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Clinical and histopathological evaluation of 16 dogs with T-zone lymphoma
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asTRACT. Clinical and histopathological characteristics of 16 dogs with nodal paracortical (T-zone) lymphoma (TZL) were evaluated. At
initial examination, generalized lymphadenopathy was found in all dogs, and peripheral lymphocytosis was found in 10 of the 16 dogs.
At initial diagnosis or during the disease course, 8 dogs (50%) were affected with demodicosis. Immunohistochemical analysis for CD3,
CD20 and CD25 was performed for 6 dogs with TZL; the tumor cells were positive for CD3 and CD25 and negative for CD20. Median
overall survival time was 938 days. A watchful waiting approach was adopted for 6 cases (38%), and 5 of the 6 dogs were still alive at the
end of follow-up. The clinical course of TZL in dogs is generally indolent; however, many cases develop a variety of infectious and other

neoplastic diseases after the diagnosis of TZL.
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Non-Hodgkin lymphomas are common in dogs, and their
annual incidence has been estimated as 13—107 per 100,000
dogs per year [5, 6, 13]. In 2006, Valli et al. reported archi-
tectural features, immunophenotypes and molecular clonal-
ity findings for 66 cases of canine indolent lymphoma and
proposed a new subtype named nodal paracortical (T-zone)
lymphoma (TZL), which showed clinically indolent behav-
ior with long survival despite generalized lymphadenopathy
and limited clinical response to chemotherapy [27]. In the
Kiel classification, the lymphoma subtype corresponding to
TZL was shown to have cytological characteristics of small
clear cell [8].

It was reported that the most common histopathological
subtype in canine indolent lymphoma was TZL (61.7%),
followed by marginal zone lymphoma (25%) in 60 dogs
with indolent lymphoma [7]. Dogs with TZL had the lon-
gest median survival (622 days), although conceivably, they
were diagnosed in later stages of the disease because of the
lack of signs associated with progression [26]. Recently,
immunophenotyping has been considered an important tool
for classification of canine T-cell lymphoma (TCL), which
is clinically and histologically heterogeneous. Seelig et al.
demonstrated immunophenotyping assessment for dogs with
TCL by flow cytometric analyses using several types of anti-
bodies and reported that all cases with CD45~ TCL could be
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classified as TZL [17].

In human medicine, WHO classification of lymphoid neo-
plasms has been used to distinguish the indolent subgroups
from the major aggressive subgroups [22]. The clinical
features of various lymphoma subtypes were found to be
remarkably variable. Therapeutic trials focusing on these
specific subgroups have been carried out to identify more
effective treatment options [2, 22]. In veterinary medicine, a
recent study showed the subtype categorization of 456 dogs
with lymphoma and reported their prognoses after a variety
of treatment protocols [26]. Further efforts to determine the
most effective therapeutic strategy in each subtype of lym-
phoma are considered to be necessary for obtaining better
prognoses and outcomes in canine lymphoma.

The aim of the present study is to understand the clinical
and histopathological features in 16 dogs with TZL, which
seems to have distinct clinical characteristics and disease
course compared with the more common high-grade lym-
phomas in dogs.

MATERIALS AND METHODS

Criteria for selection of cases: A retrospective study was
performed at the Veterinary Medical Center of the University
of Tokyo (UTokyo-VMC) from May 2004 through November
2012. Medical records were reviewed to identify dogs with
TZL that presented to the UTokyo-VMC during the period.
Cases included in this study were those involving 25 dogs
that were histologically diagnosed with multicentric TZL. Of
the 25 cases, 9 were excluded for the following reasons: 6
cases for incomplete clinical data and 3 cases for inadequate
biopsy procedures instead of the resection of a whole lymph
node. All nodal biopsy specimens were reviewed by a single
pathologist blinded to clinical information during the slide-
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Table 1. Primers used for the detection of clonal rearrangement of IgH and TCRy genes®
Reaction number Product Primer specificity Primer sequence (5’ —3")®
1 Cu Cu TTC CCC CTC ATC ACC TGT GA
Cu GGT TGT TGA TTG CAC TGA GG
2 IgH major VH CAG CCT GAG AGC CGA GGA CAC
JH TGA GGA GAC GGT GAC CAG GGT
3 IgH minor VH CAG CCT GAG AGC CGA GGA CAC
JH TGA GGA CAC AAA GAG TGA GG
4 TCRy JH ACC CTG AGA ATT GTG CCA GG
JH GTT ACT ATAAAC CTG GTAAC
VH TCT GGG A/GTG TAC/T TAC TGT GCT GTC TGG
5 IgH VH GMC GVT TCA CCATCT CCA RRG
JH TGA RGA GAC RGT GAC CWG GGT
JH GGA CAC GAA GAS TGA GGT GCC
6 TCRy Vy TGK TGC AGA ARC TGG AGA AGA
Jy GCA CTG TGC CAG GAC CAA ATA

a) IgH: immunoglobulin heavy chain, TCRy: T-cell receptor y chain. b) K: guanine (G) + thymine (T), R: adenine
(A) + G, M: A + cytosine (C), W: A+ T, S: C+ G, V: A+ C + G. Reaction Numbers 1—4: Primers reported by
Burnett et al. [4], Reaction Numbers 5 —6: Primers reported by Valli et al. [27]

review process. All cases were also required to have adequate
follow-up information from initial diagnosis.

Immunological subtypes: To examine the clonal expansion
of the cells and the cell lineage, polymerase chain reaction
(PCR) for antigen receptor gene rearrangement (PARR) and
immunohistochemistry were employed. For the detection of
clonal rearrangement of /gH and TCRy genes, PCR analyses
were performed for 8 cases. DNA samples were extracted
from primary lymphoma cells obtained by fine needle as-
piration or biopsy. The primer sequences for /gH and TCRy
reported by Burnett ez al. [4] and Valli et al. [27] are shown
in Table 1. Samples for PCR were initially heated to 95°C
for 15 min in both methods. The PCR condition using the
primers reported by Burnett et al. was as follows: 94°C for
8 sec, 60°C for 10 sec and 72°C for 15 sec for 35 cycles
without final extension procedure [4]. The PCR condition
using the primers reported by Valli et al. was as follows: five
cycles of 94°C for 30 sec and 72°C for 2 min, five cycles of
94°C for 30 sec and 70°C for 2 min and 35 cycles of 94°C
for 20 sec and 68°C for 2 min. A final extension of 68°C
for 10 min was performed. For the denaturation, the samples
for the PCR were heated at 95°C for 10 min and then were
allowed to reanneal at 4°C for 1 hr prior to polyacrylamide
gel electrophoresis (heteroduplex analysis) [27]. All of the
PCR analyses were run in duplicate.

Immunohistochemistry for CD3 and CD20 was employed
to determine the tumor phenotype for 16 cases in this study.
Anti-CD3 (polyclonal rabbit anti-human CD3, A0452;
DAKO, Glostrup, Denmark; 1:50 dilution) and anti-CD20
(polyclonal rabbit anti-human CD20, RB-9013-P; Thermo
Fisher Scientific, Waltham, MA, U.S.A.; 1:400 dilution)
antibodies were used as primary antibodies. Immunohis-
tochemical analysis using anti-CD25 (monoclonal mouse
anti-human CD25, clone 4C9; Thermo Fisher scientific; 1:40
dilution) antibody was performed for 6 dogs with TZL.

Routine protocols of immunohistochemistry were per-
formed on 4-um sections of formalin-fixed and paraffin-em-

bedded tissues. These sections were dewaxed and rehydrated
through graded alcohols to water, and antigen retrieval was
performed in 1% citrate buffer solution (pH 6.0) in the
autoclave at 120°C for 15 min. Endogenous peroxidase
was inactivated by 1% hydrogen peroxide in methanol for
30 min, and blocking was processed by 8% skim milk in
Tris-buffered saline (TBS) for 40 min. The slides then were
incubated overnight at 4°C with a panel of primary antibod-
ies directed to CD3, CD20 and CD25. Negative and positive
control sections also were incubated at this stage. After all
slides were washed for 15 min in TBS, EnVision + Dual
Link System-HRP for CD3, CD20 and CD25 was applied for
45 min at room temperature. After the slides were washed
for 15 min, binding of the antibody was visualized using
3,3'-diaminobenzidine (DAB) as a chromogen, and slides
were counterstained in Mayer’s hematoxylin.

Clinicopathological characteristics: Medical records of
the cases were reviewed to study clinicopathological char-
acteristics. Age, sex, breed, physical examination features,
the complete blood cell count profile at the time of diag-
nosis, concomitant illness and survival time were reviewed.
Staging was based on the WHO clinical stage criteria for
canine lymphomas [30]. In addition, dogs were assigned to
substage categories “a” (without systemic signs of illness) or
“b” (with systemic signs of illness) [30].

Sizes of the peripheral lymph nodes were measured with
slide calipers, and the sum of the longest diameter for the
target lesions (up to 5 nodes) was calculated [24]. All cases
were divided into 4 groups according to treatment: dogs
treated with (1) CHOP (cyclophosphamide, doxorubicin,
vincristine and prednisolone)-based protocols; (2) MP (mel-
phalan and prednisolone); (3) prednisolone alone; or (4) no
chemotherapy. Owners or referring veterinarians were con-
tacted when the information of the treatment or outcome in
the medical record was incomplete.

Statistical analysis: Overall survival time (OST) and
lymphoma-specific survival time (LSST) were calculated by



CLINICAL FEATURES IN CANINE T-ZONE LYMPHOMA 1239

Kaplan-Meier survival curves for 16 cases with TZL. For
both OST and LSST calculations, dogs were censored if
they were still alive or lost to follow up. OST was measured
from the day on which dogs were newly diagnosed as having
TZL to the date of death as a result of any cause. LSST was
defined as the time from the day on which dogs were newly
diagnosed with TZL to the date of death from TZL. Dogs
that died due to causes not likely associated with lymphoma
(e.g., progression of concomitant malignant tumors, cardiac
disease) were censored.

RESULTS

Clinical conditions and complete blood cell count at
diagnosis: Age, sex and breed for 16 dogs diagnosed
with TZL are summarized in Table 2. All of the 16 dogs
had generalized lymphadenopathy. Splenomegaly and/or
hepatomegaly were found in 8 of the 16 dogs by diagnostic
imaging. Cutaneous lesions were found in 6 dogs: 3 cases
with demodicosis, 2 with pyoderma and 1 with otitis externa.
Four dogs were found to have pale mucous membranes. Of
the 16 cases, only 3 cases showed systemic symptoms, such
as a reduction in activity and appetite (2 cases), and weight
loss (1 case). In the WHO clinical staging, 10 cases (63%)
were shown to have a large number of typical “clear cells”
in peripheral blood and thus were classified into stage V. Of
the 16 cases, 13 cases (81%) were assigned into substage
“a”. Consequently, WHO clinical stages and substages of the
16 dogs were Ila (n=1), Illa (n=3), [Va (n=1), IVb (n=1), Va
(n=8) and Vb (n=2).

In complete blood cell count at initial diagnosis, of the 16
dogs, 2 (13%) had mild anemia (hematocrit [Het] 0.30 and
0.34). Ten cases (63%) had lymphocytosis (5,230-19,200/
ul) containing lymphoid cells characterized as “clear cells”
in the peripheral blood [8]. Four cases had thrombocytosis
(511,000-845,000/ul) above the laboratory’s reference
range.

Cytological and histopathological characteristics: The
mature lymphoid cells similar to “clear cells” that increased
in the peripheral blood in 10 cases had small- to medium-
sized nuclei (an average size of 1 to 1.5 red blood cells)
showing densely stained chromatin and relatively abundant
clear cytoplasm (Fig. 1). Such lymphoid cells were also
found in the peripheral blood, even in cases without lympho-
cytosis, although these cases were not assigned to stage V in
the WHO clinical staging system.

In the cytological specimens obtained from enlarged
peripheral lymph nodes, TZL was composed of small- to
medium-sized lymphocytes with clear cytoplasm sometimes
showing extension to form hand-mirror or tear-drop image
(Fig. 2). The nuclei had little internal detail and were small
to medium in size, showed densely stained chromatin and
sometimes had sharp shallow indentations. Mitotic figures
were rare.

Histopathologically, neoplastic cells were small to inter-
mediate in size, and they expanded from the paracortex to
the cortex and medullary cords. The capsule of the lymph
node was at least focally thinned, although perinodal tissue

Table 2.  Profiles of 16 dogs with T-zone lymphoma
Median Range
Age (years) 8 6-11
Body weight (kg) 26.4 3.9-39.2
No of cases %
Sex
Male castrated 2 13
Female spayed 4 25
Male intact 7 44
Female intact 3 19
Breed
Golden Retriever 9 56
Shih Tzu 3 19
Others 4 25
Stage
I 0 0
I 1 6
III 3 19
v 2 13
v 10 63
Substage
a 13 81
b 3 19
Immunological phenotype
T 15 94
T,B 1 6
PARR
Clonal rearrangement for 7CRy gene 4 25
Clonal rearrangement for /gH gene 0 0
Clonal rearrangement for 7CRy & IgH genes 1 6
Negative 3 19
Not determined 8 50
Enlarged lymph node
Systemic 16 100
Local 0 0
Clinical symptom
Enlargement of spleen or liver 8 50
Cutaneous lesion 6 38
Pale mucous membranes 4 25
Reduction in activity and appetite 2 13
Respiratory distress 2 13
Hematological abnormality
Anemia 2 13
Leukocytosis 6 38
Lymphocytosis 10 63
Thrombocytosis 4 25
Chemotherapy
CHOP-based protocol® 2 13
M-P protocol® 6 38
Prednisolone alone 2 13
No treatment 6 38

a) CHOP-based protocol: cyclophosphamide, doxorubicin, vincristine
and prednisolone. b) M-P protocol: melphalan and prednisolone.

was not involved. Fading follicles and germinal centers were
found and tended to be peripheralized by the expanding
population of neoplastic T cells (Fig. 3a and 3b).

PARR and immunohistochemistry: Of 16 dogs, 8 under-
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Fig. 1. Neoplastic cells in peripheral blood. TZL cells are small or
intermediate lymphocytes, and the cytoplasm is more abundant
than that in normal lymphocytes and very lightly stained. Wright-
Giemsa stain, x 1,000.

went genetic clonality analyses. Four of the 8 dogs with T-
zone lymphoma showed monoclonal rearrangement of 7TCRy
(Fig. 4). One dog showed clonal rearrangement of both IgH
and TCRy. In the other 3 dogs, clonal rearrangement of IgH
or TCRy was not detected by PARR.

Immunohistochemical analysis for CD3 and CD20 was
performed for 16 dogs. In 15 dogs (94%), the majority of
the lymphoid cells on the nodes were immunopositive for
CD3.In 1 dog (6%), the tumor cells were double-positive for
CD3 and CD20. The results regarding immunohistological
phenotype and PARR are presented in Table 2.

Immunohistochemical analysis for the CD25 antigen
was performed for 6 dogs with TZL that were positive for
CD3, as confirmed by immunohistochemistry. In all 6 cases,
CD25-positive cells were found in accordance with CD3-
positive and CD20-negative neoplastic cellular localization.
Among the expanding population of neoplastic cells in
the paracortical regions of nodes, almost all the cells were
strongly immunopositive for CD25 (Fig. Sa—e).

Concurrent diseases observed in the 16 dogs with TZL:
Eleven (69%) of 16 cases had concurrent medical problems
during the disease course by follow-up (181-1,662 days;
median, 841 days): demodicosis (8 cases), cystitis (4 cases),
pyoderma (4 cases), otitis externa (3 cases), corneal ulcer
(2 cases), conjunctivitis (2 cases), epulis (2 cases), mast cell
tumor (2 cases), sebaceous carcinoma (1 case), pyelone-
phritis (1 case), chronic renal failure (1 case), melanoma (1
case), hemangiosarcoma (1 case) and meningioma (1 case).
Two cases (13%) had benign cutaneous tumors (papilloma
and plasmacytoma), and there were no concurrent medical
problems observed in 5 cases (31%) (Table 3).

Treatment and response to treatment: All cases were di-
vided into 4 groups according to the treatment: dogs treated
with a CHOP-based protocol (cyclophosphamide, doxoru-
bicin, vincristine and prednisolone) [9] (2 cases); MP (mel-
phalan and prednisolone) [1] (6 cases); prednisolone alone
(2 cases); and no chemotherapy (6 cases) (Table 2).

Chemotherapy with a CHOP-based protocol was conduct-
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Fig. 2.
nuclei and abundant clear extended cytoplasm, resulting in hand
mirror or tear-drop image. Mitoses are not present in most fields.
Wright-Giemsa stain, x 1,000.

Neoplastic cells in lymph node. Cells with round to oval

.

Fig. 3. The histological features of canine TZL. (a) Neoplastic
lymphocytes expand in the paracortex and are peripheralizing the
fading lymphoid follicles. Hematoxylin and eosin (H&E) stain.
% 40. (b) Neoplastic cells are small to intermediate in size. The
nuclei are small and sometimes have sharp shallow indentations.
Some nuclei have small central nucleoli. H&E stain. x 1,000.



CLINICAL FEATURES IN CANINE T-ZONE LYMPHOMA 1241

ed for 2 cases, because these dogs were found at the initial
visit to have respiratory distress due to the lymphadenopathy
revealed by radiography. After the treatment, 1 case attained
a partial remission (PR); however, the other case did not
respond to CHOP-based protocol.

Treatment with MP protocol was conducted for 6 cases,
because of respiratory distress from enlargement of nodes
(2 cases) and progressive lymphocytosis in the peripheral
blood (4 cases). Of the 6 cases, 5 attained PR, and 1 achieved
CR. Prednisolone alone was administered for 2 cases. One
case achieved PR, but the other did not show any response.

Watchful waiting was selected for 6 cases, because they
did not show any symptoms caused by lymphoma during the

Fig. 5. The immunohistochemical features of canine TZL.
(a) Neoplastic T cells in the paracortex are uniformly immu-
nopositive for CD3. Immunolabeling with anti-CD3. x 40. (b)
Intense labeling of neoplastic T cells with CD3. The neoplastic
T cells are small or intermediate in size. Immunolabeling with
anti-CD3. x 1,000. (c) B cells in fading lymphoid follicles are
immunopositive for CD20. Follicular structures are pressed
against the outer sinus by the expanding population of neo-
plastic T cells. Immunolabeling with anti-CD20. x 40. (d) Neo-
plastic cells in the paracortex are strongly immunopositive for
CD25. B cells in the lymphoid follicles are negative for CD25.
Immunolabeling with anti-CD25. x 40. (e) CD25-positive
neoplastic cells are small to medium in size. Some cells have
sharp shallow nuclear indentations and abundant cytoplasm.
Immunolabeling with anti-CD25. x 1,000.

follow-up period. Although these dogs did not receive any
chemotherapy, the lymph node sizes were found to wax and
wane for the observation period (10.7-37.1 months, median
26.2 months).

Prognostic analyses: The median OST was 938 days, and
the median LSST was not calculated because lymphoma-
related death was found in only 3 dogs, and the number did
not exceed half (Fig. 6). Of the 16 dogs with TZL, 8 dogs
died of any reason by the end of the follow-up duration, and
none of the 8 dogs was euthanized. One of the 3 dogs had
respiratory distress from enlargement of nodes, and the other
2 dogs had disseminated intravascular coagulation (DIC) as-
sociated with progression of lymphoma. All 3 dogs that died
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PARR results in a dog with TZL. Lanes 2-5: primer sets reported by Burnett et al. [4]. Lanes: 6, 7: primer sets reported by

Valli et al. [27]. Lane 1: 25 bp ladder, Lane 2: Cu (positive control), Lane 3: IgH major, Lane 4: IgH minor, Lane 5: TCRy, Lane 6:
IgH,Lane 7: TCRy. Of the lanes 3—7, only lane 5 (TCRy) shows the clonal band. PCR analyses were run in duplicate.

Table 3.  Concurrent diseases that occurred during the

observation period in 16 dogs with TZL

No of cases %
Demodicosis 8 50 o
Cystitis 4 25 5
Pyoderma 4 25 %
Otitis externa 3 19 £
Corneal ulcer 2 13 £
Conjunctivitis 2 13 g
Epulis 2 13 a
Mast cell tumor 2 13
Sebaceous carcinoma 1 6
Pyelonephritis 1 6
Chronic renal failure 1 6
Melanoma 1 6
Hemangiosarcoma 1 6
Meningioma 1 6 Fig
IMHA® 1 6
IMT® 1 6
Congestive heart failure 1 6
Benign cutanesous tumors® 2 13

a) IMHA: immune-mediated hemolytic anemia. b) IMT:
immune-mediated thrombocytopenia. ¢) Benign cutane-
ous tumors: papilloma and plasmacytoma.

of the progression of lymphoma received chemotherapy with
CHOP-based protocol or MP protocol. Cause of death other
than lymphoma included metastasis of sebaceous carcinoma
(1 dog), hemangiosarcoma (1), IMHA plus IMT (1), conges-
tive heart failure (1) and melanoma (1).

DISCUSSION

At the initial diagnosis or during the disease course, many
cases were found to be affected with demodicosis or expe-
rienced various infectious and neoplastic diseases. The pe-
ripheral lymph nodes biopsied from the 16 cases in this study
showed characteristic histological appearances as reported
by Valli et al. [18, 28]. Moreover, immunohistochemistry
revealed that the tumor cells of canine TZL were strongly
positive for CD25.

Golden Retrievers and Shih Tzu accounted for three-
fourths of all breeds evaluated, and other breeds included in
the study were Cavalier King Charles Spaniel, Maltese, Pem-
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Survival curves for overall survival and lymphoma-specific survival

in 16 dogs with TZL. The median OST was 938 days, and the median LSST
was not reached.

broke Welsh Corgi and mixed breed. It might be possible that
TZL occurs with elevated frequency in Golden retrievers and
Shih Tzu, as described in the previous reports [7, 17]. In this
study, the median age at the time of diagnosis was 8 years
(range: 6—11years). A previous study showed that the median
age of 10 dogs with TZL was 8.9 years [27]. Age of the dogs
that developed TZL is conceivably similar or slightly older
than that of dogs with lymphomas in general [26].

At the initial visit, generalized lymphadenopathies in the
peripheral lymph nodes were found in all of the 16 cases in
this study. Demodicosis was found frequently, occurring in 8
cases (50%) throughout the observation period. A previous
report showed that almost 10% of canine cases with TZL had
demodex infection at diagnosis [7]; however, many more
cases with TZL in the present study developed an infection of
demodex at time of initial diagnosis (3 cases, 19%) and dur-
ing the treatment (8 cases, 50%). Demodex canis is normally
present in dog skin, but it has been assumed that immune dys-
functions and genetic disorders cause overgrowth of demodex
in canine patients [3, 16]. Humans undergoing chemotherapy
have been shown to have an increased incidence of demodex
infestation [10, 18]. Of the 8 dogs with demodicosis, 2 dogs
developed the disease after initiation of chemotherapy (1 dog
with CHOP-based protocol and 1 dog with MP protocol), but
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6 dogs were found to have demodicosis without application
of any chemotherapy. TZL could be one of the underlying
diseases for the development of demodicosis in dogs. How-
ever, immunosuppression due to chemotherapy might be also
associated with the development of demodicosis in some
dogs. The immune abnormalities might be associated with
the development of TZL and lead to a frequent occurrence
of demodicosis. When peripheral lymphadenopathy is found
in the presence of dermatologic problems, differentiation
between hyperplastic/inflammatory and neoplastic changes
should be made. Diagnosis as TZL should be made not just
by cytology but by histopathological examination in order to
discriminate accurately between neoplastic proliferation and
hyperplasia by cutaneous lesions. PARR also could be used
for the demonstration of the clonal expansion of the lym-
phoid cells; however, the sensitivity for TCRy genes might
be low. A study by Valli et al. reported that clonal band was
detected in five of eight dogs (63%) with T-zone lymphoma
[27]. Flow cytometric analyses would be also useful for the
diagnosis of canine TZL, because the tumor cells of TZL
have a characteristic immunological phenotype including
CD45-negative status [17].

Immunohistochemically, the neoplastic cells of 6 cases
with TZL examined were intensely positive for CD25. It has
been known that heterotrimerization of interleukin-2 receptor
a, B and y chains leads to high-affinity binding for IL-2 and
IL-2/IL-2R complex and has an important role in controlling
proliferation and differentiation of immune system cells [12].
In humans, previous reports have shown that CD25 expression
is found in several types of leukemia or malignant lymphoma,
including Hodgkin’s lymphoma (HL) and non-Hodgkin’s
lymphoma (NHL), which express CD25 antigen in a large
number of cases [14, 21]. The complete biological role of
IL-2Ra expression in tumors is unclear, although IL-2Ra can
stimulate tumor cell proliferation [15, 20, 23]. It has been re-
ported that particular hematological tumors highly express the
membranous CD25 forming an important phenotypic trait that
could be a therapeutic target molecule [11, 19, 29]. A recent
study revealed that canine TZL was associated with loss of
CD4S5 expression, and CD45-negative cells expressed CD25
by flow cytometry analysis [17]. A large amount of CD25
expression on canine TZL cells might have some influence on
proliferation of lymphoma cells or status of host immunity that
leads to demodicosis in the dogs with TZL. It is important to
learn more about aberrant phenotypes in canine lymphomas,
not only for accurate diagnostic information but also for the
study of the pathophysiology of canine lymphoma.

In our study, of the 16 dogs, only 4 dogs died of lymphoma
by the end of the follow-up duration. In 3 of the 4 dogs, typi-
cal small clear cells were observed in the FNA samples of
peripheral lymph nodes obtained at the stages showing their
progressive enlargement, indicating the clinical progres-
sion of TZL. One of the 4 dogs developed DLBCL during
the disease course of TZL and died of the progression of
DLBCL revealed by the histopathological examination. The
case was included in the analysis for the OST and censored
at the onset of DLBCL in the prognostic analyses. All of
them were treated with CHOP-based chemotherapy or MP

protocol. Although the number of dogs treated with che-
motherapy was small, response rates for dogs treated with
CHOP-based chemotherapy or MP protocol were 50% and
100%, respectively. In dogs treated with prednisolone alone
or those who did not undergo chemotherapy, there were no
cases of death from progression of TZL. A previous report
concluded that combination chemotherapy seemed to be less
effective in dogs with TZL, compared with that of more ag-
gressive lymphomas [25]. It was also reported that systemic
chemotherapy, such as CHOP-based chemotherapy, did not
make a difference in improvement of outcome, and thus,
watchful waiting may be a reasonable approach in the early
phase of the disease [7]. The findings from this study also
concluded that therapeutic intervention based on aggressive
chemotherapy was not necessarily required for all dogs with
TZL. Moreover, MP protocol could be an effective and rea-
sonable approach in terms of response rate and fewer side
effects, if chemotherapy is required.

Clinical features associated with TZL were characterized
in most cases by systemic generalized lymphadenopathy,
splenomegaly and/or hepatomegaly, or lymphocytosis.
There have been no criteria for initiation of treatment and
therapy protocols, and therefore, chemotherapy was started
for the cases with conceivable disease-related symptoms,
such as extreme fatigue, occurrence of anemia and/or throm-
bocytopenia, progressive lymphocytosis, or massive or
progressive splenomegaly or lymphadenopathy in this study.
This study included only a small number of cases. Therefore,
further studies are required to clarify the optimal timing for
the initiation of chemotherapy for canine TZL.

A watchful waiting approach was made for 6 (38%) of
16 cases in the study. During the clinical course, most cases
retained a good health performance with repeated regres-
sion and swelling of lymph nodes for a long time, and no
cases experienced the lymphoma-related death by the end of
follow-up. It could be suggested that watchful waiting may
be a reasonable approach for a proportion of dogs with TZL,
especially for dogs without problems in general conditions
and blood cytopenias.

In conclusion, TZL is a recognized subgroup of lym-
phoma in dogs. Dogs with TZL show an indolent clinical
course; however, it may be difficult to achieve a complete
remission even if using chemotherapy. Although TZL has an
indolent feature, there seems to be aberrant immune function
in dog patients suffered from this disease as revealed by the
frequent development of demodicosis.
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