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Abstract 

Published studies, taken together, suggest the existence of a single canine lymphoma entity, with a small clear cell appearance 

by cytological evaluation, a histopathological T-zone pattern and an aberrant CD45-negative T-cell phenotype, mostly 
characterized by long-term survival. We describe clinical presentation and outcome in a retrospective case series of canine small 
clear cell/T-zone lymphoma. Despite the reported predisposition of Golden retriever, this breed was not represented in our case 
series. Most dogs presented with stage V disease, whereas only few had clinical signs or peripheral cytopenias. Blood was almost 

always more infiltrated than bone marrow. Median survival confirmed the favourable prognosis described in literature, but a few 
dogs died within a short time. Also, a subgroup of dogs developed second malignancies, eventually leading to death. We did 
not investigate possible prognostic factors because of the wide variety in treatments, and further studies are needed to identify 
high-risk animals. 

 



Introduction 

Canine lymphoma is a heterogeneous disease, made up of several distinct subtypes. Many classification systems have been proposed 

over the years, focus- ing on different characteristics, including cytolog- ical appearance, phenotype and histopathological pattern, 

thereby reducing the ability to compare results from different studies, because of the varied inclusion criteria and adopted 

classifications schemes. 

In 2010, a new lymphoma classification pro- posal was published and the authors attempted to merge several morphological 

features, such as cytology, histopathology and phenotype into one single system.1 Interestingly, this study highlighted that 

lymphomas with cytological small clear cell appearance may be considered suggestive, althoughnot conclusive, of T-cell phenotype 

and represen- tative of T-zone lymphoma (TZL). More recently, our research group highlighted a high prevalence of phenotypic 

aberrancies in canine small clear cell lymphoma, mostly a lack of CD45 expression, which accounted for >95% of the cases.2 At 

the same time, another study demonstrated that 100% of canine CD45-negative T-cell neoplasia were his- tologically defined as 

TZL.3 Taken together, these three studies suggest that lymphomas with a small clear cell appearance by cytology, a nodular pattern of 

expansion from cells derived from the paracortex by histology and a negative staining for CD45 by flow cytometry (FC), frequently 

associated with an aberrant CD21 expression, represent a single entity. 

To date, the clinical presentation and character- istics of dogs with this lymphoma subtype have only 

been summarily described.3,4 Because of its indo- lent nature, a long survival is to be expected.3 – 5 

However, one study reported a median survival of only 55 days for dogs with indolent T-cell lymphomas and advanced stage, 

including small lymphocytic lymphomas and TZL.6 It may be possible that a subgroup of TZL harbours a poor prognosis. The aim 

of this study was to describe the clinical presentation and outcome in a retrospective series of canine CD45-negative small clear cell/TZL. 

 

Materials and methods 

The FC databases of the authors’ institutions were interrogated from January 2009 to December 2014, and the CD45-negative, small 

(FSC-height <400) T-cell lymphoma cases were selected. Additional inclusion criteria were a cytological diagnosis of small clear 

cell lymphoma and when available a confirmed histopathological diagnosis of TZL.7,8 

Flow cytometric immunophenotyping on lymph node (LN) aspirates collected into RPMI (Sigma Aldrich, St Louis, MO, USA) was 

performed as pre- viously described,9 using a multicolour approach including antibodies against CD45, CD44, CD18, CD3, CD5, 

CD21, CD4 and CD8 (Table 1). If 

available, peripheral blood (PB) and/or bone marrow (BM) samples collected into ethylenedi- aminetetraacetic acid (EDTA) tubes 

were analysed with an automated haemocytometer (Sysmex XT- 2000iV; Sysmex, Kobe, Japan) and examined via FC to quantify 

infiltration. BM samples were 

considered eligible for FC only if purity was ≥80% according to the following formula: [1 − (BM ery-throcytes/PB erythrocytes) × 

(PB leukocytes/BM leukocytes)] × 100%.10  Samples  were  acquiredeither with a FACScalibur or with a BD Accuri C6 (Becton 

Dickinson, San Josè, CA, USA) and analysed using the specific software CellQuest Pro or CFlow Plus (Becton Dickinson). 

PB and BM samples were considered infiltrated if a distinct CD45-negative population with similar phenotype shown in the LN was 

detected. Infiltra- tion was then quantified as the percentage of neo- plastic cells out of the total events acquired, after exclusion of 

debris and platelets based on mor- phological scattergrams. The neoplastic phenotype, PB and BM infiltration degree were recorded 

for each case. 

Clinical data were obtained from the medical records and by phone calls to the referring vet- erinarians. Background information 

collected for each dog included signalment, presence or absence of clinical symptoms, complete blood count (CBC) at diagnosis, 

treatment (if any), date and cause of death. Haematological abnormalities were defined as values out of the laboratory reference 

interval (RI). 

Clinical stage was based on the World Health Organization (WHO) criteria for canine lymphoma; however, splenic, liver, PB and BM 



aspirates were not routinely performed and therefore it was not possible to definitively differentiate stage III from stage IV or V 

disease in some cases. 

Median survival time was calculated via SPSS v17.0 for Windows. Survival time was defined as time between diagnosis and 

death. Dogs that died or were euthanized because of lymphoma (including deterioration of clinical conditions without any other 

identifiable cause) were recorded as events; dogs lost to follow up, dead for unre- lated causes or still alive at data analysis closure 
were censored. Because of the wide range of treatment protocols, prognostic factors were not investigated. 

 

Results 

Clinical presentation 

Fifty-one dogs met the inclusion criteria. Cytology confirmed a small clear cell appearance in all cases, whereas histopathology 

confirmed TZL in the eight cases also undergoing lymphadenectomy. Breed was reported for 43 dogs, including 33 (76.7%) pure 

breed dogs and 10 (23.3%) mixed-breed dogs. The most represented breeds were Boxer (n = 5), English bulldog (n = 3), Labrador 

retriever (n = 3) and Shih tzu (n = 3). Sex was reported for 47 dogs. Among these, 23 (48.9%) were male (2 neutered) and 24 

(51.1%) were female (12 spayed). Age was reported for 44 dogs. Overall mean age was 9.9 ± 2.3 years (median 10 years; range, 

5 – 14 years). In particular, 18 (40.9%) dogs were <10 years old and 26 (59.1%) were ≥10 years old. CBC data were available for 44 

dogs. Four (9.1%) dogs had a mild anaemia, 3 (7.3%) had thrombo- cytopenia, 2 (4.5%) had leukopenia and 17 (38.6%) had 

leukocytosis, 4 (9.1%) had neutropenia and 8 (18.2%) had mature neutrophilia, 2 (4.5%) had lymphopenia and 28 (63.6%) had 

lymphocytosis. Overall mean white blood cell (WBC) count was 17.59 ± 10.52 × 103/µL (median 14.39 × 103/𝜇L; range, 0.8 –45.72 × 

103/𝜇L); overall mean neu- trophil count was 8.24 ± 5.44 × 103/𝜇L (median 6.73 × 103/𝜇L; range, 0.59 –27.2 × 103/𝜇L); overall     

mean     lymphocyte     count      was 8.31 ± 6.61 × 103/𝜇L (median 6.95 × 103/𝜇L; range, 0.12 – 30.76 × 103/𝜇L). In 20 (39.2%) cases, 

neoplastic cells were CD8+, in 17 (33.3%) cases cells were CD4 – CD8 double negative, in 8 (15.7%) cases cells were CD4+, in 4 

(7.8%) cases cells were CD4 –CD8 double positive and in 2 (3.9%) cases two distinct CD45-negative populations were identifiable, 

staining positive for CD4 and CD8, respectively. Forty-two (82.4%) cases stained positive for CD21. Stage was reported for 43 dogs; 

however, staging procedures largely varied among veterinarians and were not standardized. One (2.3%) dog had stage I disease, 1 

(2.3%) dog had stage III disease, 1 (2.3%) dog had stage IV disease and 40 (93%) dogs were classified as stage V because of PB and/or 

BM flow cytometric infiltration; in addition, skin and lungs were presumed to be involved in one case each. The dog with skin 

involvement presented multifo- cal itchy alopecia of abdomen, neck and pinnae; histopathological examination of cutaneous biop- 

sies from the neck and the abdomen revealed a diffuse subepidermal infiltration by small lympho- cytes. Lung involvement was 

diagnosed based on thoracic radiographs, that revealed a generalized multifocal interstitial structured pulmonary pat- tern, and 

cytological examination of a percutaneous fine needle aspiration, that was suggestive of round cell tumour, whereas bronchoalveolar 

lavage was negative for lymphomatous cells. 

Substage was reported for 22 dogs. Among these, 18 (81.8%) were asymptomatic (substage a), whereas 4 (18.2%) had clinical signs 

(substage b), mainly dyspnoea because of enlarged submandibu- lar LNs. PB and BM samples were analysed via FC in 40 and 12 

dogs, respectively, and all of them proved to be infiltrated. Overall mean PB infiltra- tion was 34.6 ± 17.53% (median 35.07%; range, 

0.93 –64.6%). Overall mean BM infiltration was 6.85 ± 7.88% (median 2.15%; range, 0.5 – 24.1%). In the 12 cases that had BM 

analysed, mean PB infiltration was 24.64 ± 14.41% (median 27.1%; range, 1.8 –41.65%); in particular, PB infiltration was higher 

than BM in all cases but one. Flow cytometric scattergrams of LN, PB and BM from one representative case are shown in Fig. 1. 

Clinical features are listed in Table 2. 

 

Outcome 

Follow-up data were available for 26 dogs. Four dogs received no therapy after diagnosis, 3 received corticosteroids alone and the 



remaining 19 dogs were treated with different protocols, including dose-intense (n = 12) and metronomic (n = 7) 

chemotherapy.months. Among the remaining 18 dogs, 2 were lost to follow up after 120 and 386 days, respectively, 5 dogs died 

because of unrelated causes and 11 were still alive at data analysis closure, with a median follow-up time of 335 days (range, 50 – 

1150). Interestingly, three dogs (12%) developed a sec- ond malignancy during the study period (glioma, melanoma and oral 

carcinoma): two of them died because of the second malignancy, whereas the dog with oral carcinoma was still alive at the end of the 

study after 1150 days from the diagnosis. 

 

Discussion 

The existence of a CD45-negative, small clear cell/T-zone distinct lymphoma subtype showing an indolent clinical course may 

be presumed in dogs.1 – 5 This study retrospectively describes the 

clinical presentation and outcome of a case series of dogs affected by this particular lymphoma subtype. Until now, only few studies 

have described the clinical presentation of dogs with TZL.3,4 In agreement with previous data, adult dogs are usually 

affected, and there seems to be no sex predilection.3 In previous reports, Golden retrievers were the dominant breed, suggesting 

a possible genetic risk factor.3 Interestingly, no Golden retrievers were present in our case series, possibly being attributable to a 

different genetic background among countries or, less likely, to a lower prevalence of this breed in Italy. Further studies should be 

performed to highlight possible similarities and differences in the genetics within 

the Golden retriever population. 

Although staging was not undertaken in every dog, the majority of dogs in the present case series had an advanced clinical stage at 

presentation, in agreement with a previous study.6 Despite this and in contrast to high grade T-cell lymphomas, prog- nosis was not 

inexorably poor, thereby questioning the utility of the WHO system to stage indolent lym- phomas. It is possible that other variables may 

show a more useful prognostic significance for this lym- phoma subtype. 

When available, PB and BM were always infil- trated. Neoplastic cell percentages were mostly higher in PB samples compared with 

BM samples. This phenomenon may be because of an overspill  phenomenon, when nodal neoplastic cells are released into the 

blood circulation, rather than to BM invasion and homing. However, TZL main- tains a nodular pattern in the LN, as demonstrated 

by histopathology. The mechanisms underlying this peculiar distribution of neoplastic cells in the organism should be investigated 

via further studies. A role might be played by the lack of CD45, since the inhibition of this phosphatase impaired motility and homing 

of both normal and leukemic humans cells in a recent study.11 The small degree of BM infiltration might also explain the low 

prevalence of peripheral cytopenias reported in the present study and in the study by Seelig et al.3 

The median survival in this study is compara- ble with those already reported in the literature.3 – 5 

Interestingly, three dogs died within a short period from the diagnosis. Two of them showed clini- cal symptoms at diagnosis, 

whereas substage was not reported for the third case. Substage b is a well-known negative prognostic factor in canine high 

grade lymphomas. The same prognostic sig- nificance may be held true in indolent lymphomas, thereby explaining the short survival 

of these dogs. About 10% of the cases included here devel- 

oped a second malignancy. This event has already 

been reported in dogs12 and people13 – 15 with lym- phoma. The causes underlying the development of second malignancies are still 

unclear, but treatment, 

above all alkylating agents, has been associated with subsequent malignant neoplasms in human medicine.16 – 18 Two of three dogs 

developing sec- 

ond malignancy in this study had received alkylat- ing chemotherapy. 

Another possible explanation for second malig- nancy development is a genetic predisposition to cancer. Indeed, neoplastic 

transformation is based on genetic abnormalities of many different genes (oncogenes, tumour-suppressor genes and stability genes), 

which can occur in the germ line, result- ing in hereditary predisposition to different types of cancer or in somatic cells, resulting in 



sporadic tumours.19 

The major limits of this study are inherent to its retrospective nature. Indeed, for almost half of the included population, clinical 

data were missing because not reported or retrieved by the referring veterinarians. Also, staging workup varied among veterinarians, 

possibly leading to under-staging of cases. Finally, we were not able to perform survival analysis because of the huge variety of 

treatment regimens adopted. Unfortunately, treatment in dogs with lymphoma are not standardized yet and also the choice whether to 

treat or not is left to owners. In conclusion, this study reports the clinical pre- sentation and the outcome of a series of dogs diag- 

nosed with CD45-negative small clear cell/TZL. The majority of dogs had stage V disease, were not symptomatic (substage a) and 

peripheral cytope- nias were uncommon. The reported predisposition of Golden retrievers to develop TZL was not con- firmed by 

our results. Canine TZL is known to bear a good prognosis with long survival times, even ifa subset of dogs in our study died within 

few weeks. Further prospective studies on larger case series, with standardized staging workup and treatment regimens, and longer 

follow-up times are needed to 

confirm our results. 
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