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ABSTRACT 

Lymphoma is the most common hematopoietic neoplasm in dogs, representing 

approximately 83% of all canine hematopoietic malignancies. This fact combined with 

its high chemo-sensitivity makes it one of the most commonly treated cancer in dogs. 

Staging dogs with cancer is important to correctly choose a therapy, monitor 

response to treatment, establish prognosis, and stratify dogs for clinical trials. Canine 

lymphoma is staged using the staging scheme established by the World Health 

Organization, which classifies dogs as stage I through V based on the anatomic site(s) 

affected and substage a or b based on presence of clinical signs related to the tumor. The 

lack of consensus regarding the standard diagnosis tests required before assigning a 

patient its stage, can result in stage migration (change to both lower or higher disease 

stage due to the use of more sensitive staging tests). 

The goal of this retrospective study was to evaluate the impact of different 

diagnostic techniques in the staging of canine muticentric lymphoma and to determine 

whether multiple staging methods result in significant stage migration.  

Twenty three dogs cytologically diagnosed with multicentric lymphoma were 

staged using four different staging methods: method A (physical examination, CBC, 

blood smear), method B (physical examination, CBC, blood smear, thoracic X-ray, 

abdominal ultrasound), method C (physical examination, CBC, blood smear, thoracic X-

ray, abdominal ultrasound, liver and spleen cytology) and method D (physical 

examination, CBC, blood smear, thoracic X-ray, abdominal ultrasound, liver and spleen 

cytology, bone marrow cytology). Stage migration was observed between all staging 

methods. The differences between staging methods A and B were statistical significant 

(P ≤0,001). 

Eighteen of the 23 dogs (78,3%) were followed up through the treatment. Twelve 

dogs (66,7%) experienced a complete response while 6 dogs (33,3%) developed  

progressive disease. The overall response rate after the first cycle of chemotherapy 

treatment was 66,7%. No significant statistic association was found between patient’s 

response to treatment at 6-week mark and the different staging methods used (P>0,05). 

Regarding the development of side effects, all 18 dogs followed experienced at least one 

adverse event, GI or/and hematologic, throughout the treatment. Seven dogs (38,8%) had 

dose reductions; 1 dog (5,6%) had one treatment delay and 2 dogs (11,1%) required drug 

substitution. A significant statistical association was found between patient’s body weight 

and weight loss (P=0,036) and patient’s body weight and diarrhea (P=0,036). Likewise, 
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a significant association was found between WHO clinical substage and patient need for 

hospitalization (P=0,048), with substage b animals having more hospitalization events 

than substage a animals. 

The results of this study show that applying standardized staging methods would 

be helpful in order to avoid stage migration, which is a phenomenon that hinders the 

accurate comparation of results obtained by different research teams.  
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RESUMO 

O linfoma é o tumor hematopoietico mais comum em cães, representando 

aproximadamente 83% de todas as neoplasias malignas hematopoiéticas caninas. Esse 

facto, associado à sua alta sensibilidade à quimioterapia, torna-o uma das neoplasias mais 

frequentemente tratadas em cães.  

O estadiamento das neoplasias em cães é importante para a escolha da terapia mais 

adquada, para monitorizar a resposta ao tratamento, para estabelecer um prognóstico e 

para selecionar animais para ensaios clínicos. O linfoma canino é estadiado utilizando o 

esquema estabelecido pela Organização Mundial da Saúde em estadio I a V, com base 

no(s) local(ais) anatômico(s) afetado(s) e subestadio a ou b com base na apresentação 

clínica. A falta de consenso relativamente aos testes de diagnóstico a realizar antes de 

atribuir ao paciente o seu estadio pode resultar em “Stage migration” (migração para um 

estadio inferior ou superior devido ao uso de testes de estadiamento mais sensíveis). 

Este estudo retrospetivo teve como objectivo avaliar o impacto que diferentes 

técnicas de diagnóstico têm no estadiamento do linfoma muticêntrico canino e determinar 

se múltiplos métodos de estadiamento resultam em “Stage migration” significativa. 

Vinte e três cães diagnosticados com linfoma multicêntrico via exame citológico 

foram estadiados aplicando quatro métodos de estadiamento diferentes: método A (exame 

físico, CBC, esfregaço sanguíneo), método B (exame físico, CBC, esfregaço sanguíneo, 

radiografia torácica, ecografia abdominal), método C (exame físico, CBC, esfregaço 

sanguíneo, radiografia torácica, ecografia abdominal, citologia de fígado e baço) e 

método D (exame físico, CBC, esfregaço sanguíneo, radiografia torácica, ecografia 

abdominal, citologia de fígado e baço, citologia de medula óssea). O fenómeno de “stage 

migration” foi observado entre os quatro métodos de estadiamento. As diferenças entre 

os métodos A e B foram estatisticamente significativas (P ≤ 0,001). 

Dezoito dos 23 cães (78,3%) foram acompanhados ao longo do tratamento. Doze 

cães (66,7%) tiveram resposta completa e 6 cães (33,3%) desenvolveram doença 

progressiva. A taxa de resposta ao primeiro ciclo de quimioterapia foi 66,7%. Não foi 

encontrada uma associação estatística significativa entre a resposta ao tratamento e os 

diferentes métodos de estadiamento utilizados (P> 0,05). Todos os animais 

desenvolveram efeitos secundarios, GI ou hematológico, ao longo do tratamento. Sete 

cães (38,8%) tiveram redução de dose; 1 cão (5,6%) teve um atraso no tratamento e 2 
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cães (11,1%) necessitaram de substituição de quimioterápico. Uma associação 

estatisticamente significativa foi encontrada entre o peso do paciente e a ocorrência de 

perda de peso (P=0,036) e de diarreia (P=0,036). Do mesmo modo, uma associação 

significativa foi encontrada entre o subestadio clínico e a hospitalização do paciente 

(P=0,048), com animais do subestadio b a necessitarem de hospitalização mais 

frequentemente do que os do substadio a. 

Os resultados deste trabalho revelam que o uso de protocolos de estadiamento 

padronizados evitaria o fenómeno de “stage migration” que contribui para a dificuldade 

em comparar resultados publicados por diferentes equipas de investigação. 

 

 

 

Palavras-chave: cão, linfoma multicentrico, tecnicas diagnostico, estadiamento, “stage 

migration” 
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CHAPTER 1 - BIBLIOGRAPHY REVISION: Canine lymphoma 

 

The term lymphoma describes a heterogeneous group of disorders involving a 

monoclonal proliferation of malignant lymphocytes.4 Lymphomas usually arise within 

lymphoid tissues like lymph nodes, spleen and bone marrow, although they could develop  

almost anywhere in the body.2  

There are remarkable similarities between the clinical features of canine lymphomas 

and human Non-Hodgkin lymphoma. As a matter of fact, there is a wide recognition that the 

full spectrum of lymphoid malignancies developed by humans also occur in dogs. Moreover, 

there is a notable similarity regarding both morphology and biological behavior of this 

neoplasia in both species. All of this, makes the canine specie an attractive model for the study 

of human’s lymphoma progression and therapy.4     

 

1. Epidemiology: 

The incidence of lymphomas in dogs appears to be relatively high, although the actual 

annual incidence of the disease is difficult to predict due to the absence of a national canine 

tumor registry and the lack of large-scale recent epidemiologic data.2,5 Nevertheless, lymphoma 

represents approximately 7%-24% of all canine neoplasia and 83% of all canine hematopoietic 

malignancies.2 

A large comprehensive survey of the Veterinary Medical Database in the United States 

and Canada by Priester and McKay in the late 1970s, and the reports from hospital records and 

insurance databases in the United Kingdom and the Netherlands reveled that certain dog breeds 

had statistically significant increased risk to develop lymphoma compared to the average risk 

of all dogs.4 Some of the predisposed breeds included: Boxer, Bullmastiff, Rottweiller, Scottish 

terrier, Basset Hounds, Bulldogs, Airedales and St. Bernards. On the opposite side, breeds such 

as the Dachshunds and Pomeranians are considered at low risk of developing this disease.2,6 

It’s important to point out that, even though such data may apply regionally, breed-specific 

epidemiologic data should be interpreted with caution due to the global variation in breed 

popularity. As a matter of fact, the genetic basis for breed-specific susceptibility to lymphoma 

is unknown.5 

Dogs between 6 and 9 years old (middle-aged to older animals) are primarily affected, 

even though some variations may occur according to breed and type of lymphoma. Breeds 
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reported to develop lymphoma at a younger age include Golden Retrievers, Bullmastiffs and 

Bulldogs, which are mainly large dog breeds that have naturally shorter lifespan. Cutaneous 

epitheliotropic lymphoma usually is diagnosed in older dogs (9-11 years old) whereas thymic 

lymphoma is more commonly diagnosed in younger dogs (around 5-6 years old).5 

 

2. Etiology: 

Lymphoma in dogs is considered to be a sporadic cancer.5 The etiology of canine 

lymphoma is largely unknown, being currently believed to be multifactorial.2  

Genetic and molecular factors are among the possible lymphoma etiologies with gains 

on dog’s chromosomes 13 and 31 and loss on chromosome 14 being the most common genetic 

alterations found.5 Moreover, differences in the prevalence of immunophenotypic subtypes of 

lymphoma among different breeds suggests a heritable factor. Breed-specific genetic changes 

have been reported (e.g. deletions on chromosome 14 are more common in B-cell lymphoma 

of Golden retrievers relative to other dog breeds).5 

Another possible etiology of canine lymphoma involves infectious factors, such as virus. 

However, the involvement of etiologic agents analogous to Epstein-Barr herpesvirus or T-

lymphotropic retrovirus in humans, has not been confirmed in canine lymphoma .2,5 

Environmental factors have been also proposed as an etiology of canine lymphoma. In 

France, an association between geographic locations of waste incinerators, pollution and 

radioactive waste storage and frequency of canine and human lymphoma has been made. 

Similarly , some studies associated the use of 2,4-dichlorphenoxyacetic acid herbicide in lawns 

to a higher risk of development of lymphoma, both in humans and dogs .2,5 

In dogs, immunodeficiency hasn´t been identified as a contributing factor for the 

development of lymphoma.5 Nevertheless, some immune system alterations and allergic 

diseases in the dog, such as immunemediated thrombocytopenia and atopic dermatitis, have 

been associated with a higher risk of subsequent development of lymphoma comparing to the 

normal population.2  

 

3. Classification and Pathology: 

 The classification of lymphoma can be made based on anatomic location, histologic 

criteria and immunophenotypic characteristics. These classification systems have as final goal 

to help the clinic by establishing correlations between lymphoma types and response to therapy, 

maintenance of remission and survival time.    
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The anatomical classification of lymphoma is based on the anatomical location of the 

disease. The most common anatomic forms, in order of decreasing prevalence, are multicentric 

(84%), gastrointestinal (7-5%), mediastinal (5%) and cutaneous. Lymphoma can also appear in 

other locations besides the lymphatic system such as the eyes, the central nervous system, the 

bone marrow, the bladder, the heart and the nasal cavity, in a primary extranodal form.2 The 

multicentric form is usually characterized by the presence of peripheral lymphadenopathy. The 

alimentary form is reported to be more common in males than in females and usually involves 

multiple segments, although it can also appear focally. Liver and local lymph nodes are often 

secondarily involved. The mediastinal form is characterized by the enlargement of the 

mediastinal lymph nodes, thymus or both. This form is most commonly associated with a T-

cell phenotype and is relatively common for this animals to present hypercalcemia. The 

cutaneous lymphoma is classified as epitheliotropic (mycosis fungoides), usually of T-cell 

origin, or non-epitheliotropic, and it can be solitary or more generalized. The hepatosplenic 

lymphoma is an unusual and biological aggressive, usually of T-cell origin, form of lymphoma 

characterize by the affection of the liver, spleen and bone marrow, in the absence of peripheral 

lymphadenopathy. The intravascular lymphoma is characterize as a proliferation of neoplastic 

lymphocytes, usually of T-cell or null cell origin, within the lumen and wall of blood vessels in 

the absence of a primary extravascular mass or leukemia. This lymphoma is usually found in 

the central and peripheral nervous system, including the eye.2 

The histological classification is complex. There are many histologic systems design to 

classify human Non-Hodgkin lymphoma. Some of these schemes have been applied to canine 

lymphoma. Among these are the Kiel and Working Formulation classifications (Table 1). Each 

of these schemes uses morphologic and architecture criteria to classify lymphoma.5 The 

Working formulation categorizes tumors according to pattern (diffuse or follicular) and cell 

type (eg large cell, small cleaved cell), but it does not include information regarding the 

immunophenotype. On the other hand, the updated Kiel classification takes into account the 

architectural pattern, morphology (centroblastic, centrocytic and immunoblastic) and the 

immunophenotype (B-cell and T-cell) of the tumor cells. Regardless of the system used, the 

tumors can then be categorized as low-grade (small cells with a low mitotic rate), intermediate 

grade or high grade (high mitotic rate).2 A classification for canine lymphoma using a modified 

WHO classification has been published7  and is slowly gaining acceptance.4 It is established 

that approximately 85% of canine lymphomas are high-grade tumors with diffuse or nearly 
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diffuse architecture, 10% are low-grade tumors with diffuse architecture composed of small 

cells and the remainder comprises follicular or nodular tumors.5 

 

Table 1- Kiel and Working formulation classification systems (adapted from Greenlee, 1990. Lymphomas in 

dogs A morphologic, immunologic and clinical study). 

Kiel classification System Working Formulation 

Low-grade lymphomas 

Lymphocytic 

Lymphoplasmacytic 

Lymphoplasmacytoid 

Centrocytic – like 

Centroblastic – centrocytic 

 

High-grade lymphomas 

Centroblastic 

Lymphoblastic 

Immunoblastic 

 

Low grade 

Small lymphocytic 

Follicular small cleaved cell 

Follicular mixed small cleaved and large 

cell 

 

Intermediate grade 

Follicular large cell 

Diffuse small cleaved cell 

Diffuse mixed small and large cell 

Diffuse large cell 

 

High grade 

Immunoblastic 

Lymphoblastic 

Small noncleaved cell  

 

The immunophenotyping classification allows to assess if the lymphoma is of B or T 

cell lineage. Therefore, classifications are based on the detection of T (CD3, CD5, CD4 or CD8) 

or B (CD79a, CD20, CD21, IgM or IgG) lymphoid cells. Such assessment requires a single 

labelling of membrane or an additional permeabilisation step for intra-cellular antigens such as 

CD79a and CD20.8 This technique can be performed on paraffin-embedded samples, from 

tissue microarrays (immunohistochemistry), on cytologic samples obtain by FNA 

(immunocytochemistry) or by flow cytometric analysis of cellular fluid samples (e.g. peripheral 

blood or effusions), or FNA samples.2 The diagnosis of lymphoproliferative disease is made by 

establishing that a homogeneous population of cells is expanded beyond the expected reference 

range, or by identifying a population of cells with an aberrant immunophenotype.9 Around 60% 
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to 80% of canine lymphomas are of B-cell lineage, 10% to 38% are of T-cell origin and about 

22% are of mixed B- and T-cell. Null cell tumors (neither B-cell nor T-cell immunoreactive) 

represent less than 5% of all canine lymphomas.2  

 

4. Clinical signs and Paraneoplastic syndromes: 

 The clinical signs observed in canine lymphoma are widely diverse depending on the 

extent and location of the tumor.2  Multicentric lymphoma, the most common form of the 

disease, usually presents itself as a painless peripheral lymphadenopathy, with enlarge rubbery 

peripheral lymph nodes. Less commonly the animal can reveal other symptoms due to the 

infiltration of the liver, spleen, gastrointestinal tract and/or bone marrow.11 Most of the dogs 

with multicentric lymphoma don’t show dramatic signs of systemic illness, nevertheless, a large 

array of nonspecific signs like anorexia, weight loss, vomiting, diarrhea, emaciation, ascites, 

dyspnea, polydipsia, polyuria and fever may occur. The dog may also reveal other clinical signs 

such as weakness, hematomas, hemorrhage or sepsis due to marked tumor infiltration of the 

bone marrow (myelophthisis) or paraneoplastic anemia, thrombocytopenia or neutropenia. 

Respiratory signs may also be observed due to diffuse pulmonary infiltration (seen in 27-34% 

of dogs).2 

There are some paraneoplastic syndromes related to canine lymphoma. Anemia is the 

most common one.2,45 Hypercalcemia is also relatively common, especially in T-cell 

lymphomas. This condition results from the parathyroid hormone-related peptide elaborated by 

neoplastic cells. Nevertheless, several other humoral factors such as interleukin-1, tumor 

necrosis factor-α, and vitamin D analogs may be related to this syndrome. Clinically this 

paraneoplastic syndrome manifests itself by anorexia, weight loss, muscle weakness, lethargy, 

polyuria/polydipsia and, less frequently, central nervous system depression and coma. Other 

paraneoplastic syndromes that may be encountered include monoclonal gammopathies and 

cancer cachexia.2 

 

5. Differential diagnosis: 

The differential diagnosis considered in canine lymphoma depend on the form of 

lymphoma and organs involved. Regarding multicentric lymphoma, the differential diagnosis 

of lymphadenopathy depends on the size, consistency and location of the affected lymph nodes. 

Infectious diseases are one of the main differentials. This include infections caused by bacteria, 

viruses, parasites (Toxoplasma sp., Leishmania sp.), rickettsial organisms (Ehrlichia sp.) and 
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fungus (Blastomyces and Histoplasma sp.). On the other hand, metastatic tumors such as mast 

cell tumors and carcinomas, are the main differential for discrete, hard, asymmetric lymph 

nodes, especially if they are fixed to underlying tissues. Immune mediated diseases such as 

pemphigus or systemic lupus erythematosus, may also be considered in mild-to-moderately 

enlargement of the lymph nodes.2 

 

6. Diagnostic workup and staging: 

In human medicine, the diagnostic workup for patients with Non-Hodgkin lymphoma is 

standardized. The initial diagnostic evaluation for people suspected of Non-Hodgkin lymphoma 

always include: diagnostic biopsy, complete blood count (CBC), chemistry panel, lactate 

dehydrogenase level, β2-microglobulin level, thoracic radiography, computed tomography 

scans of thorax, abdomen and pelvis, bone marrow cytology, cardiac evaluation, and human 

immunodeficiency virus and hepatitis screening. Moreover, additional test such as magnetic 

resonance imaging and positron emission tomography, may be performed according to each 

individual case. In opposition, in veterinary medicine, the initial diagnostic evaluation for dogs 

with lymphoma is not well establish and standardized.85 Staging dogs with cancer is important 

to correctly chose a therapy, monitor response to treatment, establish prognosis, and stratify 

dogs for clinical trials. However, the lack of consensus and standard diagnosis tests require to 

determine stage  in canine multicentric lymphoma, can result in stage migration due to detection 

of disease that wouldn’t have been identified with simpler diagnosis techniques.86 Stage 

migration consists in the change to both lower or higher disease stage due to the use of more 

sensitive staging tests.86   

 

6.1.Clinical history and Physical examination 

A comprehensive clinical history and physical examination provide the basis for patient 

evaluation. Clinical history should include information regarding possible risk factors for 

lymphoma such as exposure to chemicals and family history.11 While preforming the physical 

examination all assessable lymph nodes should be palpated and the accurate size should be 

taken by two-dimensional measurement. Abdominal palpation should always be performed to 

evaluate the position of the liver and spleen relatively to the costal arch to assess the presence 

of organomegaly.11 Rectal examination can also be perform since a significant proportion of 

dogs have rectal polyps consisting of aggregated of neoplastic lymphocytes. Inspection of 

mucous membranes for icterus, pallor, petechiae and ulceration is important since this may 
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indicate anemia or thrombocytopenia secondary to myelophthisis or immune mediated disease. 

Thoracic auscultation is important to detect possible pleural effusion. An ophthalmologic 

examination may also provide relevant information since approximately one-third to one-half 

of dogs with lymphoma has ocular abnormalities (e.g. uveitis, retinal hemorrhage).2  

 

6.2. Laboratory analysis 

 Baseline laboratory analysis of patients must include a complete and differential blood 

cell count and a biochemical profile including lactate dehydrogenase (LDH), uric acid, 

potassium, calcium (with ionized calcium measure) and phosphorus. These last four parameters 

are especially important to identify dogs with higher risk of tumor lysis syndrome, which can 

be triggered by chemotherapy.11 The most common lymphoma related abnormality is 

normochromic and normocytic (nonregenerative) anemia (anemia of chronic disease). 

Nevertheless, hemorrhagic and hemolytic anemias may also occur in the form of regenerative 

anemia. Moreover, in the presence of significant myelophthisis thrombocytopenia and 

leukopenia may also be present.  Even though 30% to 50% of the animals present 

thrombocytopenia, bleedings are rarely a problem. Neutrophilia and lymphocytosis are present 

in 25% to 40% and 20% of the dogs, respectively. Cytological and flow cytometric analysis of 

peripheral blood should be perform to identify circulating neoplastic cells.2 Circulating atypical 

lymphocytes may indicate bonne marrow involvement and leukemia. Animals with alimentary 

form present more commonly hypoproteinemia. Monoclonal gammopathies occur 

approximately in 6% of dogs with lymphoma. Serum electrophoresis may be perform in animals 

with high total protein or evidence of an increased globulin fraction on a chemistry profile in 

order to evaluate serum proteins.2 The serum biochemical abnormalities observed depend of 

the organs affected and paraneoplastic syndromes. An increase of urea nitrogen and creatinine 

concentrations may be secondary to tumor renal infiltration, hypercalcemic nephrosis or 

prerenal azotemia due to dehydration. Increase liver-specific enzymes and/or bilirubin 

concentrations may indicate hepatic parenchymal infiltration. Urinalysis is important to 

evaluate renal function.2 

 Alpha-fetoprotein, alpha-1 glycoprotein levels, vascular endothelial growth factor 

(VEGF), metalloproteinase 2 e 915, lactate dehydrogenase, c-reactive protein and 

haptoglobin47  are some of the markers explored as possible serum biomarkers of lymphoma 

in dogs.2  
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 6.3. Cytological and Histological evaluation  

A cytological and/or histologic evaluation of lymph nodes is essential for a conclusive 

diagnose of lymphoma. The samples to perform cytological evaluation can be obtained with 

fine needle aspiration (FNA) of a peripheral lymph node (preferably pre-scapular or popliteal)  

or other tissues, which allow a quick, accurate and cost-effective method of diagnos𝑖𝑠.11 For 

these reasons, FNA is the most widely employed first-line diagnostic approach.5 Typically, 

most of the cells are large lymphoid cells (more than 2 times the diameter of a red blood cell or 

larger than a neutrophil) and they may have visible nucleoli and basophilic cytoplasm or fine 

chromatin with indistinctive nucleoli. Although cytological evaluation of canine lymphoma 

samples has high sensitivity and specificity, and FNA samples are suitable for 

immunocytochemistry, flow cytometry, detection of clonal antigen receptor gene enlargement 

and genetic investigation,5 histologic sections allow a more accurate classification of 

lymphoma as low-, intermediated- or high-grade.2,11 In human medicine, histopathology is the 

gold standard for the diagnosis of lymphoma. However, since the majority of canine 

lymphomas are diffuse and intermediate to large cell type, cytology is usually sufficient for 

diagnosis.85 For a good histopathologic evaluation, the totality of the lymph node (capsule 

included) should be removed in order to avoid crush artifacts and inadequate sample size. 

Effacement of normal nodal architecture by neoplastic lymphocytes and capsular disrupting are 

characteristic findings.2   

 

6.4. Molecular techniques 

Molecular techniques can be used to establish the diagnosis or to further characterize 

the tumor after the diagnostic is made. These analysis involve histochemical and cytochemical, 

immunohistochemical and immunocytochemical, flow cytometric, and polymerase chain 

reaction (PCR) techniques.2,14 Routinely, only the determination of the immunophenotype 

proliferation rate and clonality assays are used in dogs.2  

Since, theoretically, the malignant cell population is derived from expansion of a single 

malignant clone characterized by a particular DNA region unique to that tumor, clonality is 

considered the hallmark of malignancy. In opposition, in reactive lymphocytosis the cells are 

polyclonal for their antigen receptors. Using this knowledge, PCR technology has been use to 

amplify the variable regions of the T-cell and immunoglobulin receptor genes for the B-cell to 

detect the presence of clonal lymphocyte populations, allowing not only the  detection of 

neoplastic cells among a heterogeneous population of reactive cells, but also, in some cases, the 
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differentiation between B- and T-cell origin.16,18 False negatives (e.g. fail in detecting the 

clonal segment of DNA with the primer used or natural killer malignant cells)  and, though rare, 

false positive (e.g. infectious diseases such as ehrlichiosis and lyme disesase) may occur in 

clonality assays. Therefore, the results of clonality assessment must always be interpreted 

together with clinical, morphologic and immunophenotypic findings.  This technique is also 

useful to detect early recurrence and to determine more accurately the clinical stage (“molecular 

remission rates”) since it is more sensitive than the standard cytologic assessment of lymph 

nodes, peripheral blood or bonne marrow.2,5  

 Once the diagnosis has been made, the extent of disease should be determined and 

categorized by the clinical stage of disease. The staging system routinely use to stage dogs with 

lymphoma is the World Health Organization guidelines (Table 2).2 

 

Table 2- World Health Organization’s clinical staging system for Lymphoma in domestic animals. 

World Health Organization’s clinical staging system 

for Lymphoma in domestic animals 

Anatomic Site 

A Generalized 

B Alimentary 

C Thymic 

D Skin 

E Leukemia (only blood and bone marrow involved) 

F Others (including solitary renal) 

 

Stage  

I Involvement limited to a single node or lymphoid tissue in a single organ (excluding bone 

marrow) 

II Involvement of many lymph nodes in a regional area (+/- tonsils) 

III Generalized Lymph node involvement  

IV Liver and/or spleen involvement (+/- stage III) 

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    

 

 More than 80% of the animals are diagnosed in advanced stages (II to IV) .2,11 The 

development and use of more sophisticated medical diagnostic techniques, has resulted in 

changes in the assessment of the extent of the disease.87 
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6.5. Imaging techniques  

  Ultrasonography and ultrasound-guided FNA of liver, spleen and abdominal lymph 

nodes and percutaneous biopsies of liver are nowadays used on a routine basis and can help 

ascertain these structures involvement.2,81 For example, the association of this two techniques 

allows not only the detection of lymphoma infiltration in an apparently normal liver, but also 

the differentiation between liver infiltration and other liver diseases (e.g. hyperplasia, 

inflammation).87 Thoracic radiographs are also commonly used.85 This exam reveals 

abnormalities in 60%-70% of the cases, the most frequent being interstitial and/or alveolar 

pattern (pulmonary infiltration) and thoracic lymphadenophaty (involving the sternal and 

tracheobronchial lymph nodes)  with widening of the cranial mediastinum.2 In human medicine, 

a new imaging technique named positron emission tomography (PET) is being used in NHL 

due to its superior specificity and sensitivity in detecting nodal and extra-nodal tumor 

involvement. The PET scanning with the glucose analogue fluorine-18-fluorodeoxyglucose is 

based on the principle that malignant tumors have a greater glucose uptake than normal tissues.  

In veterinary oncology, due to cost limitations and limited scanner and radioisotope availability, 

PET is not yet part of lymphoma stage protocols.11  

 

6.6. Bone marrow evaluation  

The need to perform bone marrow examination is currently a debated topic. Some 

oncologists affirm that bonne marrow involvement does not affect therapeutic decision and that 

bone marrow evaluation, in addition to a peripheral blood smear does not significantly influence 

stage migration. However, an association has been made between a 3% bone marrow infiltration 

with neoplastic cells and poor prognosis.82 Moreover, the absence of abnormalities in 

peripheral blood does not exclude bone marrow involvement. Likewise, the presence of 

neoplastic cells in circulation doesn’t imply bone marrow affection.83,84 Therefore, bone 

marrow analysis is considered an important step for the staging of canine lymphoma, with 

collection of a sample from one site being enough for accurate staging, since appears to be a 

uniform tumor cell distribution throughout the bone marrow.88  
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6.7. Additional tests 

Cytological evaluation of cerebrospinal fluid, thoracic fluid and mass aspirates is 

indicated in animals with central nervous system disorders, pleural effusion or an intrathoracic 

mass, respectively.2  

As staging techniques become increasingly more sensitive, staging shift is observed due 

to the detection of previously undetected lesions (“migration” to higher stage) and the detection 

of false positives (“migration” to lower stage). This phenomenon is often associated with 

improved outcome without changes in the overall survival. Therefore, the comparison of 

responses to different treatment protocols should not be made unless the same staging tests have 

been performed in all dogs of both groups.86    

There are no established guidelines for determining clinical substage. Only few studies 

include criteria for clinical substage and this criteria varies with each study (e.g. some reports 

include hypercalcemia as a condition for substage b while others rely solely on physical 

examination findings). Gastrointestinal (vomiting, constipation, diarrhea), respiratory 

(dyspnea, nasal discharge), metabolic (polyuria, polydipsia, fever) and nutritional (weight loss, 

body condition, muscle wasting) are the major clinical parameters considered in assigning 

clinical substage.17     

 

7. Treatment:  

The therapeutic approach adopted in the treatment of lymphoma patients widely varies 

depending on the stage and substage of disease, the presence or absence of paraneoplastic 

syndromes, the overall physiologic status of the patient, financial and time commitment of the 

owner and their level of comfort regarding the likelihood of treatment-related success and/or 

side effects.2 The most commonly encountered form of the disease is multicentric 

intermediated-high grade lymphoma and, currently, histopathologic and immunophenotypic 

characterization does not have a major influence in the initial treatment protocol. 

It is noteworthy that, in the majority of cases, treatment is not curative. In fact, the 

treatment’s goal is palliative, aiming the improvement of dog’s quality of life (QOL) by 

ameliorating the clinical signs, and the prolongation of survival time.11 

Without treatment most dogs with lymphoma will succumb to the disease in 4 to 6 weeks 

after diagnosis.  
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7.1. Chemotherapy 

Apart from few exceptions, canine lymphoma is a systemic disease and, therefore, a 

systemic therapy is required. .2 

The most effective chemotherapeutic agents for canine lymphoma are: doxorubicin, L-

asparaginase, vincristine, cyclophosphamide and prednisone. Second-line drugs are: lomustine, 

vinblastine, actinomycin-D, mitoxantrone, mustargen, chlorambucil, methotrexate and 

dacarbazine, 9-aminocamptothecin. Ifosfamide, cytosine arabinoside and gemcitabine appear 

to have minimal activity.2 

There are various different protocols, from single-agent protocols to combination 

chemotherapy protocols that continues indefinitely to those that are abbreviated to 6 months or 

less.2,22 Commonly, combination chemotherapy protocols have better results, with higher 

response rates and remission times, than single agent protocols.2  

Regardless of the number of combination protocols available, the majority of them are 

modifications of CHOP protocols. As a matter of fact, although B and T cell lymphomas 

typically exhibit different degrees of sensitivity to chemotherapy, with T cell being more 

chemo-resistant due to the expression of higher levels of ABC transporter proteins, CHOP 

based protocols are the most commonly used as first line therapy for both 

immunophenotypes.11,25 Recent studies propose the use of L-asparaginase and the 

incorporation of alkylating agents (e.g. lomustine, procarbazine) in first-line therapy of T-cell 

lymphomas since this appears to improve response rates and survival time.75,76 Some reports 

indicate that animals with stage V lymphomas can benefit from the inclusion of cytosine 

arabinoside to the protocol, since it seems to increase patient survival.11,25 

CHOP protocol (Table 3) is a combination of cyclophosphamide (C), doxorubicin (H - 

hydroxydaunorubicin), vincristine (O – oncovin) and prednisone (P). There are many variations 

of this protocol such as different order of drug administration, incorporation of other drugs, 

different length of protocol duration and slight different drug dosages. However they all have 

similar median disease-free intervals and overall survival time.22 CHOP protocol induces 

remission in 80% to 95% of dogs, with overall median survival times of 10 to 12 months. Only 

approximately 20% to 25% of the treated dogs exceeds 2 years. Response rates and duration of 

response varies according to the presence or absence of prognostic factors.2 
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Table 3- CHOP Wisconsin-Madison Protocol 19 weeks (adapted from Withrow and MacEwen’s Small animal 

Clinical Oncology.2) 

CHOP Wisconsin-Madison Protocol 

Week 1: Vincristine 0.7 mg/m2 IV 

               Prednisone 2 mg/kg PO, q24hr 

Week 2: Cyclophosphamide* 250 mg/m2 IV 

               Prednisone 1.5 mg/kg PO, q24hr 

Week 3: Vincristine 0.7 mg/m2 IV 

               Prednisone 1.0 mg/kg PO, q24hr 

Week 4: Doxorubicin† 30 mg/m2 IV 

               Prednisone 0.5 mg/kg PO, q24hr 

Week 6: Vincristine 0.7 mg/m2 IV 

Week 7: Cyclophosphamide* 250 mg/m2 IV 

Week 8: Vincristine 0.7 mg/m2 IV 

Week 9: Doxorubicin† 30 mg/m2 IV 

Week 11: Vincristine 0.7 mg/m2 IV 

Week 12: Cyclophosphamide* 250 mg/m2 IV 

Week 13: Vincristine 0.7 mg/m2 IV 

Week 14: Doxorubicin† 30 mg/m2 IV 

Week 16: Vincristine 0.7 mg/m2 IV 

Week 17: Cyclophosphamide* 250 mg/m2 IV 

Week 18: Vincristine 0.7 mg/m2 IV 

Week 19: Doxorubicin† 30 mg/m2 IV 

*Furosemide (1 mg/kg) is given IV, concurrent with cyclophosphamide to reduce incidence of 

sterile hemorrhagic cystitis. 

†In dogs <15 kg in body weight, a doxorubicin dose of 1 mg/kg is substituted for 30 mg/m2. 

1. All treatments discontinued after week 19 if in complete remission (CR). 

2. A complete blood count (CBC) should be performed prior to each chemotherapy. If 

neutrophil count <1500 (some use 2000), wait 5-7 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 injections. 

4. For acute lymphoblastic leukemia (ALL): Administer L-asparaginase 400 IU/kg 

subcutaneously (SQ) with each vincristine injection, until a CR is achieved. 

 

When IV administration is not possible due to owner’s opposition, a protocol of 

lomustine (70mg/ m2 PO, every 3 weeks for 5 treatments) and prednisone can be used.2 

As previous said lymphomas usually relapse due to the emergence of tumor clones or 

tumor stem cells that are inherently more resistant to chemotherapy than the original 

tumor.63,67,68  If the tumor recurrence occurs two or more months after the conclusion of the 

initial protocol, it is recommended the reintroduction of the same protocol. When re-induction 

fails or in the face of persistent disease that resists first line chemotherapy, rescue protocols are 

attempted. This second line chemotherapy involves the use of drugs not used in the first 

treatment. This protocols include single agent use or a combination of drugs. Examples of these 

are: mechlorethamine and procarbazine (MOPP protocol), D-actinomycin, cytarabine and 
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melphalen (DMAC protocol), lomustine and dacarbazine or L-asparaginase, single agent 

dacarbazine or temozolomide and single agent lomustine .11 The response rates to rescue 

protocols go from 40% to 90% and they usually last 1,5 to 2,5 months.2  

In human medicine relapse NHL is sometimes successfully treated with high-dose anti-

cancer therapy and bone marrow transplantation. Bone marrow transplantation allows the use 

of higher doses of chemotherapeutic drugs and/or total body radiotherapy. Autologous bone 

marrow transplantation (auto-transplantation) has been used in dogs, resulting in prolonged 

survival times.11,48 

 

7.2. Immunotherapy  

Immunotherapeutic approaches have been tested for the treatment of canine lymphoma. 

The expanding knowledge of cancer gene expression and identification of altered proteins 

allows the development of drugs that specifically target these proteins. Tumor vaccination’s 

final goal is to induce a specific immune response against the neoplastic cells. Some clinical 

trials performed showed longer survival times following autogenous tumor vaccination.2,11 

Murine-derived Mab (231) used as maintenance therapy in dog where complete response had 

been achieved after traditional chemotherapy, has been tested with promising results.2,11 

Immunotherapy administered to dogs in complete remission after traditional chemotherapy may 

contribute to clearance of residual tumor cells and, therefore, enhance time of survival.26 

 

7.3. Radiotherapy 

Radiotherapy is a common therapy approach used in the treatment of human lymphoma 

both in the consolidation phase after chemotherapy, in conjunction with bone marrow 

transplantation, and as a palliative treatment.11 Studies have showed that, even though 

total/half-body radiation after chemotherapy is well tolerated and able to increase remission 

times, this increase is not long enough to be clinically significant and to justify the expense of 

radiation.65,66 

 

7.4. Surgery  

Surgery can be used to treat solitary lymphoma (early stage I) or solitary extranodal 

forms of the disease. If this approach is considered, is important to carefully stage the disease 

to rule out multicentric involvement.2 
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8. Chemotherapy toxicity:  

 In veterinary medicine cancer treatments have as main goal improve the animal’s 

wellbeing and ensure their QOL.3 Therefore, most cytotoxic chemotherapy protocols are 

elaborated to have a low risk of adverse effects. Nevertheless, side effects can occasionally 

occur even though, commonly, fewer than one in four animals show them and, of this, only 5% 

have a serious event that requires hospitalization.27 The veterinary oncology group published a 

consensus document with common terminology criteria and a grading scale (severity) for 

adverse events following chemotherapy or biological antineoplastic therapy in small animals.24 

This consensus has as main goal the standardization of reporting and analysis of chemotherapy-

induced toxicities.27  

A serious reaction to a chemotherapeutic drug can have several important consequences 

such as, decreased QOL, increased financial expense (with hospitalization and treatment), delay 

or alteration of subsequent treatments and diminished client enthusiasm for continuation of 

therapy.27,55    

 

8.1. Common side effects  

The most common side effects usually observed are a result of damage to rapidly 

dividing cells by the cytotoxic drug.27 

Myelosuppression is a relatively common side effect of chemotherapy. The severity of 

myelosuppression is extremely variable, ranging from clinical silent to life threatening.27 A 

CBC must be performed immediately before every chemotherapy treatment. A minimum of 

1500 neutrophils/µl and 50000 platelets/µl should be present prior to the administration of 

myelosuppressive chemotherapy. If the neutrophil count is lower than the value stated above, 

the administration of the drug should be delay 5 to 7 days. An exception to this rule is when, 

previous to the beginning of the treatment, the neutrophil and platelets counts are low due to 

bone marrow effacement. In this situation the therapy is instituted to clear the bone marrow and 

allow hematopoiesis to normalize.2 Neutropenia is likely to occur 7 to 10 days after the 

administration of most chemotherapeutic drugs (nadir), but with some drugs, like lomustine and 

carboplatin, neutropenia can occur 2 to 3 weeks after administration.27  

GI signs, such as nausea, vomiting and diarrhea, are among the most common side 

effects of chemotherapy. Even though they are usually mild and self-limiting (e.g. slight soft 

stools), severe episodes are occasionally encountered (e.g. intractable vomiting and profuse 
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hemorrhagic diarrhea). Doxorubicin is an example of a drug that can cause immediate 

nausea/vomiting due to its activity on the chemoreceptor trigger zone in the brain. With this 

type of chemotherapeutic drug, dogs may vomit during or soon after drug administration unless 

they are medicated with antiemetics. Vomits and diarrhea are usually late side effects (appear 

2 to 5 days after chemotherapy) since they are the result of damage to the mucosa caused by 

irritation and inflammation.27 

Alopecia is another effect that can occur with chemotherapeutic treatments. Breads with 

continuously growing coats such as Poodles, Old English sheepdogs and Shih Tzus are the most 

affected. This side effect is easily reverse with the discontinuation of the treatment although 

permanent changes of color and texture of the fur can occur.28 

Vesicant chemotherapeutic agents such as doxorubicin and vinca alkaloids cause severe 

tissue damage if delivered extravascularly. Therefore, this drugs must be administrated via a 

perfectly placed IV catheter that required only one penetration of the vein for insertion and dogs 

undergoing infusions must be constantly observed to ensure the catheter remains in place till 

the end of the administration .27 

Some animals may experience immediate anaphylaxis or anaphylactoid reactions to 

some antineoplastic drugs such as doxorubicin and asparaginase. Manifestation of acute drug 

reaction during doxorubicin administration is characterized by pruritus, facial edema, erythema, 

head shaking, vomiting, restlessness and dyspnea.27 Anaphylactic reactions to asparaginase can 

occur within 60 minutes of drug administration. The likelihood of these reactions increase with 

multiple drug injections due to the development of antibodies. The overall frequency of 

hypersensitivity reactions is less than 7,1%.35To avoid hypersensitivity reactions it is prudent 

to, especially after the first dose injection, premedicate the animal with diphenhydramine and 

dexamethasone prior to subsequent treatments.27 

Breeds such as Collies, have a higher risk of suffering toxicity from chemotherapy drugs 

that are actively transported by the P-GP pump due to a high frequency of MDR1 gene 

mutation. Among the drugs actively transported by this pump are the vinca alkaloids and 

doxorubicin. In animals with this MDR1 gene mutation the excretion of the chemotherapic drug 

by the P-GP pump expressed on biliary canalicular cells and renal tubular cells is diminished 

which results in an increased exposure to the drug.27,33 Breeds likely to have MDR1 gene 

mutation should be tested. Dogs that are homozygote for the mutant allele are considered 

affected. In this situations, the drugs shouldn’t be used or, if administrated, the dose must be 

significantly reduced.2,27 
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8.2.Side effects related to individual drugs 

Apart from the most common side effects observed with virtually every 

chemotherapeutic agent, there are some toxicities that are specifically related to individual 

drugs. This toxicities are reported in Table 4. 

 

Table 4- Chemotherapeutic drugs specific side effects. 

Chemotherapeutic Drugs - specific side effects and management 

 

 

 

 

 

Cyclophosphamide 

Side effect: Sterile hemorrhagic cystitis (SHC), bladder fibrosis, 

and transitional cell carcinoma.29,30 

Risk factors: Higher dose and dosing frequency/cycles of 

cyclophosphamide;  rout of administration (IV - early development 

of SHC; PO - late effects due to cumulative dose in long-term 

treatments)29,30; genetic polymorphism in certain CYP P450 

isozymes; preexisting urinary track diseases; dehydration.31 

  

 

 

Vincristine 

Side effect: Peripheral neuropathy 

Risk factors (human): Dosage and duration of drug administration; 

underlying disease and preexisting neuropathies.36 

 

 

 

Doxorubicin 

Side effect: Delay-onset cardiomyopathy and development of 

refractory congestive heart failure and fatal arrhythmias.41 

Risk factors: Body weight, pre-existing cardiac disease and high 

total dose of doxorubicin administrated (more than 180 to 240 

mg/𝑚2 in the patient’s lifetime).43 

 

Lomustine 

Side effect: Delay hepatotoxicity (dogs) and renal toxicity (cats, less 

frequently dogs), late thrombocytopenia.49,50,51  
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8.3.Tumor lysis syndrome: 

In human oncology tumor lysis syndrome (TLS) is a well-recognize emergency 

condition in patients undergoing chemotherapy and/or radiotherapy. TLS is an oncologic 

emergency resulting from treatment-induced rapid lysis of malignant cells, resulting in release 

of intracellular contents into the systemic circulation, exceeding the excretory capacity of the 

kidneys and producing life-threatening metabolic and electrolyte disturbances. In veterinary 

medicine this syndrome is not as common as in human medicine, nevertheless it occurs 

especially in dogs, with the appearance of clinical signs ranging from 18 hours to 8 days after 

treatment.60,62 Animals in higher risk of developing TLS are those with advanced disease (stage 

IV or V of high grade lymphoma), rapid tumor regression and pre-existing renal failure.61A 

animal is suspected of having TLS if, after chemotherapy, develops two or more of the 

following metabolic abnormalities (Figure 1): hyperkalemia, hyperphosphatemia, 

hypocalcemia and  hyperuricemia, being metabolic acidosis and azotemia (with elevated BUN 

and creatinine concentrations) also common serum biochemistry abnormalities encountered. 

The clinical symptoms usually observed in this patients are lethargy, vomiting, hemorrhagic 

diarrhea and shock.60 Disseminated intravascular coagulopathy (DIC), with thrombocytopenia, 

increased prothrombin and partial thromboplastin times and hypoproteinemia, may occur after 

TLS.60,62Even though the specific 

pathophysiology of this event remains 

unclear, it is hypothesized that it has a 

multifactorial nature, with involvement 

of the release of tissue factor (which is 

abundant on the surface of tumor cells), 

shock and systemic inflammation.60 In 

this situations the animal may benefit 

from the administration of fresh frozen 

plasma and low-dose heparin to prevent a 

thromboembolic event secondary to the 

DIC.60,62  

 

 

 

 

Figure 1-Tumor lysis syndrome pathophysiology. 

(http://www.wikidoc.org/index.php/Tumor_lysis_syndrome_pat

hophysiology, 9 September 2017). 

 

http://www.wikidoc.org/index.php/Tumor_lysis_syndrome_pathophysiology
http://www.wikidoc.org/index.php/Tumor_lysis_syndrome_pathophysiology
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9. Prognostic factors: 

 Canine lymphoma prognosis varies according to a variety of factors that influences 

response to treatment. Even though only less than 10% of affected dogs achieve complete cure, 

complete responses and good QOL during extended remissions and survival are common. Many 

factors have been shown to influence response to treatment, being the two major ones the 

immunophenotype and WHO substage.2 

 Animals with WHO substage b usually have a worst outcome than those with subtage 

a. The same way, dogs with stage I and II have better prognosis than dogs in more advanced 

stages.2 Some authors affirm that bone marrow involvement (stage V) is associate with worst 

prognosis.46,82  

Immunophenotype is an important prognostic factor, with B-cell lymphomas usually 

warranting a better prognosis than T-cell lymphomas, which are usually associated with lower 

rates of complete responses to treatment and shorter remission and survival times.8  

Histologic grade has also been associated with prognosis. Low grade lymphomas, 

although usually incurable, typically progress slowly and are associated with long survival 

times, even in the absence of aggressive chemotherapy. In opposition, intermediate-high grade 

lymphomas tend to progress rapidly and to relapse earlier, but are more responsive to 

chemotherapy.2,8 The level of cell proliferation (mitotic rate) is also important to obtain a 

specific diagnose and predict response to treatment.69  

The anatomic site can also be associated with prognosis. Primary diffuse cutaneous, 

diffuse gastrointestinal, hepatosplenic and primary central nervous system lymphomas are 

associated with poor prognosis, while indolent cutaneous T-cell lymphoma normally has good 

prognosis. The presence of a mediastinal mass is also associated with poorer prognosis.2 

Animal’s gender may also influence prognosis, with neutered females tending to have 

better prognosis than males (which present higher incidence of T-cell phenotype).2 Body weight 

is another factor usually categorized, with smaller breeds presenting longer remissions than 

larger breeds. This is attribute to the higher dose intensity achieved with chemotherapy 

administered according to body surface.46 Nevertheless, this correlations are not observed in 

every studies.69 

Some biomarkers have been reported as helpful to establish prognosis. Among them are 

the lactate dehydrogenase, serum C—reactive protein47and VEGF.2 PCR targeting techniques 

to detect neoplastic cells in MRD also showed that persistent MRD, despite apparent CR, are 

associated with worse prognosis and short duration of CR.56 
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In human medicine autoimmune cytopenias (anemia, thrombocytopenia, 

granulocytopenia) are not associated with poor prognosis.57,58,59,73 In dogs with lymphoma, 

the presence of anemia at the time of diagnosis has been recognized as a negative prognostic 

factor. Truthfully, anemia appears to be a risk factor for poor response and short survival time 

in dogs with lymphoma. The actual mechanism by which anemia contribute to decrease 

response to treatment remains unclear, although it is hypothesize that the overexpression of 

vascular endothelial growth factor due to chronic hypoxia and decreased efficacy of some 

chemotherapeutic drugs are responsible for the animals poorer response to treatment.45  

Dogs that receive treatment with prednisone or other glucocorticoids prior to initiation 

of chemotherapeutic protocol usually have worst remission rates and survival times. This may 

be due to the fact that glucocorticoids increase the cellular expression of P-GP which 

contributes to the development of multidrug resistance.44 

It is noteworthy that a combination of outcome variables may be more helpful for 

establishing a correct prognosis than individual ones.46 
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CHAPTER 2 – PRACTICAL WORK: Diagnosis and staging of canine multicentric 

lymphoma: impact of diagnostic techniques in the assessment of the extent of the 

disease. Concept of stage migration 

 

1. INTRODUCTION 

Lymphoma is the most common hematopoietic neoplasm in dogs, representing 

approximately 83% of all canine hematopoietic malignancies.2,78 This fact combined with its 

high chemo-sensitivity, with complete remission rates ranging from 65 to 90%, makes it one of 

the most commonly treated cancer in dogs. However, there is no well-established standard of 

care for initial diagnostic evaluation or treatment.85  

The majority of canine lymphomas are diffuse and intermediated to large cell type, 

which makes it possible, in most cases, to obtain a precise cytological diagnosis. Similarly to 

other neoplasia, after establishment of the definitive diagnosis, lymphoma is staged using the 

staging scheme established by the World Health Organization, which classifies dogs as stage I 

through V based on the anatomic site(s) affected and substage a or b based on clinical 

presentation.85 Staging dogs with cancer is important to correctly chose a therapy, monitor 

response to treatment, establish prognosis, and stratify dogs for clinical trials. The lack of 

consensus and standard diagnosis tests required before assigning a patient its stage, can result 

in stage migration due to detection of disease, via newer and more advance and sensitive staging 

tests, that wouldn’t had been identified with simpler diagnosis techniques. Stage migration 

consists in the change to both lower or higher disease stage due to the use of more sensitive 

staging tests, such as ultrasound, radiographs, PET scans and bone marrow cytology.86 This 

phenomenon was first described by Feinstein et al.100 for human lung cancer in 1985 and, since 

then, has been reported in a wide variety of human tumors such as, prostate tumors, breast 

cancer, Hodgking’s lymphoma and laryngeal cancer. This same phenomenon has also been 

observed and reported in veterinary oncology in several tumors, among them 

lymphoma.86,87,98,97 The detection of previously undetected lesions leads to patient migration 

to higher stages, resulting in a decrease of the average tumor burden in both lower and higher 

stage groups, which normally improves the outcome in both groups without changing the 

overall survival.86,101 

Nowadays, systemic multiagent chemotherapy is the standard first line treatment.22 The 

majority of first line chemotherapy protocols for canine lymphoma treatment incorporate the 
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drugs cyclophosphamide, vincristine, doxorubicin and prednisone (CHOP). In the majority of 

cases treatment is not curative with most animals relapsing months after chemotherapy. For this 

reason, most cytotoxic chemotherapy protocols are elaborate to have a low risk of adverse 

effects. Nevertheless, side effects can occasionally occur even though, commonly, fewer than 

one in four animals show them and, of this, only 5% have a serious event that requires 

hospitalization.27,55  

The goal of this study is to evaluate the impact of different diagnostic techniques in the 

staging of canine muticentric lymphoma and to determine whether multiple staging methods in 

dogs with lymphoma result in significant stage migration. Additionally, in this work it will also 

be performed an evaluation of the response to treatment after the first cycle of chemotherapy 

(6 weeks), as well as to the adverse events that occurred during therapy.   
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2. MATERIALS AND METHODS 

 

2.1.Case selection: 

The animals included in the study were dogs referred to the veterinary hospital of Auna 

Especialidades Veterinárias, between September 2016 and June 2017.  

Inclusion criteria included: 

 >1 year of age;  

 Newly diagnosed multicentric diffuse large B-cell lymphoma (DLBCL, centroblastic 

or immunoblastic) or T-cell lymphoma in stages III, IV or V (if limited to bone marrow 

or peripheral blood involvement); 

 All animals had to be naïve to treatment for the current cancer, but can have been 

treated for other cancers in the past if greater than 1 year prior;  

 Owners cooperation regarding the performance of all complementary exams required; 

 Owner willing to treat with standard multidrug chemotherapy consisting in a CHOP 

protocol (cyclophosphamide, doxorubicine, vincristine and prednisolone) during 25 

weeks. 

 

Cases were not included in this study if: 

 Patients presented co-morbidities expected to potentially affect QOL or alter survival 

time (estimated <3 months);  

 Current or recent use of corticoids for the cancer for more than one week within the last 

month (or in case of long-action corticosteroids).  

 

2.2.Diagnosis workup: 

All dogs suspected of having multicentric lymphoma, evidenced by peripheral 

lymphadenopathy underwent a complete physical examination (palpation and measurement of 

the longest diameter of all assessable lymph nodes required by the RECIST lymphoma 

criteria,24 inspection of mucous membranes, abdominal palpation, ocular examination, etc). On 

physical examination, dogs with enlarged organs (e.g. liver, spleen) were considered positive 

for lymphoma in these organs. The same set of complementary exams was performed in every 

animal. This included: (1) FNA of one or two affected lymph nodes for flow cytometry analysis 

and cytological evaluation; (2) thoracic x-ray (3 views: right lateral, left lateral and 
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ventrodorsal); (3) abdominal ultrasound; (4) ultrasound-guided FNA of the liver and spleen; (5) 

bone marrow aspirate and cytology obtain from costochondral junctions of the ribs; (6) 

complete and differential blood cell count; (7) serum biochemical profile including at least total 

proteins (TP), albumin (ALB), creatinine (CREA), urea nitrogen (BUN), alanine 

aminotransferase (ALT), Alkaline phosphatase (FA), and calcium (Ca); (8) blood smear; (9) 

urinalysis – standardized urine test strip, colour, urine appearance, specific gravity urine (using 

urine sample obtained with ultrasound-guided cystocentesis).  

The lymph node samples obtained for flow cytometry and immunophenotyping were 

transferred to a tube with Nacl solution mixed with a drop of autologous serum, obtain by blood 

centrifugation, and storaged in refrigeration before being sent to Barcelona Autonoma 

University, where the tests were performed.  

Blood smear was considered positive when abnormal circulating lymphoblasts where 

observed in the sample.   

Abdominal organs were considered affected with neoplastic cells in the ultrasound 

examination if they revealed echogenicity changes and/or enlargement, previously reported as 

typical of abdominal lymphoma.81,87,89 Cytological samples were obtained from the liver and 

spleen of all the animals, regardless of their ultrasonographic appearance.  

All cytologic samples from the liver and spleen were evaluated for sample quality and 

presence of immature lymphoid cells. The smears were immediately stained and evaluated after 

sample collection. Samples were excluded if more than 50% of the nucleated cells were lysed 

and, in liver samples, if no hepatocytes were present. In these situations, a new sample was 

collected. Cytological diagnosis of lymphoma infiltration in the liver was based on the finding 

of many large lymphocytes in samples that were moderate to highly cellular and contained 

hepatocytes. In the spleen, cytological diagnosis of lymphoma was based on the finding of a 

marked predominance of large lymphocytes (more than 50% of all lymphocytes seen). Large 

lymphocytes were described as round cells with a moderate amount of cytoplasm and a nucleus 

two to three times the diameter of an erythrocyte.   

All dogs were sedated with a combination of butorphanol and dexmedetomidine and, 

when necessary, propofol, prior to bone marrow aspiration. The bone marrow was considered 

affected if more than 20% lymphoblasts were observed on cytological evaluation. 
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2.3.Clinical staging: 

Each dog was staged on the basis of results of physical examination and diagnostic 

workup according with the World Health Organization’s clinical staging system for Lymphoma 

in domestic animals.64 The stage was determined by 4 distinct stage grouping methods (Table 

5). If tests were missing, the animal was not staged for that method. Cytopenias, such as anemia 

and thrombocytopenia, were not interpreted as sole indicators of bone marrow 

involvement.84,83,45 Therefore, apart from method D, dogs were only classified as being stage 

V if lymphoblasts were observed in the blood smear. Results of imaging studies (abdominal 

ultrasound and thoracic x-rays) were considered dominant over physical examinations findings 

for the determination of stage. Likewise, cytological findings were considered more relevant 

for staging than imaging findings.  

 

Table 5- Staging methods. 

Staging Method Staging Tests 

A Physical examination, CBC, Blood smear  

B Physical examination, CBC, Blood smear, Thoracic X-ray, 

Abdominal ultrasound 

C Physical examination, CBC, Blood smear, Thoracic X-ray, 

Abdominal ultrasound, Liver and spleen cytology 

 

D 

Physical examination, CBC, Blood smear, Thoracic X-ray, 

Abdominal ultrasound, Liver and spleen cytology, Bone marrow 

cytology 

  

 Every dog was substaged according with the World Health Organization’s clinical 

staging system for Lymphoma in domestic animals.64 Substage a was defined as no clinical 

signs and substage b was defined as clinical signs of illness, including gastrointestinal, 

respiratory, neurologic, constitutional (e.g. lethargy) and/or metabolic (e.g. fever) signs.17 

 

2.4.Treatment protocol:  

Every dog in the study was treated with the same chemotherapeutic protocol – modified 

CHOP Madison-Wisconsin – consisting in three different chemotherapeutic drugs: vincristine 

(0,5-0,7 mg/𝑚2, IV), cyclophosphamide (200-250 mg/𝑚2, PO) and doxorubicin (30 mg/𝑚2 or 

1mg/kg in animals with less than 10kg, IV) (APPENDIX 1). Every dog underwent a thorough 
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physical examination as well as a CBC before each chemotherapeutic administration. If the 

CBC revealed a neutrophil count equal or superior to 1500 neutrophils/µl the drug was 

administrated, if the neutrophil count was between 1500 and 1000 neutrophils/µl, depending 

on the physical exam, the chemotherapy administration was delayed. If neutrophil count was 

under 1000 neutrophils/µl chemotherapy was not administered. In addition, an echocardiogram 

was performed prior to the first and forth doxorubicin administration.   

Because of the characteristics of some of the chemotherapy drugs, other medications 

were given to avoid and/or treat side effects. This way, the administration of cyclophosphamide 

was always combined with the administration of furosemide (1mg/kg, at the same time as the 

cyclophosphamide and again 3 hours later) to prevent development of sterile hemorrhagic 

cystitis and the administration of doxorubicin was always associated with an anti-emetic drug 

(maropitant). Other drugs, such as antidiarrheal (metronidazole) and antibiotics (amoxicilin-

clavulanic acid, enrofloxacin), were also given to the animal as required.   

Dose adjustments, with dosage reductions of 20% to 25%, were allowed when the 

animal developed severe hematologic and/or GI side effects (grade 3 or 4 according to VECOG 

side effects criteria39).  

The animals that did not accomplished CR with the first-line treatment protocol (week 

6, following RECIST criteria for peripheral nodal lymphoma in dogs24) started a “rescue 

protocol”. This protocol was a combination of three drugs: prednisone, lomustine (70-90 

mg/𝑚2, PO) and L-asparaginase (10000 UI/𝑚2 or 400 UI/kg, SC). For this protocol the dogs 

underwent two cycles of lomustine and L-asparaginase (one dose every three weeks). At the 

third visit the response to the treatment was evaluated. If the animal was in CR, three more 

cycles of lomustine were given, making a total of five cycles. The prednisone scheme was 

identical to the used for the CHOP protocol. Because of the risk of hypersensitivity reaction, 

the second dose of L-asparaginase was given with dexamethasone (0,5mg/kg). The dogs also 

received a hepatic-protector drug (S-Adenosylmethionine - SAMe) due to lomustine’s 

hepatotoxic effect. A CBC and serum biochemistry to evaluate hepatic enzymes was performed 

on a regular basis.      
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2.5.Evaluation to response to chemotherapy: 

All dogs were seen on a weekly basis. This weekly evaluation was performed either at 

Auna especialidades veterinarias or, in a minority of the cases, at the animal’s referral 

veterinarian.  

A complete physical examination and a CBC were performed every visit in order to 

evaluate side effects. The response was categorized as: complete remission – all lymph nodes 

with non-pathologic size and spleen/liver within normal limits; partial response – reduction in 

the size of all palpable lymph nodes by at least 30% taking as reference baseline lymph node 

measures; progressive disease – enlargement of at least 20% of the lymph node size, 

unequivocal progression of existing non-target lesions and/or appearance of one or more new 

lesions; and stable disease – neither sufficient decrease to quantify for partial response nor 

sufficient increase to quantify for progressive disease.24   

The lack of response to the first-line treatment was defined by the presence of peripheral 

lymphadenopathy of one or more lymph nodes at or after the sixth week of treatment, being 

this lymph node enlargement indicative of tumor cells resistance to the chemotherapeutic drugs. 

Therefore, patients with one or more palpable lymph nodes at that phase of the treatment were 

changed to a rescue protocol. The same principle was applied to evaluate of response to the 

rescue protocol: animal with enlarged lymph nodes after the third cycle were considered 

resistant to the chemotherapeutic protocol. 

Once the CHOP protocol was finished, the dogs were evaluated monthly during a year. 

During this visits only a anamnesis and physical examination, with lymph node measurements, 

were performed and, if normal, the dog was considered still in remission.  

 

2.6.Assessment of toxicity: 

Information about adverse events was obtained from a thorough weekly anamnesis and 

clinical examination finding. All data was interpreted in agreement with the Veterinary 

cooperative oncology group – common terminology criteria for adverse events (VCOG-

CTCAE) following chemotherapy or biological antineoplastic therapy in dogs and cats v1.1.39  

 

2.7.Assessment of Quality of life: 

All dog owners of the study answered to a QOL questionnaire validated for veterinary 

oncology patients53   prior to the first visit. This questionnaire included eight domains 

(happiness, mental status, pain, appetite, hygiene, water intake, mobility and general health), 
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each with three questions to be answered in a scale of 1-5, indicating increasing agreement with 

the statement (1 – disagree; 5 – Agree).53  (APPENDIX 2) The last question was a visual 

assessment scale evaluation of global health. In the following visits, the QOL assessment was 

made orally with questions regarding the animal’s well-being, during the anamnesis at the 

beginning of each consult.    

 

2.8.Statistical analysis: 

 Statistical analysis was done using the SPSS software version 24. McNemar-Bowker 

test was used to assess the difference between the staging method groups. The chi-squared test 

and Fisher exact test were used to assess possible correlations between response to treatment at 

six-week therapy and staging method, and substage/body weight and development of 

chemotherapy side effects. Regarding the body weight the animals were divided in two groups 

(>10kg and <10kg) based on findings of previous studies.46 Graphs and tables were constructed 

using the Microsoft Exel 2013. Values of P<0,05 were considered significant. 

Results obtained from ultrasonographic and cytological evaluation were crossed to 

evaluate sensitivity, specificity, positive and negative predictive values and accuracy for the 

detection of hepatic and splenic lymphoma infiltration in each organ.  

Sensitivity was defined as the ability of the test, in this case ultrasound, to detect 

lymphoma infiltration when present in the patient organs.103,104   

Sensitivity =
𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒

𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒+𝐹𝑎𝑙𝑠𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒
 

Specificity represents the proportion of truly negative or normal individuals among non-

affected patients (patients whose organs were not affected) .103,104   

Specificity =
𝑇𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒

𝑇𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒+𝐹𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒
 

Accuracy was defined as the tests ability to differentiate the affected and the non-

affected cases correctly.104   

Accuracy =
𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠+𝑇𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒

𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠+𝐹𝑎𝑙𝑠𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒+𝐹𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠+𝐹𝑎𝑙𝑠𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒
 

 Positive predictive value is the proportion of patients with truly positive results among 

those diagnosed as positive.103,104   

Positive predictive value =
𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒

𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒+𝐹𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒
 

Negative predictive value is the proportion of patients with truly negative results among 

those diagnosed as negative.103,104    
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Negative predictive value =
𝑇𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒

𝑇𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒+𝐹𝑎𝑙𝑠𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒
 

True positives were defined as organs with both ultrasonographic and cytology results 

compatible with lymphoma. False positives were classified as organs with abnormal 

ultrasonographic appearance without a diagnosis of lymphoma on cytology. True negative were 

defined as organs with both ultrasonographic and cytologic appearance normal. False negatives 

were classified as organs with normal ultrasonographic appearance but with a diagnosis of 

lymphoma on cytology.  
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3. RESULTS 

3.1. Patient characteristics: 

3.1.1. Gender  

 Twenty three dogs were enrolled in the study: 16 females (70%) and 7 males (30%) 

(Graph1).  

 

 

 

 

 

 

 

 

 

 

 

3.1.2. Neuter status 

 Regarding the neuter status, 14 dogs (60,9%) were castrated (10 females and 4 males) 

and 9 dogs (39,1%) were intact (3 males and 6 females) (Graph2).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

30%

70%

Male (n=7)

Female (n=16)

61%

39% Castrated (n=14)

Intact (n=9)

Graph 1- Distribution of the population (n=23) by gender. 

Graph 2- Distribution of the population (n=23) by 

neuter status 
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3.1.3. Breed 

The patient’s breeds are illustrated in Graph 3. Breeds included were mixed breed (3 

dogs -13%), Schnauzer (1 dog; 4,3%), crossed German Shepherd (2 dogs; 8,7%), Beagle (1 

dog; 4,3%), French Bulldog (5 dogs; 21,7%), Yorkshire (2dogs; 8,7%), Pitbull (1 dog; 4,3%), 

German Shepherd (1 dog; 4,3%), Maltese (1 dog; 4,3%), Labrador Retriever (1 dog; 4,3%), 

Golden Retriever (1 dog; 4,3%), Pincher (1 dog; 4,3%), Mallinois (1 dog; 4,3%), Belgian 

Shepherd Tervuren (1 dog; 4,3%) and crossed Golden Retriever with Belgian Shepherd (1 dog; 

4,3%). 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1.4. Age and body weight 

 Patients age ranged from 4 to 13 years old, with a mean age of 8,6±2,4 years. Regarding 

the body weight, values ranged between 3kg and 40,8kg, with 13 dogs weighting more than 10 

kg (56,5%) and  10 dogs weighting less than 10 kg (43,5%). All patients had normal body 

condition score (5/9). 

 

3.2.Previous treatments  

 Eleven dogs (47,8%) enrolled in the study received medication before initiation of the 

chemotherapeutic protocol: 5 dogs (21,7%) received corticosteroid (maximum two weeks), 3 

dogs (13%) received a combination of NSAID and antibiotics, 2 dogs (8,7%) received NSAID 

and 1 dog (4,3%) received antibiotic.  

 

13%

4%

9%

4%

22%

9%

4%

4%

4%

4%

4%

4%

4%

4%

4%

0% 5% 10% 15% 20% 25%

MIXED BREED 

SCHNAUZER

CROSSED GERMAN SHEPHERD

BEAGLE

FRENCH BULLDOG 

YORKSHIRE

PITBULL 

GERMAN SHEPHERD 

BICHÓN MALTES 

LABRADOR RETRIEVER 

GOLDEN RETRIEVER 

PINCHER

MALLINOIS 

BELGIAN SHEPHERD TERVUREN 

CROSSED GOLDEN RETRIEVER WITH …

Graph 3- Distribution of the population (n=23) by breed. 



Results 

33 

 

3.3.Immunophenotype and Kiel classification 

Regarding immunophenotype, 21 dogs (91,3%) were B-cell and 2 dogs (8,7%) were T-

cell (Graph 4). Morphologic classification according with Kiel classification was available in 

18 animals (Graph 5), being 13 immunoblastic (72%) and 5 centroblastic (28%). 

   

 

3.4.Staging tests: 

Of the 23 dogs included in the study, 22 (95,7%) had all staging tests performed. All 

dogs underwent a physical examination, CBC with cytologic examination, blood biochemistry, 

thoracic x-rays and abdominal ultrasound with ultrasound-guided FNA of the liver and spleen 

for cytological examination. One dog (4,3%) did not have bone marrow aspiration and cytology 

performed.  

 

 

3.4.1.Physical examination   

  On physical examination, 23 dogs (100%) had peripheral lymph node enlargement on 

both sides of the diaphragm. One dog (4,3%) presented pronounced facial edema due to 

submandibular lymph node enlargement. Two dogs (8,7%) revealed edema of the posterior 

limbs and scrotum and 1 dog (4,3%) presented bladder distention due to inguinal lymph node 

enlargement. Hepatomegaly and splenomegaly were detected in 2 (8,7%) and 5 (21,7%) dogs, 

respectively (Graph 6 and 7).  

28%

72%

Centroblastic
(n=5)

Immunoblastic
(n=13)

91%

9%

B (n=21)

T (n=2)

Graph 4- Distribution of the population (n=18) by Kiel 

classification. 
Graph 5- Distribution of the population (n=23) by 

immunophenotype. 
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3.4.2.Blood work and urinalysis  

CBC showed abnormalities in 17 dogs (73,9%). The two most common cytopenias 

observed were anemia (6 dogs; 26,1%, with hemoglobin <13.1g/dl) and thrombocytopenia (6 

dogs; 26,1%, with platelet <148K/µl). All low platelet count results were confirmed with a 

blood smear to assure that platelet clumps were not present. Three dogs (13%) presented 

lymphocytosis (lymphocytes >5.10K/µl) and 10 dogs (43,5%) revealed monocytosis 

(monocytes >1.12 K/µl). Leukocytosis with neutrophilia (neutrophils >11.64 K/µl) was 

detected in 3 dogs (13%) and lymphopenia (lymphocytes <1.05 K/µl) was present in 4 dogs 

(17,4%) (Graph 8).  
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Graph 6- Percentage of animals (n=23) with 

hepatomegaly. 

Graph 7- Percentage of animals (n=23) with 

splenomegaly. 
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Blood biochemistry revealed abnormalities in 14 dogs (60,9%). Increased liver enzymes 

were the most common abnormalities found, with 7 dogs (30,4%) presenting increased ALT 

and 9 dogs (39,1%) presenting increased FA. Other abnormalities found were hypercalcemia 

(3 dogs; 13%), increased creatinine (2 dogs; 8,7%), increased BUN (1 dog; 4,3%), 

hypoproteinemia with hypoalbuminemia (1 dog; 4,3%), hypoglycemia (1 dog; 4,3%) and 

hyperglycemia (2 dog; 8,7%) (Graph 9).  
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Graph 8- Abnormalities encountered in the CBC (n=23). 

Graph 9- Abnormalities encountered in the blood biochemistry (n=23). 
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Urinalysis results were available in 18 (78,3%) of the 23 animals included in the study, 

with proteinuria and bilirubinuria being the most common abnormalities found, being present 

in half of the animals (n=9; 50%). Other abnormalities detected in the urinalysis were the 

presence of blood in 4 dogs (22,2%), urobilinogen in 4 dogs (22,2%), glycosuria in 3 dogs 

(16,7%) and increased pH value in 5 dogs (27,8%). Urine density was abnormal in 5 dogs 

(27,8%), which presented a urine density value below normal (≤ 1.030).     

 

3.4.3. Blood smear and bone marrow cytology 

  Of the 22 dogs where bone marrow aspiration was performed, 2 (9,1%) had bone 

marrow infiltration. Only 1 dog (4,3%) presented abnormal circulating lymphoblasts after blood 

smear evaluation.  

 

3.4.4. Thoracic radiographs  

Regarding thoracic imaging it was possible to observe that, of the 23 animals included 

in the study, 6 (26,1%) revealed lymphadenopathy on thoracic x-rays (Figure2). In addition to 

lymphadenopathy, 1 dog (4,3%) also presented pleural effusion. There was not a significant 

statistical association between thoracic x-rays abnormalities and development of respiratory 

clinical signs (P>0,05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2- Thoracic radiograph, right lateral view. Presence of 

lymphadenopathy with enlargement of intrathoracic lymph nodes 

(sternal, tracheobronchial and mediastinal).  (Auna Especialidades 

Veterinárias).  
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3.4.5. Abdominal ultrasound and cytology of the liver  

Information about abdominal ultrasonography was available for the 23 animals and 

revealed abnormalities in 18 dogs (78,2%). Among these, 17 animals (94,4%) showed abnormal 

appearance of the liver and/or spleen and 2 animals (11,1%) abdominal lymph nodes 

enlargement.  Ultrasonographic and cytologic results for the liver and spleen are summarized 

in Table 6 and 7, respectively. Ultrasonographic appearance of the liver was abnormal, with 

diffuse heterogeneous appearance of the parenchyma, in 5 of the 23 dogs (21,7%). Confronting 

the ultrasonographic results with the cytological results, it was possible to observe that all 5 

cases positive in the ultrasonographic exam were confirm as positive by cytological 

examination (true positives). In opposition, 10 of the 18 cases negative in the echographic 

examination, were later proved as positive in cytology, being this 10 cases false negative. 

Ultrasound examination sensitivity was 33,3%, specificity was 100%, positive predictive value 

was 100%, negative predictive value was 44,4% and accuracy was 56,5%. 

 

Table 6- Ultrasonographic vs Cytologic findings of the liver. 

                 Cytology 

Ultrasound 

Positive Negative Total 

Positive 5 0 5 

Negative 10 8 18 

Total 15 8 

      

 

 

3.4.6. Abdominal ultrasound and cytology of the spleen  

Abnormal ultrasonographic appearance of the spleen, with hypoechoic areas, moth 

eaten or coarse parenchyma patterns, were observed in 17 of the 23 animals (73,9%). 

Nevertheless, only 15 of this cases were confirmed, by cytological evaluation, as true positives, 

being 2 cases classified as false positives. Moreover, 3 dogs classified as negative in the 

ultrasonographic examination were later discovered as being positive by cytological 

examination. Spleen’s ultrasonography sensitivity was 83,3%, specificity was 60%, positive 

predictive value was 88%, negative predictive value was 50% and accuracy was 78,3%.  
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Table 7- Ultrasonographic vs Cytologic findings of the spleen. 

                  Cytology 

Ultrasound 

Positive Negative Total 

Positive 15 2 17 

Negative 3 3 6 

Total 18 5 

 

 

3.5. Assessment of stage according to each staging method   

 The staging results obtained with each staging method are illustrated in Graph 10. 

When dogs were staged by using the method A, 18 dogs (78,3%) were classified as stage III, 4 

dogs (17,4%) as stage IV and 1 dog (4,3%) as stage V. By application of method B, 6 dogs 

(26,1%) were stage III, 16 dogs (69,6%) were stage IV and 1 dog (4,3%) was stage V. With the 

method C, 4 dogs (17,4%) were stage III, 18 dogs (78,3%) were stage IV and 1 dog (4,3%) was 

stage V. When dogs were stage by using the method D, 4 dogs (17,4%) were stage III, 17 dogs 

(73,9%) were stage IV, and 2 dogs (8,7%) were stage V.  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Stage migration (reclassification of stage) was observed between all staging methods 

(Table 8). Using the method B, 12 dogs were re-staged to a higher stage (III to IV), due to 
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Graph 10- Percentage of dogs in stages III, IV and V when staged using A, B, C and D 

staging methods 
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abnormal appearance of the liver and/or spleen on ultrasonography examination in the absence 

of organomegaly detected on physical examination. One dog was downstaged (IV to III) in 

method C because of a negative spleen cytology in a dog whose spleen ultrasound appearance 

was considered positive. In opposition, in method C 3 dogs were transferred to a higher stage 

(III to IV) because of the absence of abnormal ultrasonography appearance of the spleen and 

liver with a positive cytological result. In method D, one dog was re-staged (IV to V) do to 

positive bone marrow cytology. The difference between staging methods A and B was 

statistically significant (P=0,001). No statistically significant differences were found between 

staging methods B and C and C and D (P>0,05) (Table 8).  

  

Table 8- Stage migration between staging methods (n=23) 

Staging method III IV V 

 

A 

 

18 

 

4 

 

1 

 

 

B 

 

6 

 

16 

 

 

1 

 

C 

 

4 

 

 

18 

 

 

1 

 

D 

 

4 

 

17 

 

2 

 

 

 

3.6.Substage 

Eleven (47,8%) of the 23 dogs enrolled in the study presented clinical signs of illness at 

the moment of diagnosis (Graph 11): 5 animals (21,7%) presented GI signs (vomiting and 

diarrhea), 5 dogs (21,7%) presented anorexia, 3 dogs (13%) presented respiratory signs 

(exercise intolerance and difficulty breathing), 7 dogs (30,4%) presented weight loss, 6 dogs 

(26,1%) presented lethargy, 1 dog (4,3%) presented disuria, and 1 dog (4,3%) presented 

3 
1 

1 

12 

P value 

 

 

0,001 

 

 

0,317 

 

 

0,317 

P – statistical significance. p value considered significant  are listed in bold 
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spontaneous hemorrhages. Therefore, 11 dogs (47,8%) were classified as substage b and 12 

dogs (52,2%) were classified as substage a. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.7. Treatment response: 

 Of the 23 dogs enrolled in the study, 18 (78,3%) were followed up through the treatment. 

For these dogs, the overall response rate following RECIST criteria for peripheral nodal 

lymphoma in dogs24 after the first cycle of chemotherapy treatment was 66,7%, with 12 

animals experiencing complete response. The remaining 6 dogs (33,3%), didn’t respond to the 

CHOP protocol and experienced progressive disease. Of these 6 dogs, 5 received rescue 

chemotherapy, with only one of them achieving a complete response.  The rest of the dogs that 

experienced progressive disease were eventually euthanized due to rapid decline in their clinical 

status. The treatment response is summarized on Diagram 1.  

 

 

 

 

 

 

 

 

 

Graph 11- Percentage of dogs (n=23) with and without clinical signs at the moment of 

diagnosis. 
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No significant statistic association was found between patients response to treatment at 

6 week therapy and the different staging methods used (P>0,05) (Table 9).  
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Diagram 1- Treatment response. 
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Table 9- Associations between staging methods and substage and response to treatment after the first cycle of 

chemotherapy. 

 Response to treatment 

       n                      %  

 

P value 

S
ta

g
in

g
 M

et
h

o
d

  

A 

III 

IV 

V 

 

       11                     61,1 

         1                      5,6 

        0                       0 

 

 

0,282 

       

B 

III 

IV 

V 

 

        4                    22,2 

        8                    44,4 

        0                      0 

 

0,336 

C 

III 

IV 

V 

 

       1                      5,6 

     11                      61,1 

       0                       0 

 

        0,300 

D 

III 

IV 

V 

 

      1                        5,6 

    10                        55,6 

      1                        5,3               

 

0,087 

 Substage 

a 

b 

 

      6                     33,3 

      6                     33,3 

 

0,437 

          n – number of dogs that responded to treatment;  P – statistical significance. p value considered significant  

are listed in bold 

 

 

3.8.Toxicity:  

All of the 18 dogs accompany during the treatment experienced at least one adverse 

event, GI and/or hematologic, throughout the treatment. The types of adverse events and 

frequency in each chemotherapy cycle are summarized in Table 10.  
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Table 10- Secondary effects developed throughout chemotherapy treatment 

 

Parameter 

 

First cycle 

n=18 

 

Second 

cycle 

n=10 

Third cycle 

n=6 

Fourth 

cycle 

n=3 

 

Weight loss 

 

 

7 

 

- 

 

- 

 

- 

 

 

Diarrhea 

Grade1 5 3 - - 

Grade2 2 - - - 

Grade3 1 - - - 

Grade4 - - - - 

 

 

Vomiting 

Grade1 5 2 3 - 

Grade2 3 2 - - 

Grade3 - - - - 

Grade4 - - - - 

 

 

Anorexia 

Grade1 1 - 3 - 

Grade2 5 2 - - 

Grade3 - - - - 

Grade4 - - - - 

 

 

Anemia 

Grade1 12 6 1 - 

Grade2 2 - - - 

Grade3 2 - - - 

Grade4 1 - - - 

 

 

Neutropenia 

Grade1 3 6 4 3 

Grade2 3 1 - 2 

Grade3 1 - 1 - 

Grade4 1 - 1 - 

 

 

Thrombocytopenia 

Grade1 2 2 - - 

Grade2 3 - 2 - 

Grade3 - - - - 

Grade4 1 - - - 

 

Fever 

 

 

2 

 

- 

 

- 

 

- 

n – number of dogs; -:side effect not observed in the population.  

 

Of the treated dogs (n=18), 7 (38,8%) had dose reductions, of which 4 dogs had one 

reduction and 3 had two reductions. Of the global 10 dose reductions perform throughout the 

treatment, 3 were 20% dose reduction of vincristine, 5 were 20% dose reduction of 

cyclophosphamide and 2 were 25% dose reduction of doxorubicin.  

All dose adjustments were implemented due to the development of severe chemotherapy 

hematological and/or GI secondary effects (grade 3-4), with or without hospitalization (Table 
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11). The only exception was a vincristine and doxorubicin dose reduction performed in one dog 

due to suspicion of MDR1 gene mutation. 

 

Table 11- Number of patients that experienced adverse events and required hospitalization which lead to drug 

dose reduction 

                    Drug  

 

Adverse event 

 

Vincristine 

 

Cyclophosphamide 

 

Doxorubicin 

GI 

(vomiting/diarrhea)  

 

1 3 1 

 

Neutropenia 

 

1 3 0 

Hospitalization 

 

1 1 1 

 

 

One dog (5,6%) had one treatment delay of three days due to grade 2 neutropenia and 

tremors. Moreover, two dogs (11,1%) required drug substitution. In one dog doxorubicin was 

substituted by mitoxantrone due to a congenital cardiac problem, and in another dog vincristine 

was replaced by vinblastine due to the development of clinical signs compatible with peripheral 

neuropathy. Six dogs (33,3%) were hospitalized and treated for lethargy, severe GI toxicity 

(vomiting and/or diarrhea) and/or neutropenia. It is noteworthy that, the majority of dose 

reductions, drug substitutions and hospitalizations occurred in the first cycle of treatment, with 

the exception of two cyclophosphamide dose reductions performed in the third cycle of 

treatment (Graph 12). Interestingly, in both cases, the dogs had already received a vincristine 

dose reduction in the first cycle. 
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Two dogs (both substage b) required blood transfusion due to severe anemia and 

thrombocytopenia, weakness and lethargy. Both dogs failed to respond to treatment and were 

euthanized.  

A significant statistical correlation was found between patient’s body weight and weight 

loss and diarrhea (P<0,05). Likewise, a significant association was found between WHO 

clinical substage and patient need for hospitalization (P<0,05), with substage b animals 

requiring more hospitalization than substage a animals (Table 12).    
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Table 12- Associations between clinical variables and the development of adverse events during the first cycle of 

chemotherapy. 

 Variables 

 Substage 

      

     a             b  

 

 

P 

Weight 

 

    >10kg        <10kg 

 

 

P 

A
d

v
er

se
 e

v
en

ts
 

Weight loss 

n 

% 

 

     3                5 

    17,6        29,4 

 

 

0,581 

 

       7                  1 

     41,2             5,9 

 

0,036 

Diarrhea 

n 

% 

 

      4               4 

   23,5         23,5 

 

 

0,601 

 

       7                  1 

     41,2             5,9 

 

0,036 

Vomiting 

n 

% 

 

       4              4 

     23,5         23,5 

 

0,601 

 

       5                 3 

      29,4            17,6 

 

0,581 

Anorexia 

n 

% 

 

       3              3    

     17,6       17,6 

 

0,627 

 

       5                  1         

     29,4              5,9 

 

0,160 

Fever 

n 

% 

 

       0              2 

       0            11,8 

 

0,265 

 

        2                 0 

      11,8              0 

 

0,331 

Anemia 

n 

% 

 

       5              9 

     27,8          50 

 

0,206 

 

        10               4          

      55,6            22,2 

 

0,137 

Neutropenia 

n 

% 

 

       3              3 

     18,8        18,8 

 

0,696 

                                                   

         2                4 

       12,5            25 

 

0,182 

Thrombocytopenia 

n 

% 

 

        1             4 

       5,9         23,5 

 

0,183 

 

         4                1         

        23,5           5,9 

 

0,278 

Hospitalization 

n 

% 

 

        1             5 

       6,3         31,3 

 

0,048 

 

          4                2 

         25            12,5 

 

0,451 
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n – number of dogs;  P – statistical significance. p value considered significant are listed in bold 

 

3.9.Quality of life: 

 The patient’s QOL was, in the majority of cases, directly connected with the presence 

of clinical signs at the moment of the diagnosis. Therefore, dogs classified as substage a 

lymphoma were considered to have a good QOL despite of the disease, while dogs classified 

as substage b were considered to have lower QOL score than before the development of the 

disease. Nevertheless, the degree of decrease in the patient’s QOL was not equal. Therefore, of 

the 11 dogs classified as substage b, three were considered to have a significant decrease in its 

QOL score: one for profound lethargy, spontaneous hemorrhages and anorexia; other for 

weakness, significant weight loss and lethargy; and another one for disuria. The remaining eight 

dogs had mild decrease in their QOL, with involuntary weight loss and mild fatigue being the 

main parameters responsible for this decline. 

 The dog’s QOL throughout the treatment was evaluated taking into consideration the 

physical examination and the owner´s report regarding abnormal behavior (e.g. less active, 

decrease appetite) and/or development of side effects (e.g. vomiting and diarrhea). For the most 

cases, the chemotherapeutic treatment was well tolerated by the patients, with nausea and 

lethargy in the day of chemotherapy and the following day being the most commonly reported 

complains. Occasionally, GI signs (vomiting/diarrhea) were also reported, but these were often 

described as isolated events (sometimes associated with the ingestion of certain foods) and were 

usually self-limiting or easily managed with supportive treatment (anti-emetic and anti-diarrhea 

drugs). This episodes were not considered, neither by the veterinarians nor the owners, as 

having a significant impact in the animal’s QOL. When chemotherapy drug’s side effects were 

more severe (e.g. grade 3-4 GI signs, profound lethargy, grade 3-4 neutropenia, need for 

hospitalization) the protocol was changed with the implementation of a decrease in the dosage 

of the responsible drug. Once implemented these adjustments, none of the animals required a 

second reduction of the same drug throughout the protocol. It is noteworthy that the three 

substage b dogs with lower QOL score at the moment of diagnosis described above failed to 

improve with the chemotherapeutic treatment, showing slight improvement after the first 

chemotherapeutic drug administration but relapsing before the ending of the first cycle of 

treatment with worsening of  their QOL score, which, ultimately, lead to their euthanasia. 

Moreover, two substage a dogs revealed progressive disease throughout the treatment, with 

progressive decline of their clinical status: one became more lethargic and developed 
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spontaneous hematomas and peripheral edemas and the other one developed nausea and 

blepharoconjunctivitis of unknown origin which was later diagnosed as lymphoma. Both of 

these patients were also euthanized due to unacceptable QOL.                    
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4.DISCUSSION  

 Lymphoma is one of the most common neoplasia in dogs representing approximately 

7%-24% of all canine neoplasia and 83% of all canine hematopoietic malignancies.2 Canine 

lymphoma has a remarkable similarity with human Non-Hodgkin lymphoma regarding both 

morphology and biological behavior, which makes the canine specie an attractive model for the 

study of human lymphoma progression and therapy.4     

Once established the definitive diagnosis of lymphoma in a patient, is important to stage 

the patient’s cancer to determine the distribution and degree of extent of the neoplastic disease.  

The majority of studies usually include in their study population animals that underwent 

different diagnostic and staging workup, as well as animals with different lymphoma 

subtypes.74,77−79 A recent published paper which reviewed the diagnostic methods used in the 

initial and post-treatment evaluation of canine lymphoma in studies performed on the last 15 

years, revealed that 17,5% of the studies did not described the staging work-up and 

approximately half of the them relied on a minimum work-up.92  Therefore, the primary goal 

of this study was to determine whether different staging methods in dogs with multicentric 

lymphoma results in significant stage migration, in a homogenous population submitted to the 

same type of diagnostic procedures.  

 For the diagnosis of the neoplasia, all the 23 dogs enrolled in the study underwent lymph 

node FNA for cytology and flow cytometric immunophenotyping. Cytological examination of 

lymph nodes by FNA technique is a commonly use method for the definitive diagnosis of 

lymphoma in dogs. A survey performed by Regan et al.85  showed that, of the 110 veterinaries 

enrolled in the study, 96% recommended cytology of an enlarged lymph node and/or other 

organs with suspected involvement as part of routine staging, while only 28% recommended 

histopathology. This preference may be due to the readiness and lower cost of sample collection 

associated with this technique in comparison to histopathology. However, diffuse lymphomas 

composed of small to intermediate cells and follicular lymphomas can be difficult to diagnose 

by cytology. Therefore, for some histological types, other diagnostic tests (e.g. histopathology, 

flow cytometry or PCR for clonal antigen receptor gene rearrangement (PARR)) may be 

required in addition to cytology.91  

 Of the 23 dogs enrolled in the study only two had hepatomegaly and five splenomegaly 

on physical examination. However, the introduction of more advanced diagnosis tests reviled a 

larger number of animals (18 dogs) with intraabdominal organs involvement. The low number 

of cases where liver and spleen abnormalities were detected enhance the fact that physical 
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examination, though important, is a highly insensitive and subjective method for lymphoma 

staging. This same conclusion was taken by Flory et al.86 in her study with 59 dogs, where only 

30% of the dogs enrolled had hepato and/or splenomegaly detectable on physical examination, 

while ultrasonographic changes of the liver and spleen were encountered in 43% and 74%, of 

the animals, respectively. 

Only one dog presented neoplastic cells in the peripheral blood. In this study the 

presence of neoplastic cells in the peripheral blood was assess using only a blood smear. The 

cutoff value use to classify a sample as positive varies among studies.83,86,100 It has been 

reported by Riondato et al.100 that raising the cutoff value (e.g. 10%), though improving 

specificity, it decreases sensitivity to unacceptable values. Therefore, lower cutoffs are usually 

suggested.100 For this reason, in this study the peripheral blood sample was considered positive 

when any lymphoblast was present.86,100   

        Apart from blood smear examination, different techniques have been developed and are 

currently used to determine peripheral blood infiltration, namely flow cytometry and PARR. 

To date, there is no consensus regarding which technique should be use, which affects stage 

results and, consequently, prevents the comparison of the data obtained by different studies. 

Distinguishing reactive and neoplastic lymphoid cell via cytological examination can be 

challenging due to the similarities between them, namely the increased size, abundant 

basophilic cytoplasm and cleaved or bilobed nuclei. This can lead to an erroneous 

overestimation of peripheral blood infiltration. Therefore, it is proposed the conjunction use of 

blood smear evaluation and flow cytometry.100  

Bone marrow evaluation is important to assess lymphoma stage. However, to date, there 

are no standard techniques for quantifying bone marrow infiltration.  The inclusion of this step 

to the staging procedure resulted in the migration of one dog to a higher stage (IV-V). Some 

veterinaries defend that bone marrow evaluation is only required when peripheral blood 

abnormalities, such as cytopenias, suggest a strong infiltration.24 However, the results of the 

present work contradict this statement. Truthfully, in this study both dogs classified as stage V 

revealed peripheral blood abnormalities, with one animal presenting grade 1 anemia, and the 

other reviling grade 3 anemia, grade 1 thrombocytopenia and leukocytosis.  This discrepancy 

on the severity of the peripheral blood abnormalities encountered highlights the poor correlation 

between bone marrow affection and peripheral blood abnormalities. Furthermore, two dogs in 

the study presented middle to severe cytopenias (one with grade 1 anemia and grade 4 

thrombocytopenia and the other with grade 2 anemia and grade 2 thrombocytopenia) in the 



Discussion 

51 

 

absence of bone marrow infiltration, which reinforces the principle previous stated in different 

papers, that peripheral blood and bone marrow findings aren´t always compatible.45,82,83,84,88  

The cytopenias encountered in this patients were suspected to be of immunomediated origin, 

which is a common cause of cytopenias found in dogs with lymphoma.45,83,84 Do to this poor 

association between bone marrow affection and haematological abnormalities, CBC results 

shouldn´t be used as an independent screening test for the presence of lymphoma in the bone 

marrow for staging canine lymphoma. It is relevant to point out that the use of cytology as sole 

method to assess bone marrow involvement, can be considered an important flaw of this study, 

since it has been showed that more sensitive tests, such as flow cytometry and PARR, are able 

to better detect neoplastic cells.83   

 Diagnosis imaging techniques, such as ultrasound, X-rays and tomography, have enable 

a substantial improve in the assessment of extension of cancer disease in the body. Thoracic 

radiographs are important to determine involvement of intrathoracic structures. In this study, 

only six dogs (26,1%) presented detectable abnormalities in the thoracic x-rays. The incidence 

of thoracic radiographs abnormalities observed in this study is lower than the one reported in 

previous studies by Starrak et al .105 and Blackwood et al.106, where the encountered incidence 

was 71% (192 of 270 dogs) and 76% (64 of 84 dogs) respectively. This may be due to the small 

size population included in the study. No stage migration was observed with the inclusion of 

thoracic X-rays to the group of diagnosis tests. 

Abdominal ultrasonography is another useful and commonly performed imaging 

technique, which can aid in the determination of intraabdominal organs involvement. However, 

even though ultrasonography sensitively detects subtle changes in intraabdominal organs 

appearance, changes are usually not pathognomonic of specific diseases. A normal size or 

enlarged liver, with or without altered ultrasonographic appearance, may have different 

underlying causes apart from lymphoma such as inflammation, nodular hyperplasia or other 

primary or secondary neoplasia (e.g. carcinoma, mast cell tumor). The same principle is valid 

for the spleen, where inflammation, hyperplasia, hematoma, extramedullary hematopoiesis and 

various neoplasia (e.g. mast cell tumor, hemangiosarcoma) can be present behind the alteration 

encountered in the organ during examination.87 The majority of altered ultrasonographic 

patterns found in this study were of diffuse nature, giving the affected organ’s parenchyma a 

heterogeneous appearance. This finding is consistent with the published literature, which 

classifies this diffuse pattern as the most common alteration associated with parenchymal 

lymphoma infiltration.81,93 Nevertheless, various ultrasonographic appearances of spleen and 
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liver, such as hypoechoic to anechoic nodules, diffuse hypoechogenicity and hyperechogenicity 

and mixed echogenicity, have been associated with lymphoma. Moreover, the absence of this 

changes does not exclude infiltrative disease.81,87,89  

In this study the positive predictive value for hepatic ultrasonography was high (100%) 

which seems to indicate that ultrasonography is a good test for detection of hepatic involvement 

in dogs with lymphoma. However, the negative predictive value achieved in this study was 

quite low (44,4%), with a significant number of dogs (10 animals) considered negative for 

lymphoma infiltration in the liver being latter on proved as positive by cytological examination. 

This results contrast with the results previously reported in another study by Crabtree et al.81 

performed with 69 dogs, where both the positive and negative predictive values were high 

enough to consider ultrasonography a useful test for the detection of hepatic involvement. 

Regarding the spleen, similarly to what was observed in the liver, the positive predictive value 

was high (88%), while the negative predictive value was low (50%). Once again this results 

contrast with the ones previously documented by Crabtree et al.81 in her study with 72 dogs, 

where the negative predictive value for splenic ultrasonography was so high (100%) that the 

authors considered unnecessary the performance of a FNA for cytological evaluation of an 

ultrasonographically normal spleen. In opposition, in this same study, the positive predictive 

value and the specificity were low (64,67% and 23,3% respectively) which led to the conclusion 

that cytology should be performed every time when an abnormal ultrasonographic image of the 

spleen is detected to assess whether or not lymphoma is present.81  In our study, both positive 

predictive value (88%) and specificity (60%) values were higher than the ones reported above. 

Nevertheless, taking into consideration the still low specificity value, in association to the usual 

advanced age of lymphoma patients and the range of possible differential diagnosis (e.g. 

extramedullary hematopoiesis), it is advisable to always confirm the diagnosis with a 

cytological evaluation. In this work, the addition of abdominal ultrasonography examination to 

the group of tests performed for the staging of the disease resulted in a significant stage 

migration, with 12 dogs shifting from stage III to stage IV.  Similar results have been reported 

by Flory et al.86 where the addition of abdominal sonography was accompanied by a shift into 

higher stages.  

Ultrasound findings may suggest the disease process, but it cannot provide the final 

diagnosis. Consequently, in order to obtain a concrete diagnosis, other diagnostic procedures 

(e.g. FNA, biopsy) are required to determine the underlying cellular process via tissue cells and 

architecture evaluation. FNA is a safe and effective method for obtainment of cell samples for 
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microscopic examination, which makes it a good-to-excellent technique for obtaining high-

quality diagnostic specimens.93 With the association of cytological examination to the 

ultrasound findings 3 animals changed to a higher stage (III to IV) and one dog changed to a 

lower stage (IV to III). These downward stage migration has already been reported in previous 

articles81,86,87 where the use of cytology as a more precise method resulted in the revelation of 

false positives in the previous method used (abdominal ultrasound). Nevertheless, in 

accordance with other studies, the inclusion of cytology resulted in a higher number of shifts 

into higher stages.86,87  

Overall, the use of more advanced techniques resulted in a significant stage migration, 

especially between stages III and IV. As a matter of fact, the more significant migration 

observed was between the staging methods A and B where 12 dogs migrated to a higher stage 

with the inclusion of the ultrasound examination. Between staging methods B and C four 

animals also migrated (3 to a higher stage and 1 to a lower stage) with the inclusion of liver and 

spleen cytology. This number might had been higher if more animals had been included since, 

as stated above, previous studies81,87 have shown significant differences between ultrasound 

and cytological results for the detection of lymphoma in the liver/spleen.  The low number of 

animals that migrated between the staging methods C and D may have as a main cause the low 

number of stage V dogs included in this study. Moreover, the use of cytological examination 

as sole evaluation method for the bone marrow and peripheral blood samples also might have 

had some influence in the low number of stage V patients detected. The use of other, more 

sensitive techniques, could have resulted in a higher number of animals in this stage.   

 Although not being a primary goal of this investigation, chemotherapy side effects and 

treatment responses were also analyzed. Since some of the dogs included in the study hadn’t 

completed the chemotherapy treatment, the treatment response was evaluated at the 6 week of 

treatment, which is the standardized moment for response evaluation.24  

In this study 12 of the 18 dogs (66,6%) followed achieved complete remission after the 

first cycle of treatment. This low response rate, which is usually reported as being 80-

95%71,74,77−79,  is most likely due to the small number of patients included in the study. No 

statistical significant association was found between stage (regardless of the staging method 

use) and substage and the achievement of a complete remission at 6 week treatment. However, 

this results should be interpreted with care due to the small sample of animals included. 

 The side effects developed during the first cycle of treatment were evaluated. It was 

observed that, dogs with more than 10kg were statistically more likely to present weight loss 
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and diarrhea than those with less than 10kg. This information may have some utility for the 

clinician, that can advance the implementation of a reinforced diet to prevent the development 

of this side effects. However, taking into consideration the low number of dogs enrolled in this 

study, such associations must be interpreted with care. Advanced stages (IV-V) and clinical 

signs of illness at the moment of diagnosis may be correlated with the development of higher 

grade adverse events due to an intense tumor cell infiltration of the GI tissues and bone 

marrow.102 Although it was possible to observe a significant association between substage and 

hospitalization, with substage b dogs being more frequently hospitalized, the small number of 

dogs included in this study made it impossible to make such correlation.  
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5. CONCLUSION 

 In conclusion, based on the stage migration observed in our study between the different 

staging methods, one can conclude that results obtained from different studies shouldn’t be 

crossed and compared unless the same staging tests have been done in both studies. Ideally, a 

standardized protocol for staging canine lymphoma should be implemented. Based on the 

present results, in future prospective studies, optimal diagnosis and clinical stage evaluation 

should include as a minimum: 

 For diagnosis: a flow cytometry and cytomorphological analysis to define 

immunophenotype (B or T) and morphological subtype and, if possible, a 

histopathological diagnosis from excisional biopsied lymph nodes;  

 For staging: a CBC and smear evaluation, thoracic and abdominal imaging 

(radiographs and ultrasound), ultrasound-guided cytology of liver and spleen, 

and bone marrow aspirate evaluation prior to initiation of the therapy.  
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APPENDIXES 

Appendix 1. Chemotherapeutic protocol - CHOP modified Madison-Wisconsin 

CHOP Wisconsin-Madison Modified 

Week 1: Vincristine 0,5-0.7 mg/m2 IV 

               Prednisone 2 mg/kg PO, q24hr 

 

Week 2: Cyclophosphamide* 200-250 mg/m2 PO 

               Prednisone 1.5 mg/kg PO, q24hr 

 

Week 3: Vincristine 0.7 mg/m2 IV 

               Prednisone 1.0 mg/kg PO, q24hr 

 

Week 4: Doxorubicin† 30 mg/m2 IV 

               Prednisone 0.5 mg/kg PO, q24hr 

 

Week 6: Vincristine 0.7 mg/m2 IV 

 

Week 7: Cyclophosphamide* 250 mg/m2 PO 

 

Week 8: Vincristine 0.7 mg/m2 IV 

 

Week 9: Doxorubicin† 30 mg/m2 IV 

 

Week 11: Vincristine 0.7 mg/m2 IV 

 

Week 13: Cyclophosphamide* 250 mg/m2 PO 

 

Week 15: Vincristine 0.7 mg/m2 IV 

 

Week 17: Doxorubicin† 30 mg/m2 IV 

 

Week 19: Vincristine 0.7 mg/m2 IV 

 

Week 21: Cyclophosphamide* 250 mg/m2 PO 

 

Week 23: Vincristine 0.7 mg/m2 IV 

 

Week 25: Doxorubicin† 30 mg/m2 IV 

*Furosemide PO, concurrent with cyclophosphamide and again 3 hours after 

cyclophosphamide administration. 

†In dogs with less than 10kg in body weight a dose of 1 mg/kg was used.  

 

NOTE: CBC performed prior to each chemotherapy.  

              Between the first two cycles there was a week of “rest” in which no drug was 

administered and only a control CBC was made 

              After the second cycle one week was left between each administration where only a 

control CBC was made. 
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Appendix 2. Quality of life questionnaire (from Development of a questionnaire assessing health-related quality 

of life in dogs and cats with cancer.53). 

 


