-
clast activity by bisphosphonate drugs (in particular zoledronate),
has been shown in several meta-analyses to reduce the incidence
and severity of skeletal complications (e.g., bone pain, pathologic
fracture) of MM in humans and to result in some prolongation of
overall survival.®3>:849:840 This class of drugs may hold promise for
use in dogs and cats with various skeletal tumors; however, they
have not been adequately evaluated for time-to-event efficacy in
MRD in companion species.

Rescue Therapy

When MM eventually relapses in dogs and cats undergoing ini-
tial melphalan or alternative alkylator therapy or in the uncom-
mon case that is initially resistant to alkylating agents, rescue
therapy may be attempted. Switching to an alternate alkylating
agent (e.g., cyclophosphamide, lomustine, chlorambucil) may be
effective.”¢1:769 'The author has also had limited success with VAD,
which is a combination of doxorubicin (30 mg/m? IV, every 21
days), vincristine (0.7 mg/m? IV, days 8 and 15), and dexametha-
sone sodium phosphate (1.0 mg/kg IV, once a week on days 1,
8, and 15), given in 21-day cycles. Whereas most dogs initially
respond to rescue protocols, the duration of response tends to be
short, lasting only a few months. Liposomal doxorubicin has pro-
duced a long-term remission in a dog with MM previously resis-
tant to native doxorubicin.®%”

Investigational Therapies

MM is ultimately a uniformly fatal disease in most species and
thus significant effort is being placed on investigational thera-
pies for this disease. Currently, bone marrow ablative therapy
and marrow or stem cell rescue, thalidomide (and other anti-
angiogenic therapies), bortezomib (a proteasome inhibitor),

arsenic trioxide, bisphosphonates, and several molecular tar-
geting therapies are under investigation; however, their use in
veterinary species is limited or completely absent at present.
Bortezomib has been shown to have activity against canine
melanoma in cell culture and mouse xenograft models.®® A
bortezomib protocol that is well-tolerated in dogs has been
used successfully in the treatment of golden retriever muscu-
lar dystrophy but has not been, as yet, reported in dogs with
MM.%4% One case report exists of a dog with MM that was
resistant to melphalan, prednisone, and doxorubicin that sub-
sequently achieved a partial response to tyrosine kinase inhibi-
tor therapy (toceranib) that was maintained for 6 months.””¢
Rabacfosadine (Tanovea-CAl) has been used investigationally
in dogs with MM, either as induction therapy or for rescue in
melphalan-resistant disease and significant efficacy, including
durable molecular complete responses, was noted.”®> However,
rabacfosadine is currently conditionally approved for use only
in dogs with lymphoma.

Prognosis

The prognosis for dogs with MM is good for initial control of
tumor and a return to good quality of life.”>”7¢1.762 In a group of
60 dogs with MM, approximately 43% achieved complete remis-
sion (i.e., serum immunoglobulins normalized), 49% achieved
a partial remission (i.e., immunoglobulins <50% pretreatment
values), and only 8% did not respond to melphalan and pred-
nisone chemotherapy.”>” Long-term survival is the norm, with
a median survival time of 540 days reported (Fig. 33.30). More
recently, in 38 dogs treated with melphalan/prednisone, 86%
had objective responses (94% for pulse-dose protocol and 79%
for continuous daily protocol) with a median progression-free
and overall survival time (MST) of 601 and 930 days, respec-
tively.”! The 1-, 2-, and 3-year survival rates were 81%, 55%,
and 30%, respectively. The presence of hypercalcemia, Bence
Jones proteinuria, and extensive bony lysis were found to be
negative prognostic factors in the dog in one large cohort,”””
but not in another.”®! Only the presence of renal disease and a
high peripheral neutrophil:lymphocyte ratio at diagnosis were
negative indices in the latter report.”®! Despite long-term dura-
ble responses in treated dogs, MM is generally a uniformly fatal
disorder as drug-resistant recurrence of tumor mass and associ-
ated clinical signs is expected. Eventually, the tumor is no lon-
ger responsive to available chemotherapeutics and death follows
from infection, renal failure, or euthanasia for intractable bone
or spinal pain.”7.764

The prognosis for MM in the cat is not as favorable as it is in
the dog.”04767.769-771.788 "That being said, approximately 50% to
83% of cats with MM will respond to chemotherapy and although
older compilations report MSTs of approximately 4 months, sev-
eral long-term responses (i.e., >1 year) have been reported and a
recent compilation documented MSTs of 8 to 13 months with
treatment.’0%707.769-771.788.790.821 Qne investigator grouped MM
in cats into two prognostic categories (Table 33.17) based on cri-
teria known to predict behavior in dogs.”’® Although no rigorous
statistical analysis was performed on this small group of nine cats,
the MST for cats in “aggressive” and “nonaggressive” categories
was 5 days and 387 days, respectively.

Experience in dogs with IgM macroglobulinemia is lim-
ited.”04804-805 Response to chlorambucil is to be expected, and
in nine treated dogs, 77% achieved remission with an MST of 11
months.”%4
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¢ Fig. 33.30 Survival curve of 37 dogs with multiple myeloma treated with chemotherapy. The median
survival time (MST) is 540 days. (From Matus RE, Leifer CE, MacEwen EG, et al. Prognostic factors for
multiple myeloma in the dog. J Am Vet Med Assoc. 1986;188:1288-1292.)

Classification of Multiple Myeloma in
Cats Based on Clinical and Diagnostic

Criteria Suspected of Predicting
Prognosis’”?

Behavior Category Criteria

Hypercalcemia, presence of bony lesions
with pathologic fracture, low packed cell
volume (PCV), presence of light-chain
Bence Jones protein in urine, azotemia,
hypercreatinemia, persistence of high
serum protein level after 8 weeks of
treatment, little or no clinical improve-
ment

Aggressive

Normal serum calcium, normal creatinine,
blood urea nitrogen, PCV levels, pres-
ence of bony lesions without patho-
logic fractures, absence of light-chain
Bence Jones protein, normalization of
serum protein level after 8 weeks of
treatment.

Less aggressive

Solitary and Extramedullary Plasmacytic
Tumors

Solitary collections of monoclonal plasmacytic tumors can origi-
nate in soft tissues or bone and are referred to as extramedullary
plasmacytoma (EMP) and solitary osseous plasmacytoma (SOP),
respectively. The systemic, multicentric, biologically aggres-
sive EMP syndrome encountered in cats has been discussed in
the MM section and will only receive limited discussion in this
section.”’178¢ A number of large case compilations of cutane-
ous plasmacytoma have been reported in the dog.”74783:850-801
The most common locations for EMP in the dog are cutaneous
(86%; Fig. 33.31), mucous membranes of the oral cavity and lips

¢ Fig. 33.31 A cutaneous plasmacytoma on the limb of a dog.

(9%; Fig. 33.32), and the gastrointestinal tract (4%). The skin of
the limbs and head (including the ears) are the most frequently
reported cutaneous sites.”%? Oral plasmacytoma represents 5% of
oral tumors, 2% of lingual tumors, and approximately 20% of
all EMPs.83 Other EMP sites uncommonly encountered include
spleen, genitalia, eye, uterus, liver, larynx, trachea, third eyelid,
sinonasal cavity (one case reported in the cat®®?), and intracranial
sites.%03-871 The American cocker spaniel, English cocker spaniel,
and West Highland white terrier (and perhaps Yorkshire terri-
ers, boxers, German shepherds, and Airedale terriers) have been
reported inconsistently to be at increased risk for developing plas-
macytomas and the median age of affected dogs is 9 to 10 years
of age.783:853
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¢ Fig. 33.32 Examples of oral solitary plasmacytoma in dogs; one involving the maxilla (A), the other involv-
ing the underside of the tongue (B). Both dogs were cured after surgical excision.

Pathology and Natural Behavior of Solitary
and Extramedullary Plasmacytic Tumors

Cutaneous and oral EMP in dogs are typically benign tumors that
are highly amenable to local therapy.”83:851:853.862.872 There exists,
however, an uncommon form of multiple cutaneous plasmacyto-
mas in the absence of MM referred to as cutancous plasmacytosis
in dogs that is a biologically aggressive disease with treatment and
outcomes more like MM.80:873:874 Three dogs with multiple oral
plasmacytomas have been reported.®”! These were locally aggres-
sive but did not metastasize and these dogs enjoyed long-term sur-
vival after surgical excision.

The natural behavior of noncutaneous/nonoral EMP appears
to be somewhat more aggressive in the dog. Gastrointestinal EMP
have been reported on a number of occasions in the veterinary lit-
erature, including the esophagus,®”” stomach,”4%77 and small®””
and large intestine.®’%-%30 Metastasis to associated lymph nodes
is more common in these cases; however, bone marrow involve-
ment and monoclonal gammopathies are less commonly encoun-
tered. Colorectal EMPs tend to be of low biologic aggressiveness,
and most do not recur after surgical excision.?”? Conversely, the
majority of SOPs eventually progress to systemic MM; however,
the time course from local tumor development to systemic MM
may be many months to years.”””:881 SOPs have been reported in
the dog involving the appendicular skeleton, as well as the zygo-
matic arch, and ribs.”?”

SOPs are less common in cats, and fewer reports exist in the
literature.””1785:882-880 "They occur in older cats (mean ages 9-14
years), with no significant sex predilection. The skin is the most
common site; however, other sites include the oral cavity, eye, GI
tract, liver, subcutaneous tissues, and brain. Reports exist of cuta-
neous EMP in cats that progressed to systemic MRD.”71,785.886

History and Clinical Signs of Solitary and
Extramedullary Plasmacytic Tumors

Clinical signs associated with EMPs and SOP:s relate to the loca-
tion of involvement, or in those rare cases with high levels of M
component, HVS may occur. Most cutaneous plasmacytomas are
solitary, smooth, raised pink, variably alopecic nodules from 1 to
2 cm in diameter (see Fig. 33.31), although tumors as large as
10 cm have been reported. Combining large series, greater than
95% occur as solitary masses and less than 1% occur as part of a
systemic MM process.”’498-801873.874 Cutaneous and oral EMPs
usually have a benign course with no related clinical signs.

Cutaneous plasmacytosis, however, is associated with multiple
lesions, often with more than 10 and up to hundreds of lesions.®>°
Some are ulcerated on presentation, but 81% were asymptomatic
at presentation. Gastrointestinal EMPs typically have nonspecific
signs which may suggest alimentary involvement. One dog with
GI EMP was presented with intussusception.®”8 Colorectal plas-
macytomas often cause rectal bleeding, hematochezia, tenesmus,
and rectal prolapse.®”? One case of ataxia and seizure activity in a
dog with EMP secondary to tumor-associated hypoglycemia has
been reported.3" SOP is usually associated with pain and lame-
ness if the appendicular skeleton is affected or neurologic signs if
vertebral bodies are involved.

Diagnosis for Solitary and Extramedullary
Plasmacytic Tumors

The diagnosis of SOP and EMP usually requires tissue biopsy or
needle aspiration cytology for diagnosis. Cells making up soli-

tary plasmacytic tumors in both cats and dogs have been histo-
logically classified into mature, hyaline, cleaved, asynchronous,



monomorphous blastic and polymorphous blastic cell types;
however, no prognostic significance has been observed after clas-
sification, although it has been suggested that the polymorphous-
blastic type may act more aggressively in the dog.”7#852859.:880 A
divergent pseudoglandular histologic subtype has been reported
in a small number of dogs that may be confused with epithelial
neoplasia.®>! Intravascular tumor cells were observed in 16%
of cutaneous plasmacytoma samples in one report, but this was
not found to correlate with outcome and most were behaviorally
benign.”®> A different classification was proposed for EMP in cats
based on percentage of plasmablasts, and some prognostic impor-
tance has been documented.”®® In the case of poorly differentiated
plasmacytic tumors, IHC studies, directed at detecting immu-
noglobulin, light and heavy chains, MM-1/interferon regulatory
factor-4 (MUM1/IRF4), and thioflavin T, may be helpful in dif-
ferentiation from other round cell tumors.”?7:857:859.882,883,887-889
Of note, canine cutaneous histiocytoma (not histiocytic sarcoma)
can be immunoreactive for MUMI1 and therefore should be con-
sidered in any MUM1* differential.®>3 Immunoreactivity has been
demonstrated for canine IgG F(ab), and vimentin.®>* A variant
characterized by an IgG-reactive amyloid interspersed with the
neoplastic cells has also been described.®! A panel of monoclo-
nal antibodies (recognizing tryptase, chymase, serotonin, CDla,
CD3, CD79a, CD18, and MHC class II) in association with a
histochemical stain (naphthol AS-D chloroacetate) has been advo-
cated for use on formalin-fixed, paraffin-embedded sections of
cutaneous round cell tumors to help classify poorly differentiated
round cell tumors (mast cell tumors, histiocytomas, lymphomas,
and plasmacytomas).®®® In addition, clonality of the immuno-
globulin heavy chain variable region gene can be performed in
plasmacytomas and myelomas using PCR technology, and this
may have some diagnostic utility in difficult cases.”®

It is important to thoroughly stage dogs and cats with plasma-
cytomas that are at higher risk for systemic spread if contemplat-
ing local or locoregional therapy without systemic therapy. This
should include bone marrow aspiration cytology, serum electro-
phoresis, abdominal ultrasound, and skeletal survey radiographs
to ensure the disease is confined to a local site before initiation of
therapy. Several, albeit rare, instances of monoclonal gammopathy
or plasma cell leukemia have been reported in dogs with cutane-
ous plasmacytoma, cutaneous plasmacytosis and gastrointestinal
EMP$50:874890.891 Sraging is likely most important in cases of
cutaneous plasmacytosis, SOB and GI EMP due to their relatively
high metastatic rate, but is less important for cutaneous, oral, and
colorectal plasmacytomas because of their more typical benign
behavior. Cutaneous plasmacytosis was associated with lymph
node or abdominal viscera involvement in approximately 30% of
cases; however, no cases in a large compilation had positive bone
marrow aspirates and only one dog had a monoclonal gammopa-
thy.859 For GI EMP (including colorectal EMP), endoscopic eval-
uation of the entire GI tract is recommended. A single case report
of the use of PET/CT imaging for extramedullary splenic plasma-
cytoma in a dog exists; however, its utility remains unknown.®%?

Therapy for Solitary and Extramedullary
Plasmacytic Tumors

Cutaneous and oral plasma cell tumors in the dog are almost
always benign and carry an excellent prognosis after conservative
surgical excision.”74783:853.859.860.879.893 The exception is cutane-
ous plasmacytosis where excision is not possible due to the num-
ber of lesions and the fact that 30% of cases have documented
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systemic disease.®>? Systemic chemotherapy is therefore indicated
for dogs with cutaneous plasmacytosis; approximately three-quar-
ters of 14 cases experienced objective responses to either melpha-
lan or lomustine and median progression-free and overall STs were
153 and 542 days, respectively.®> EMPs of the trachea, liver, and
uterus have also been reported in dogs, and all had a benign course
after local resection.®4-890 Successful therapy with melphalan and
prednisone has been rarely applied for a local recurrence or incom-
plete margins in dogs and cats. RT has been used infrequently for
cases that are not surgical candidates, including the application of
strontium-90 plesiotherapy for lingual plasmacytoma in a dog.®%*
Surgery is recommended, in combination with RT, for those cases
of SOP in which the lesion results in an unstable, long bone frac-
ture (see Fig. 33.25), or the patient is nonambulatory from neu-
rologic compromise resulting from a vertebral body SOP. In the
latter case, spinal cord decompression, mass excision, and possi-
bly spinal stabilization may be necessary.®? RT can be used alone
(i.e., without surgery) in those cases where fractures are stable, as a
palliative measure for bone pain, or in the case of vertebral SOP if
the patient is ambulatory and stable. Good local control is usually
achieved; however, most progress to systemic MM.797:828,881 SOP
of the axial skeleton can be managed by excision or RT alone.
There is controversy as to whether systemic chemotherapy should
be initiated at the time of local therapy for SOP when systemic
involvement is not documented. Systemic spread may not occur
for many months to even years beyond primary SOP diagnosis
in humans and dogs, and studies in humans reveal no benefit to
initiating systemic chemotherapy before progression to systemic
disease.8"7:828 Two cases of SOP in cats were recently reported;
one was treated with external-beam RT and one managed with
melphalan chemotherapy and both enjoyed durable remissions of
greater than 4 years.®”> Similarly, EMP of the GI tract in humans
are treated most commonly by surgical excision and thorough
staging of disease. Systemic therapy is not initiated unless systemic
involvement is documented. Systemic chemotherapy has been
used after gastric EMP in a cat; however, the utility of adjuvant
therapy in the species is unknown. 5%

Long-term follow-up of patients with SOP is indicated to rec-
ognize both recurrence of disease and systemic spread. Careful
attention is given to serum globulin levels, bone pain, and radio-
graphic appearance of bone healing in cases of SOP. Restaging of
disease, including bone marrow evaluation, is indicated if systemic
spread is suspected.

Prognosis for Solitary and Extramedullary
Plasmacytic Tumors

Prognosis for solitary plasma cell tumors is generally good. Cutane-
ous and mucocutaneous plasmacytomas are usually cured after sur-
gical excision.”’4859:893 In large compilations of cases in dogs, the
local recurrence rate was approximately 5%, and nodal or distant
metastasis occurred in only 7 of 349 cases (2%).774783.98.855.859.860
New cutaneous plasmacytomas at sites distant from the primary
developed in fewer than 2% of cases. Neither tumor cell prolifera-
tion rate (as measured by Ki67 IHC), intravascular tumor infiltra-
tion/emboli in the dog, nor histopathologic grading in dogs and
cats were prognostic in large compilations of cases, although it has
been suggested that the polymorphous-blastic and plasmablastic
type may act more aggressively in the dog and cat.”74783.786.859
The presence of amyloid and overexpression of cyclin D1 (prog-
nostic in human plasmacytomas) were not shown to be of prog-
nostic value in dogs.”’# Dogs with EMP of the alimentary tract
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and other abdominal organs (e.g., liver, uterus) treated by surgical
excision alone or in combination with systemic chemotherapy (if
metastasis is present) can enjoy long-term survival in the majority
of cases.”?7-804-800,870.875-877.850 [y 3 compilation of nine dogs with
colorectal plasmacytoma, two dogs had local recurrence at 5 and
8 months after surgery, and the overall MST was 15 months after
surgery alone.®”? DNA ploidy and Myc oncoprotein expression
in biopsy samples were determined to be prognostic for EMPs in
dogs; however, those that were malignant were all from noncuta-
neous sites (i.e., lymph node, colon, spleen). Therefore location
appears to be as predictive.®”” As previously discussed, the major-
ity of cases of SOP will eventually develop systemic disease; how-
ever, long disease-free periods usually precede the event.

The prognosis in cats is less well-defined because of the pau-
city of reported cases. If disease is confined to a local site and/
or regional nodes, surgical excision and chemotherapy can result
in long-term control; however, early, widespread metastasis and
progression to MM is also reported in cats.””!78%.857,882,884,885.896
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