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SUMMARY 


Inconsistent use of nomenclature in different canine malignant lymphoma (CML) 


classification systems, which lead to incorrect diagnosis and prognosis, 


necessitated a retrospective study of 103 cases of CML. Histological 


classification was done according to the Working Formulation, on H&E sections, 


after standard processing. Immunophenotyping, using CD3 (T cell) and CD79a (8 


cell) markers, was carried out on the same sections. 


Intermediate grade lymphomas were the largest category (49.5%), with 16.5% 


high grade lymphomas. More than half (53.3%) of the lymphomas were of 8 cell 


immunophenotype, and 36.5% were T cell lymphomas. Only 9.7% of the total 


number of lymphomas exhibited double negative staining. Only two categories, 


the immunoblastic and medium-sized macronucleolated (MMC) category (Fournel 


-Fleury et al.). eX~libited constant (8 cell) immunoph~notype. All the other 


categories exhibited mixed immunophenotype. 


The Working Formulation, with omission of the follicular tyoes (due to the rarity 


thereof in CML) and addition of the MMC category and immunophenotyping, is 


best for classifying CML. 
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1. INTRODUCTION AND LITERATURE REVIEW: 

Malignant lymphoma in animals and man is a well recognised, often fatal, 

clinical and pathological entity. 2-28 These neoplasms may consist of 

different subsets of lymphocytes, namely T- and B- lymphocytes and 

natural killer (NK) cells. 2-28 Reliable distinction may be facilitated by 

immunophenotyping. 2-28 The Avidin - Biotin - Complex (ABC) 

immunoperoxidase technique forms the basis of most of the 

immunophenotypic methods to distinguish between T and B lymphocytes 

in formalin-fixed, paraffin wax-embedded tissues derived from cases of 

canine malignant lymphoma (CML).5-9 11 192023-26 Although a pan T cell 

marker (CD3) has been in use for several years 235-91421-26 , B cells could 

only by identified utilising a panel consisting predominantly of 

immunoglobulin-based markers. 142021 24-26 Recently, a new B cell marker 

(CD79a), which would eliminate the use of multiple markers has been 

identified. 8 16 18-20 Correct identification of the immunophenotype is of 

critical importance in establishing an accurate diagnosis, which has both 

prognostic and therapeutic implications.24 26 In human medicine, several 

classifications such as the Rappaport_122426, Kiel_891224-26, Luke Collins _ 12 

162426, National Cancer Institute Working Formulation 82426 - and Revised 

European-American Lymphoma (REAL) classifications of lymphoid 

neoplasms13 have been in use at different times.481324252627 Although 

histopathological descriptions of the different entities were adequate in 

most of the lymphoma classification systems, the same biological entities 

often go under different names in the various classification systems.481324­

26 The inconsistent use of nomenclature is both confusing and frustrating 

and may be the cause of incorrect prognosis and treatment. 13 24-26 Of the 

histopathological classification systems that have been in use for malignant 
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lymphoma in man, only the Working Formulation and the Kiel classification 

have been widely utilised in veterinary medicine.s 9 24-26 There appear, 

however, to be several lymphoma subtypes that cannot be categorised into 

the existing classification system based on the Working Formulation.s 

Thus, a modification of the Working Formulation, based on the 

immunophenotype may be necessary, to increase the effectiveness of the 

classification of CML. Alternatively, a modification of the REAL 

classification which incorporates immunophenotyping in addition to the 

histopathological component may also be useful.8 

The Working Formulation, which is now the most widely used classification 

system in human pathology in the United States, was initially designed as 

al1 inclusive system in which most of the classification systems then in use, 

could be incorporated. Except for the Kiel - and Luke Collins classification 

systems, most of the classification systems fell into disuse since the 

publication of the Working Formulation in 1982. The morphological 

classification of the Working Formulation was based on the 

histopathological features of haematoxylin and eosin (H&E) stained 

sections alone, since no immunological stains were available at that time. 

Forthis reason Harris et al. 13 considered the Kiel classification, which also 

incorporates immunohistochemistry, to be a more appropriate 

classification system. Although the Kiel classi'fication used both detailed 

morphological criteria to define specific entities, it excludes primary, 

extra-nodal forms, and T-cell associated malignant lymphomas.13 26 A 

proposal from the International Lymphoma Study Group partially solved the 

above-mentioned problems by suggesting a combination and modification 

of these systems, namely the Revised European-American classification 

(REAL classification)13, and has gained considerable support among 
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medical pathologists since its introduction in 1994 (personal 

communication: PM Close, Department of Anatomical Pathology, 

University of Cape Town School of Medicine). 

The situation in veterinary science is unsatisfactory. In the past, either no 

subclassification was applied, or there was direct extrapolation from the 

human classification systems. Canine malignant lymphoma is considered 

to be the equivalent of non-Hodgkins lymphoma in man 8 24 26 and it is 

therefore logical that a comparable classification system should be 

adhered to. CML is the mostfrequently encountered lymphoid tumour, with 

a prevalence of between 13 to 24 cases per 100,000 dogs 9 24-26, although 

this is probably an underestimation.24 As in man, an accurate histological 

diagnosis in cases of CML is an essential prerequisite not only for an 

accurate prognosis, but also for selection of a suitable treatment regime.3 

9 25 26 It is accepted by several researchers that clinical staging and 

histopathological classi'fication are the two most reliable variables in CML 

in dogs for determining prognosis, response to treatment, remission 

periods and overall survival times.3 924 25 Use of the Kiel- and Working 

Formulation classifications, have been implemented by several veterinary 

investigators4892526, either individually or together, with success. However, 

opinions differ as far as the usefulness of the different classification 

systems are concerned. Greenlee et al. was ofthe opinion that the Working 

Formulation was of limited use, mostly due to the prominence accorded 

follicular lymphomas in this classification, and the scarcity thereof in dogs.9 

Teske, however, concluded in a mUltivariate analysis of lymphomas in 254 

dogs, that both the Working Formulation and Kiel classification are readily 

applicable to CM L but that the Rappaport classification is of limited value.24 

Furthermore, in a more recent study, Teske et al. concluded that the 
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Working Formulation with added immunophenotyping was best suited to 

the classification of CML.26 Fournel-Fleury et al., on the other hand, had 

a different opinion as to the usefulness of the different classification 

systems and concluded that whereas an updated Kiel classification was 

most suitable, the Working Formulation had limited value, and that a 

modified REAL may have some potential as a future classification system.B 

Immunohistochemical markers have been used in recent years in the 

identification of the origin of the lymphocyte (8 or T) in CML.3 5-B 21 2426 

Identification of the cell of origin, 8- or T cell, based on the histological 

appearance ofthe lymphoma {as in the Luke Collins classification used on 

humans)15 is not reliable.926 This viewpoint has been substantiated in a 

recent investigation where it was proved in a prospective, multivariate 

analysis, using cellular markers, that unexpected high frequencies ofT cell 

lymphomas in dogs may exhibit 8 cell morphology histologically.26 

In man immunophenotyping utilising specific cellular markers, has become 

more common and widely used in recent years. Most immunophenotyping, 

has been performed using fluorescent immunocytochemistry on frozen 

sections and fine-needle aspirates. More recently an immunoperoxidase 

technique on formalin-fixed paraffin wax-embedded tissue sections has 

been employed for similar typing. 3 5-26 In both instances a panel of human 

leukocyte slJrface markers directed against various antigens including 

CD45A, Thy-1, CD49d, CD3, CD4, CD8, CD21 and anti-lgM, -lgG and -lgA 

have been utilised. The use of these cell markers in dogs is not practical 

for immunophenotypic diagnosis ofCML, because many positive reactions 

are inconclusive 9, and application of such a wide range of cell markers is 

too expensive for general use in veterinary medicine.20 
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Some human cell markers are, however, suitable for use in dogs. Human 

polyclonal CD3 antiserum C*DAKO A452 - rabbit anti-human) is effective 

on canine formalin-'fixed paraffin wax-embedded tissues and is suitable as 

a pan T-cell marker in CML.5 7 8 20 22 26 The advantages include high 

specificity and sensitivity and resistance of the antigen to formalin fixation. 

613 CD3 is an intimate intracytoplasmic portion ofthe T-cell transmembrane 

receptor (TCR) that mediates signal transduction and is conserved across 

species lines.14 22 The CD3 antibody reacts with the intracytoplasmic 

portion of the CD3 antigen. 2 The use of this cell marker to confirm the 

presence of a T cell neoplasm is important, because the diagnosis of a T 

cell lymphoma is indicative of a poor prognosis. 92425 

Before the availability of the B cell marker, CD79a 1619, no reliable single 

marker for B cells in dogs on formalin-fixed, paraffin wax-embedded canine 

tissues, apart from markers for the immunoglobulin chains, 3 5 14 was 

available. The lack of availability of a reliable B-cell marker that could be 

used on similar preparations precluded ready application of the modified 

Kiel classification system and the REAL classification systems. Recent 

identification of a polypeptide (encoded by the mb-I and 1129 genes) which 

is closely associated with the plasma membrane associated 

immunoglobulins, led to the development of an antibody against the mb-I 

gene product (designated CD79a at the Fifth International Workshop on 

Human Leucocyte Differentiation Antigens in 1993).16 19 CD79a has a 

similar function in B cells as CD3 in Tcells, namely, transmembrane signal 

transduction.17 19 The monoclonal antibody JCB117 (DAKO CD79acy 

M7051) which stains CD79a and cross-reacts widely across species lines, 

has been identified as a pan-B-cell marker in man .14 17 19 This cell marker 

l*DAKO: Southern Cross Biotechnologies, Cape Town, SA 
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appears in the pre-B cell stage of development. 19 The prevalence of B cell 

lymphomas may therefore have been underestimated because the markers 

previously used measured the production of immunoglobulin by B cells. 3 

The more primitive, precursor cell clones that do not yet produce 

antibodies, would not have been identified. CD79a has recently been 

successfully applied to formalin-fixed paraffin wax-embedded tissue 

sections in the identification of NHL and Hodgkin's lymphoma in man.1617 

19 In the more primitive forms, slJch as pre B cell lymphomas, the antibody 

showed intracytoplasmic positivity.19 This cell marker has been utilised in 

the positive identification of canine B lymphocytes in CML in two recent 

trials. 820 
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2. OBJECTIVES: 


• 	 Immunophenotyping of 1 03 canine malignant lymphomas using CD3 

and CD79a cell markers to establish the involved lymphocyte 

subset. 

• 	 Histological classification of these lymphomas according to the 

Working Formulation. 

• 	 Application of a modification of the Working formulation that could 

be of clinical value, in terms of prognosis and survival times, 

considering the histological classification and immunophenotype. 

• 	 Determination of the suitability of the REAL classification in CML 

entities because of the all-encompassing nature of the REAL 

classification in terms of histological classification systems (includes 

Rappaport-, Luke Collins-, Working Formulation and Kiel 

classification systems) in conjunction with immunophenotyping. 
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3. 	 MATERIALS AND METHODS: 

1 . 	 Case selection: 

Cases: One hundred and three canine lymphoma cases were 

selected from biopsy and necropsy material submitted to the 

Department of Pathology, and from biopsy material from Dr W S 

Botha, a veterinary pathologist in private practice in Pretoria, and Dr 

R D Last, a veterinary pathologist in private practice in 

Pietermaritzburg. 

Biopsy and necropsy material comprised lymph nodes (peripheral 

and splanchnic), splenic, intestinal and skin specimens. Only 

necropsy material with an,interim of two hours and less was used to 

exclude the potential for autolytic artefact. 

Fixation in 10% buffered formalin did not exceed one week to 

optimise tissue preservation and reduce denaturation of the 

antigenic sites. 

Controls: Positive and negative controls for immunophenotyping 

were selected from material emanating from a previous 

investigation. 20 

Positive controls: Cases that stained positively for either CD3 

(positive controls for CD3), or CD79a (positive controls for CD79a) 

was included with each batch of specimens. 

Negative controls: Samples of canine tonsil, which served both as 

a positive and negative control for both markers due to the normal 

distribution of Band T lymphocytes, was also included with each 

batch of specimens. 
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2. Processing: 

a) Histopathology samples for classification: 

The tissue was processed and embedded in paraffin-wax. 

Sections were cut at 4IJm from the blocks and mounted on 

poly-I-Iysine e*SIGMA P1274)-coated glass slides. 

The slides were dried overnight in an oven at 60 0 e to 

enhance section adhesion. 

Routine dewaxing and rehydration were carried out (15 

minutes in xylol, and 3 minutes each in 100%,96% and 70% 

alcohol)1 

Histological classi'fication was done on routine H&E stained 

sections from each case. 

b) 	 Immunophenotyping: 

CD3: Blocking of endogenous peroxidases with 3% hydrogen 

peroxide (3m I hydrogen peroxide in 100ml methanol) for 15 

minutes at room temperature, followed by 5 minutes rinsing in 

tap water. Unmasking ofthe antigenic sites was accomplished 

by using proteolytic enzymes, specifically, pronase E 

(Protease Type XIV SIGMA P-5147) for 30 minutes, after 

which the sections were rinsed in tap water for 5 minutes. 

After cooling in buffer ( pH7.6 - made up from 2g BSA ­

SIGMA A2153- per 2 litre of PBS buffer after pH 

determination), treatment with normal serum (Goat SIGMA G­

9023) at a dilution of 1 :20 for 10 minutes at room temperature. 

The primary antibody (DAKO A0452) was then applied at a 

2*SIGMA: PO Box 12202, Vorna Valley 1686, SA 
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dilution of 1 : 100. After incubation at room temperature for 120 

minutes, and jet washing in phosphate buffered saline (PBS) 

(2 X 5 minutes) at room temperature, the secondary 

biotinylated antiserum (diluted 1 :500) (goat antirabbit - DAKO 

E432)) was applied for 45 minutes. Following another jet 

washing in PBS, peroxidase conjugated avidin (3*VECTOR 

Vectastain ABC Kit PK-4000) at a dilution of 1 :500 was 

applied and incubated on the sections for 30 minutes. After 

further washing in PBS and exposure to strong DAB 

(4*MERCK BDH Prod 13033) for 16 minutes at room 

temperature, the sections were again rinsed (in deionised 

water) and counterstained with haematoxylin (monitored by 

light microscopy for adequate staining). After another washing 

in water for 5 minutes, followed by routine dehydration through 

increasing alcohol concentrations and xylol, the sections were 

cover-slipped. 10-12 20 

CD79a: The technique was similar for that of CD3, with the 

following exceptions: Unmasking of antigenic sites was done 

using citrate buffer, with microwave heating for 10 minutes 

after start of boiling point; the normal serum used was rabbit 

(SIGMA R-9133); the primary antibody (DAKO M7051) was 

used at a dilution of 1 :25, and incubation was for 120 minutes 

at room temperature; the secondary antibody (rabbit anti­

mouse - DAKO E 354), used at a dilution of 1 :250 was 

incubated for 45 minutes. 

3*VECTOR: BDS Diagnostics, PO Box 7312, Lynwood Ridge, Pretoria, SA 

4*MERCK: Merck NT Laboratory Supplies, PO Box 1998, Halfway House, SA 
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The sections were stained with each specific marker in 

batches of 20. 

One negative and one positive control slide, for each specific 

marker, was included with each batch of 20 cases. 

c) 	 Observations: 


This was a single-blind study. 


3. Classification: 

The sections were examined under oil (IOOX) to evaluate the 

cellular morphology. The mitotic rate was determined under high dry 

(40X magnification). The following were recorded: 

a) Type of tissue (eg. lymph node, spleen, skin). 

b) Architecture of the neoplasm (follicular, diffuse). 

c) Mitotic rate was established under 40 X magnification, the 

number of mitotic figures was counted in 10 fields and the 

mode determined. (The neoplasm was classified as low grade 

if between 0 and 3 mitoses were observed per field, as 

intermediate if between 3 and 5 mitotic figures were observed 

per field and as high grade if 6 and more mitotic figures were 

present 4, based on mode per 10 fields ). 

d) Cell size: The cells were classified as small if equal in size to 

that of an undistorted red blood cell, and as large if twice the 

diameter of a red blood cell. If it fell between these types, the 

size was recorded as intermediate. 
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e) 	 Nucleus: The following features were recorded: 

• 	 Nuclear shape. 

• 	 Chromatin pattern. 

• 	 Nucleolar number and size relative to nuclear size. 

• Mitotic rate. 


f) Cytoplasmic volume and nuclear placement. 


The lymphomas were classified into the following categories 

according to the histopathological characteristics as described by 

Carter and Valli (Working Formulation)4, Valli27 and Fournel- Fleury 

et al. 8, and the skin neoplasms as described by Walder et al.28 
, as 

follows: 

A. 	 Low grade lymphoma 

1. 	 Diffuse small lymphocytic (DSL): diffuse pattern; small cells, 

round nucleus, clumped chromatin producing chromocentres, 

occasional nucleoli, scant cytoplasm (resemble normal, well­

differentiated lymphocytes). 

2. 	 Diffuse small lymphocytic (DSL) of intermediate type: 

diffuse pattern, cells are larger than DSL, nucleus is round but 

may have an irregular outline, occasional nucleoli, scant 

cytoplasm. 

3. 	 Diffuse small lymphocytic (DSL) plasmacytoid: diffuse 

pattern, round nucleus, clumped chromatin (chromocentres), 

occasional nucleoli, abundant deeply basophilic/amphophiliC 

eccentric cytoplasm, a mixture of DSL cells may be present. 

(Both DSL of intermediate type and DSL of plasmacytoid type 

are considered subtypes of DSL by some authors4). 
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4. 	 Follicular small cleaved (FSC): follicular pattern, nuclei are 

angular/irregular/folded (cleaved), dense chromatin with 

inconspicuous nucleoli, scant cytoplasm. 

5. 	 Follicular mixed (FM): follicular pattern; nuclei are angular 

(irregular to cleaved-centrocytic), dense chromatin, 

inconspicuous nucleoli, scant cytoplasm. 

6. 	 Macronucleolated medium-sized cells (MMC's). These 

lymphomas were unclassifiable within the Working 

Formulation. Refer to the section on unclassifiable lymphomas 

for further clarification. 

B. 	 Intermediate grade lymphoma 

1. 	 Diffuse small cell cleaved (OSC): diffuse pattern, 

nuclei are angular/cleaved, hyperchromatic to coarsely 

stippled chromatin, inconspicuous nucleoli, scant 

cytoplasm. 

2. 	 Diffuse mixed (OM): diffuse pattern, two different cell 

populations: small and large cleaved or non- cleaved 

nuclei; small cells: hyperchromatic angular/cleaved 

nuclei, inconspicuous nucleoli; large cells: cleaved or 

non-cleaved nuclei, round to oblong in shape, 

hypochromatic, multiple prominent nucleoli (usually 

peripheral), abundant poorly demarcated cytoplasm. 

3. 	 Diffuse large (OL): diffuse pattern, round nuclei, 

inapparent chromatin (hypochromatic), prominent 

peripheral nucleoli, often fairly abundant cytoplasm. 

4. 	 Diffuse large cleaved (OLC): diffuse pattern, nuclei are 

angular/cleaved/folded several times (cerebriform), 
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finely dispersed chromatin, prominent nucleoli, scant 

basophilic cytoplasm. 

C. 	 High grade lymphoma 

1. 	 Immunoblastic: diffuse pattern; large, round nuclei, 

inapparent chromatin (hypochromatic), prominent 

central nucleolus, scant cytoplasm. 

2. 	 Lymphoblastic: diffuse pattern; small, round to angular 

nuclei, hyperchromatic to finely dispersed chromatin, 

inconspicuous nucleoli or multiple small nUCleoli, scant 

cytoplasm. 

3. 	 Small non-cleaved: diffuse pattern; non-Burkitt: larger 

in size (1.5 red cells), coarse heterochromatin 

(chromocentres), multiple or single prominent nucleoli, 

cytoplasm abundant; Burkitt: homogenous population, 

round, hypochromatic nuclei, multiple small nucleoli, 

distinct cell borders. 4 

D. 	 Miscellaneous lymphomas 

1. 	 Mycosis fungoides (epitheliotrophic lymphoma): 

primary epidermal neoplasm with secondary dermal 

involvement comprised of large cells, nuclei are folded 

several times (cerebriform), hypochromatic nuclei, 

inconspicuous nucleoli, scant cytoplasm. 

2. 	 Nonepitheliotrophic lymphomas : three types are 

recognised: Large cell type: Large vesicular round to 

folded nuclei, multiple nucleoli, scant amphophilic 

cytoplasm, moderate to high mitotic rate; 
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Immunoblastic : Very large cells, large round 

hypochromatic nuclei, single large central nucleolus, 

high mitotic rate; Histiocytic: Large ovoid to convuluted 

nuclei, large single nucleolus, abundant poorly defined 

cytoplasm. 

3. 	 Unclassifiable lymphomas: although unclassifiable 

according to the Working Formulation this category of 

miscellaneous CM L were classified as 

macronucleolated medium-sized cells (MMC). This 

lymphoma subtype was identified and described by 

Fournel - Fleury et al. in 1996. Cells are small to 

intermediate in size (never more than 1.5 red blood cell 

in diameter) with hypochromatic nuclei and prominent 

(often multiple) nucleoli8 (See Fig 3). Due to the low 

mitotic rate of these neoplasms, this group was 

allocated to the low grade lymphoma category. 

Before placing a neoplasm in a particular category the histological 

morphology and mitotic rate were correlated. 

4. 	 Immunophenotyping 

All the sections were examined in a single blind study, without taking 

the Working Formulation into consideration. Two sections from each 

case were stained with CD3 and CD79a, respectively. A positive and 

negative control were stained together with each batch of twenty 

cases (see above). A case was regarded as positive B or T cell in 

origin if at least 60% of the neoplastic cells exhibited positive 

staining for the specific cell marker. The staining pattern for CD3 

was cytoplasmic membrane associated (See Fig 5) and for CD79a 
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was either perinuclear and intracytoplasmic or cytoplasmic 

membrane associated. 

The results of this examination were recorded and correlated 

separately. 

Light brown staining of lymphocytes, often intracytoplasmic with a 

smudged appearance, which was frequently seen in cases with 

abundant necrosis and/or haemorrhage, was regarded as non­

specific. Cases in which CD3 stained the paracortical lymphocytes 

in a lymphnode6
, and CD79a the lymphocytes in the germinal 

centres18, were regarded as hyperplasia, and removed and replaced 

by another case. The latter cases were not included in the 103 cases 

examined. 

5. 	 Correlation ofthe Working Formulation and immunophenotyping with 

the REAL classification 

The neoplasms, together with their immunophenotype was 

correlated, as far as possible, with the categories as described by 

Harris et al. in the REAL classification. 13 

6. 	 Statistical analysis 

Statistical analysis was performed using Epilnfo (Vers6). The nature 

of the data only allows for frequency determination. 
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4. 	 RESULTS 

a) 	 Histological classification 

Most of the specimens were lymph nodes (n =92), with 8 skin 

specimens, 1 intestinal specimen and 2 splenic specimens. The 

nodal lymphomas were diffuse in the majority of cases (n =83), with 

a pseudofollicular pattern in seven, and a true follicular pattern 

visible in two cases (See Fig 2). One of the splenic specimens 

exhibited a pseudofollicular pattern. 

Using the Working Formulation, the 103 cases were classified in the 

categories as defined above and are tabulated according to 

frequency in Table 1. Seventeen cases (16.5%) were classified as 

high grade, 51 (49.5%) as intermediate grade and 27 (26.2%) as low 

grade CML. The skin neoplasms, all of which were 

nonepitheliotrophic, were classified in the miscellaneous category. 

The MMC lymphomas were included in the low grade category. No 

cases of FSC, FM, lymphoblastic and mycosis fungoides 

epitheliotrophic lymphomas were represented in this study. 

Diffuse large cell lymphomas made up the largest individual 

category and consisted of 31 cases (30.1 %). The immunoblaslic 

lymphomas were the second largest group (13 cases - 12.6%) with 

the mixed cell type (9 cases - 8.7%) being the third largest. 

The skin neoplasms comprised 7.8% of the total number of cases. 

These neoplasms were subdivided into additional categories as 

described. Seven cases (87.5%) were classified as being of the 

large cell type, whereas one was categorised as being histiocytic. 

17 
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Table 1. Classification of 103 cases of Canine malignant lymphoma according to the 

modified Working Formulation 

ICLASSIFICATION IFREQUENCY IPERCENTAGE I 
LOW GRADE 27 26.2 

DSL 7.88 

DSL(lNTERMEDIATE) 7.88 

DSL (PLASMACYTOID) 6 5.8 

FSC 0 0 I 

0 0 


MMC 


FM 

5 4.9 


INTERMEDIATE GRADE 
 49.551 

4.9 


OM 


DSC 5 

9 8.7 

DL 31 30.1 

DLC 5.86 

HIGH GRADE 17 16.5 

IMMUNOBLASTIC 13 12.6 

LYMPHOBLASTIC 0 0 


SMALL NON CLEAVED 
 4 3.9 


MISCELLANEOUS 
 8 7.8 

MYCOSIS FUNGOIDES 0 0 


NONEPITHELIOTROPHIC 
 8 7.8 

LYMPHOMA 

II TOTAL 103 I 100 II 

DSL = Diffuse small lymphocytic; FSC Follicular small cleaved; 

FM ::::: Follicular mixed; MMC::::: Macronucleolated medium-sized cell; 

DSC ::::: Diffuse small cell cleaved; DM = Diffuse mixed; 

DL = Diffuse large; DLC ::::: Diffuse large cleaved. 
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b) 	 Immunophenotypic classification 

After immunophenotyping 38 cases (36.8%) were classified as being 

of T cell, and 55 cases (53.4%) as being of B cell 

immunophenotype. Ten cases exhibited no staining with either the 

CD3 or CD79a markers. 

The frequency of positive staining in the different categories are 

tabulated in Table 2. High grade, immunoblastic lymphomas were 

consistently positive for the B cell irnmunophenotype, as was the 

MMC category. In the other categories the cell populations were 

variably positive with both the CD3 and CD79a markers. Double 

negative staining occurred in four categories, namely, the 

plasmacytoid variant of DSL, mixed small and large cell lymphomas, 

large cell lymphomas and nonepitheliotropic lymphomas. The low 

grade, plasmacytoid lymphomas had the highest prevalence of 

double negative staining (66.6%), and did not exhibit any positive 

staining with CD3. 

Amongst the T cell lymphomas, low grade neoplasms made up 

23.7% of the total percentage of T cell lymphomas, intermediate 

grade 52.6% and 5.3% were in the high grade category. In the case 

of B cell lymphomas the highest percentage (49%) occurred in the 

intermediate grade category; while the high grade cases made up 

27.2% and the low grade 21.8%, respectively. Amongst the 

miscellaneous CML, nonepitheliotrophic lymphomas exhibited 

positive T cell staining in 62.5% ofthe cases while 12.5% were of B 

cell immunophenotype and 25 % were negative for both T and B cell 

immunophenotype. The histiocytic cell and large cell type in this 
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category stained negatively for both T and 8 cells. The total number 

of lymphoid neoplasms which could not be classified according to 

the Working Formulation was five. All of these neoplasms fitted into 

the MMC categorY, and all of these exhibited positive 8 cell 

immunophenotyping. 
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Table 2. Frequency of immunophenotype in the different categories of the modified 

Working Formulation in 103 cases of Canine malignant lymphoma 

CLASSIFICATION CD3+ CD79a + CD3 - and 

CD79a ­
ITOTAL I 

WGRADE 11 12 4 27 

DSL 7 1 0 8 

DSL (INTERMEDIATE) 4 4 0 ·8 

DSL (PLASMACYTOID) 0 2 4 6 

MMC 0 5 0 
i 5 

INTERMEDIATE 20 27 4 51 

DSC 4 1 0 ·5 

OM 4 3 2 9 

DL 10 19 2 31 

DLC 2 4 0 6 

HIGH GRADE 2 15 0 17 

IMMUNOBLASTIC 0 13 0 . 13 

SMALL NON CLEAVED 2 2 0 4 

MISCELLANEOUS 5 1 2 8 

NONEPITHELIOTROPHIC 5 1 2 8 

TOTAL 138 1155 110 1103 I 
DSL :::: Diffuse small lymphocytic; MMC:::: Macronucleolated medium-sized cell; 

DSC Diffuse small cell cleaved; DM :::: Diffuse mixed; 

DL :::: Diffuse large; DLC :::: Diffuse large cleaved. 
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5. 	 DISCUSSION 

5.1 	 INTRODUCTION 

Accurate histological classification ofCML is fraught with difficulties. 

Although it has been applied in several investigations4 
5 8 926, only 

one detailed histopathological description of canine malignant 

lymphomas according to the Working Formulation is in existence.4 

Furthermore, the criteria for distinguishing between the different 

categories are often applied subjectively with respect to grading and 

cell size in determination of the category of CML. It is inevitable that 

a degree of subjectivity shall be introduced into an investigation of 

this nature due mostly to differences in investigative approach 

compounded by differences in CML prevalence in different 

geographic centres. 

5.2 	 SAMPLE FREQUENCY 

The preponderance of lymph nodes (89.3%) is a reflection of the 

type of biopsy specimens which are usually received in this facility, 

and are consistent with the type of biopsy specimens received in 

Europe and America.26 Tissue samples from necropsy material 

(which would include splenic and intestinal samples) were mostly 

unrewarding, since most had to be discarded due to a prolonged 

interim. 

5.3 	 ARCHITECTURAL FREQUENCY 

Follicular lymphomas, by definition, should have evidence of more 

or less circular expansion of neoplastic centres throughout the node, 

with demarcation by a cuff of lymphocytes, and should not contain 

high endothelial venules4 (See Fig 2).The apparent scarcity of 

follicular cell type lymphomas in this study (1.9%) was in accordance 
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with findings by Carter et a/. (0.8%) 4, Greenlee et a/.(4.5%) 9, and 

Fournel - Fleury et a/. (2.2%) 8, and undoubtedly reflects the scarcity 

of follicular lymphomas in dogs. "Pseudofollicular" lymphomas, 

however are slightly more common.4 
8 These are expansions of 

neoplastic cells (usually paracortical in location) which contain high 

endothelial venules, may be surrounded by connective tissue bands, 

and cause compression ofthe surrounding tissue.4 Seven nodal and 

one splenic specimen exhibited these features in this study (7.8%); 

a finding comparable to that of Fournel - Fleury et a/. (8.7%).8 The 

high prevalance offollicular lymphomas (14.9%) recorded by Teske 

et a/. in 1994 could be the result of inclusion of both follicular and 

pseudofollicular lymphomas in a single category.26 

5.4 	 GRADING OF CANINE MALIGNANT LYMPHOMA 

Grading was based on the mitotic rate and the mode was utilised for 

determination of the mitotic rate, because of its greater reliability and 

higher accuracy compared to averaging which could be adversely 

affected by very low and very high numbers. Furthermore, it is 

believed that this method is an improvement upon the figure derived 

from the average number of mitoses in 5 fields at 1000X 

magnification as proposed by Valli, 199327 and the estimated 

number of mitoses per high power (40X) field in 5 fields as followed 

by Fournel- Fleury et a/. in 1997.8 

, 5.5 CATEGORIES 

Intermediate grade lymphomas were the largest category in this 

study. The high prevalence of intermediate grade lymphomas 

(49.5%) is similar to findings previously reported by Greenlee et a/. 
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(1990)9, Teske et a/. (1994)26 and Fournel-Fleury et a/. (1997)8, but 

differs from the findings of Carter et a/.4
, in which high grade 

lymphomas had the highest prevalence (66.8%).4 The latter study 

recorded a prevalence of 28.4% for intermediate grade lymphomas. 

The reason for the discrepancy between the findings of Carter et a/. 

4 and the findings reported by other investigators is unclear, but 

could be related to subjectivity of categorisation in the different 

grades. Carter et al.4 and Greenlee et a/. 9 reported a low prevalence 

of low grade tumours (5.3% and 11.4% respectively) as did Teske 

(16.4%)26 whereas the finding of 21% reported by Fournel- Fleury 

et a/.8
, approximates the finding in this study. 

The most commonly encountered individual categories in this study 

were diffuse large cell lymphomas (30.1%), immunoblastic 

lymphomas (12.6%) and mixed small and large cell (intermediate 

grade) lymphomas (8.7%). With the exception of the latter category, 

this is commensurate with the investigations reported by Carter et al. 

4, Greenlee et al. 9, Teske et a/. 26 and Fournel - Fleury et al. 8 No 

lymphoblastic lymphomas were encountered in this study, which 

corresponds with a similar absence in one of the investigations 

reported by Teske et al. 26 and the low prevalence in investigations 

reported by Greenlee et al. 9 and Fournel - Fleury et al. 8
, and is in 

contrast to the findings of Carter and Valli 4 in which a high 

prevalence of 17.2% was noted.4 Although speculative, this 

discrepancy may be attributable to the fact that the findings reported 

by the latter authors is a reflection of the large numbers of 

mediastinal tumours included in their investigation.26 The absence 

of mycosis fungoides (epitheliotrophic lymphoma) amongst the skin 
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neoplasms was unusual. In part, this may have been influenced by 

the small sample size, but may also have been influenced by 

geographic differences. 

5.5.1. 	 LOW GRADE LYMPHOMAS 

DSL and intermediate DSL lymphomas were the most 

prevalent of the low grade lymphomas (7.8% of each 

type). This corresponded to the findings of Carter et al. 

(4.9%)4, Greenlee et al. (10.2%)9 and Fournel- Fleury 

et al. (12%) 8 in the DSL category. The intermediate 

DSL category was not identified in their reported 

investigations. The plasmacytoid variants made up 

22% of the low grade lymphomas in this investigation, 

in contrast to the findings of Fournel - Fleury et al. in 

which 100% of the DSL low grade lymphomas were 

comprised of the plasmacytoid variant. 8 According to 

Teske et al. (1994), follicular lymphomas, conSisting 

predominantly of small cleaved cells, were the most 

common type of lymphoma (12.1%) in the low grade 

category. This finding may be related to the high 

prevalence of follicular lymphomas in his study.26 

Neither DSL, nor the plasmacytoid variant, were 

reported in this investigation by Teske et al. 26
• The 

plasmacytoid variant was categorised in the DSL 

category in the studies reported by Carter et al. 4 and 

Greenlee et al. 9, without any further subclassification. 

The MMC lymphomas were categorised in the group of 
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low grade lymphomas based on their mitotic rate; after 

initial grouping with the unclassifiable lymphomas in the 

miscellaneous category because they could not be 

classified according to the Working Formulation. They 

made up 4.9% of the total number of lymphomas. 

Fournel- Fleury et a/.8 
, who introduced the term for this 

lymphoma subtype in 1997, reported a comparable 

prevalence of 9.7% for this subtype in their 

investigation. 

5.5.2. 	 INTERMEDIATE GRADE LYMPHOMAS 

The most common group of lymphomas in the 

intermediate grade in this study was the DSL 

lymphomas, which comprised 30.1 % ofthe lymphomas. 

This is similar to the findings of 20% by Carter et a/. 4, 

48.3% by Greenlee et a/. 9, 40.2% by Fournel- Fleury 

et a/. 8 and 30.2% by Teske et a/. 26. Teske et a/. 26 also 

found that this group of lymphomas and follicular 

lymphomas were almost equally represented, 30.2% 

and 31% respectively.26 The prevalence of the mixed 

small and large cell lymphomas in this study was, 

however, higher than in other, comparable 

investigations.4 
8 9 26 This may, in part, be due to the 

subjective criteria adopted to distinguished between DL 

lymphomas and mixed cell lymphomas in the 

investigations of Carter et a/. 4 , Greenlee et a/. 9, Teske 

et a/. 26 and Fournel - Fleury et a/. 8 Diffuse small 

cleaved cells (4.9%) and diffuse large cleaved cells 
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(5.8%) made up a small proportion of the total number 

of lymphomas, which is again comparable to previously 

reported findings by Carter et a/. 4 , Teske et a/. 26 and 

Fournel - Fleury et a/. 8 

5.5.3. 	 HIGH GRADE LYMPHOMAS 

The most prevalent group in the high grade lymphoma 

category, was the immunoblastic type, which 

comprised 12.6% of the total number of lymphomas. 

This corresponds with findings reported by Carter et a/. 

4, Greenlee et a/. 9, Teske et a/. 26 and Fournel- Fleury 

et a/. 8 These large cells, with their large, prominent 

nucleoli within large round nuclei are distinctive and do 

not allow for misinterpretation. No lymphoblastic 

lymphomas were encountered in this study, a finding 

which correlates with that of Teske et a/. 26 

5.5.4. 	 MISCELLANEOUS GROUP 

The high prevalence of the large cell type of the 

nonepitheliotrophic lymphomas was dissimilar to 

previous findings by Day (1995), in which the 

immunoblastic and histiocytic cell types predominated. 5 

The significance of these differences are difficult to 

determine, since the number of cases were small; 8 

and 10, respectively. 
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5.6 IMMUNOPHENOTYPING 


The prevalence of T cell lymphomas (36.8%) in this study was 

higher, but comparable to that reported by Greenlee et al. (16.6%) 

in 19909 and Fournel-Fleury et al. (26%) in 19978 and almost 

identical to the 37.9% reported by Teske et al. in 1994.26 More than 

half of the lymphomas (53.4%) in this investigation expressed the B 

cell immunophenotype, which is lower than that reported by 

Greenlee et al. in 19909 and Fournel- Fleury et aJ. (74%) in 19978
, 

and almost identical to the 58.9% reported by Teske et al. in 1994.26 

The number of cases which failed to react with either of the two 

antibodies, was higher than reported by Teske et al. in 199426 and 

Fournel - Fleury et al. in 1997.8 However, it should be noted that 

these two studies were not quite comparable in that a panel of 

numerous B cell markers, including CD79a in the latterB but 

excluding CD79a in the former study 26, were used to determine the 

immunophenotype. Most lymphomas of the plasmacytoid subtype 

stained negatively with both CD3 and CD79a antibodies. 

The number of T and B cell lymphomas within each of the major 

classification groups (high grade, intermediate grade and low grade) 

in this study could not be compared with existing data, because the 

immunophenotypic prevalence was established by application of the 

updated version of the Kiel classification system in those instances. 
89 

The exclusive B cell phenotype of the immunoblastic lymphomas is 

in accord with the findings reported by researchers such as Greenlee 
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et a/. in 1990 9 , Harris et a/. in 199413 and Fournel - Fleury et a/. in 

1997.8Lymphomas in the MMC category were consistently positive 

when stained with CD79a; a finding similar to that reported by 

Fournel - Fleury et a/. 8 

The high prevalence of double negative staining in the plasmacytoid 

variant of DSL; a consistent feature in both veterinary8 and human 

medicine1319, may be related either to advanced or to disordered 

plasmacytic differentiation of these cells; in spite of the fact that 

normal human and dog plasma cells react with the CD79a cell 

marker. 8 18 19 Lymphoplasmacytoid lymphomas I immunocytomas 

in man exhibit similar histological characteristics to the plasmacytoid 

variant of CML13 Double negative staining is not a consistent feature 

in either the plasmacytoid variant in CML or the Iymphoplasmacytoid 

lymphoma I immunocytoma lymphoma in man; some lymphomas 

in both these categories do stain positively for the B cell 

immunophenotype.13 18 19 

Some DL cell lymphomas in this study also exhibited similar 

negative staining with both CD3 and CD79a; a phenomenon which 

is in accordance with the situation in man, first reported in the initial 

CD79a trials by Mason et a/. in 199519, and validated by Harris et a/. 

in 1994.13 

No lymphoma in this study exhibited positive immunophenotyping for 

both CD3 and CD79a markers. This is in accordance with the 

findings of Teske et a/. 26 and Fournel - Fleury et a/. 8 , but at 

variance with the findings reported by Greenlee et a/. in 19909, in 
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which some lymphomas stained positively with both Band T cell 

markers. This discrepancy is probably a reflection of the high 

specificity of the markers used in this study; as opposed to the 

degree of lower specificity of the markers utilised in the earlier 

investigation.9 

The high percentage of the T cell immunophenotype amongst the 

nonepitheliotrophic lymphomas of the skin corresponds with the 

findings of Day (1995).5 An interesting finding in this study by Day 

was that, in contrast to the exclusive B cell immunophenotype of the 

immunoblastic lymphomas in lymphoid tissue, those in the skin 

exhibited the T cell immunophenotype.5 No immunoblastic 

nonepitheliotrophic lymphomas were present in this study. The fact 

that the histiocytic nonepitheliotrophic lymphoma in this 

investigation, exhibited double negative staining, is deserving of 

special note; especially since the morphology and 

immunophenotype of this lymphoma bears a strong resemblance to 

that of the anaplastic large cell lymphoma (T and Null cell types) in 

the REAL classification. 13 Further investigation of this finding is 

needed to determine the significance thereof. 

All the other categories in this study exhibited mixed 

immunophenotypic characteristics. Mixed immunophenotypicity in 

many of the categories was reported before in an earlier 

investigation by Ferrer et al. in 1994.7 Correlation of these findings 

with those of other investigations was hampered by the fact that the 

immunophenotype was determined in the latter instances in relation 

to the Kiel classification system. Meaningful interpretation is 
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therefore difficult, if not impossible. Furthermore, the number of 

cases which stained positively with each marker within each 

category is small. Statistical analysis of the frequency in the different 

categories, with the exception of the DL lymphomas, failed to show 

any statistically significant differences (p < than 0.05). Furthermore, 

the subjectivity involved in distinguishing the DL lymphomas from 

mixed cell lymphomas rendered meaningful interpretation 

impossible. 

Thus, it can be concluded that the Working Formulation in it's 

present format, where the histopathological features are the only 

criteria used to categorise CML, is of limited value to the veterinary 

pathologist and clinician. It is clear that the immunophenotype in the 

majority of categories, cannot be predicted with any accuracy from 

the histopathological features. 

Since the immunophenotype is so important in terms of prognosis, 

as shown by Teske et al. 2526, and since it cannot be accurately 

predicted from the histological characteristics 26, CD3 and CD79a 

markers should be utilised, prior to any attempts at classification in 

cases of CML. All T cell lymphomas carry a poor prognosis.9 25 26 

Grading of T cell lymphomas can, therefore, be considered 

superfluous 25 26 and regardless of the mitotic rate, should carry a 

poor prognosis.25 However, the grading (low, intermediate and high) 

does have prognostic implications with respect to B cell lymphomas, 

since high grade tumours have a poor prognosis in terms of survival 

time.25 All B cell neoplasms, should therefore be graded according 

to the Working Formulation. Simplification of this grading system, 
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would entail the omission of the separate categories for follicular 

lymphomas, due to the rarity thereof in CML. 

The following abbreviated Working Formulation is, therefore, 

proposed for B cell lymphomas: 

Low grade: 

• 	 Diffuse small cell (possibly with special note of the 

plasmacytoid variant) 

• Macronucleolated medium-sized cell 

Intermediate grade: 

• 	 Diffuse small cleaved 

• 	 Diffuse mixed 

• 	 Diffuse large 

• Diffuse large cleaved 

High grade: 

• 	 Immunoblastic 

• 	 Lymphoblastic 

• Small non-cleaved 

Miscellaneous: 

• 	 Mycosis fungoides 

• 	 Nonepitheliotrophic lymphoma 

The nature of the REAL classification is such that it incorporates 

several different Working Formulation categories, into one REAL 

category; for instance: diffuse large cleaved, noncleaved , 

immunoblastic and diffuse mixed small and large cell categories are 

classified as diffuse large cell lymphomas. In addition, many 
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categories in the Working Formulation are also represented in more 

than one REAL category. Therefore, until such time as more data 

regarding prognosis and survival times become available for each 

of the categories within the Working Formulation, as exist for man, 

use of the REAL classification is not practical in the veterinary field. 
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6. CONCLUSION 

There is good correlation between the findings of CML in South Africa and 

that of data collected in the US, Holland and France, in terms of prevalence 

of the different categories in the Working Formulation as well as in the 

prevalence of the different immunophenotypes. Application of the Working 

Formulation is relatively simple. However, some di'fficulty may be 

experienced when subjective criteria are employed to distinguish between 

some of the categories. Immunophenotyping, however, is essential and 

plays a key role in prognosis. Grading of B lymphocyte CML, by using the 

suggested modified Working Formulation, would enhance it usefulness and 

practicality to clinicians and pathologists, alike. The REAL classification 

is currently of limited value in the classification of canine malignant 

lymphoma. 
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