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ABSTRACT

No significance has been shown yet
between the cytological subtypes of
canine lymphoma and clinical behav-
iour. This paper describes and illus-
trates the cytological and histological
criteria for application of the National
Cancer Institute Working Formula-
tion classification system, a scheme
with demonstrated prognostic capa-

bility for human non-Hodgkin's
lymphomas, to a series of 285 canine
lymphomas. The Working Formula-
tion can be used without difficulty for
canine lymphomas. Low grade follicu-
lar tumors were found to be much less
common, and high grade, aggressive
tumors much more common than
these cell types in humans. Low grade
tumors tend to have low mitotic rates
and high grade tumors tend to have
high mitotic rates. There may be an

association between hypercalcemia
and lymphoblastic cell type. A review
of available literature data for canine
lymphomas suggests that prognostic
extrapolation of clinical behaviour
based on human lymphoma data may
be possible. These results suggest that
there may be strong similarities of
morphology and behaviour between
human non-Hodgkin's lymphomas
and canine lymphomas.

Key words: Lymphoma, canine,
cytology, histology, classification.

RESUME

Nous ignorons toujours la possi-
bilite d'une relation entre les varietes
cytologiques du lymphome canin et

leur comportement clinique. Le
present article decrit et illustre, a partir
de 285 de ces lymphomes, les criteres
cytologiques et histologiques propres
a l'application du systeme de classifi-
cation de la formulation de travail de
l'Institut National du Cancer, une fapon
de proceder dont on connait la valeur
pronostique pour les lymphomes
humains autres que celui de Hodgkin.
On peut appliquer, sans difficulte, la
formulation precitee aux lymphomes
canins. Les tumeurs folliculaires et peu
malignes s'avererent beaucoup moins
frequentes que leurs correspondantes,
chez les humains, contrairement a

celles qui etaient plus malignes et plus
agressives. Les tumeurs peu malignes
affichaient ordinairement peu de
mitoses, contrairement aux plus
malignes. Il existe peut-etre une

relation entre l'hypercalcemie et le
type de cellules lymphoblastiques.
Une revue de la litterature disponible
sur les lymphomes canins suggere la
possibilite d'une extrapolation pro-
nostique de leur comportement cli-
nique, en se basant sur les donnees
relatives au lymphome humain. Les
resultats de l'experience permettent de
penser a la possibilite de fortes
ressemblances de morphologie et de
comportement entre les lymphomes
humains autres que celui de Hodgkin
et les lymphomes canins.

Mots cles: lymphome, chiens, cytolo-
gie, histologie, classification.

INTRODUCTION

Current clinical management of

multicentric canine lymphoma is
unsatisfying because of unpredictable
variation in survival time and short
average survival time. These factors
make counselling difficult when
advising owners about the benefits of
treatment. Attempts to predict
response to therapy have primarily
studied possible correlations to
clinical stage and histological cell
types. Clinical stage at presentation is
known to affect both complete
remission rate and overall survival
time (1). However, despite repeated
consideration in the past
(2,3,4,5,6,7,8), no strong correlation
has been shown between histological
classification of the diversity of cell
types which occur and either remission
rate or survival. Several recent studies
have either completely ignored histol-
ogy (1,9), or have used simplistic
classification schemes (10). A recent
phenotypical study (8) has shown a
correlation between attainment of
complete remission and absence of a

membrane marker characteristic of
activated T-lymphocytes.
We remain hopeful that correla-

tions between cell types and clinical
behaviour exist for canine lymphoma.
In humans, such correlations have
been known for at least 20 years, and
there are numerous classification
schemes (11,12). Canine lymphomas
have numerous similarities with
human non-Hodgkin's lymphomas,
and it has not yet adequately been
shown that application of a clinically
relevant human lymphoma classifica-
tion scheme to canine lymphomas is
without prognostic value.

This paper describes the histological

1aCan J Vet Res 1986; 50: 154-164.
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and cytological criteria for our
application of the National Cancer
Institute Working Formulation ( 11) to
canine lymphomas, and the distribu-
tion of cell types found in a retrospec-
tive random survey of 285 cases. The
Working Formulation describes ten
basic cell types which are divided into
three grades of clinical behaviour: low,
intermediate, and high. Low grade
tumors have the best five year survival
rate, while high grade tumors have the
worst. The Working Foundation was
chosen as the classification scheme for
this study because it represents a
concensus of experts, has excellent
descriptions of cell types and demon-
strated prognostic capabilities, and
can be used as a cross reference for all
other major terminologies for non-
Hodgkin's lymphoma cell types.

MATERIALS AND METHODS

One hundred and ninety-one speci-
mens were compiled from those
available at the provincial Veterinary
Laboratory Services diagnostic facil-
ity (VLS), Guelph, Ontario and 94
specimens from the Ontario Veteri-
nary College (OVC), University of
Guelph. The VLS specimens consisted
only of histological preparations from
biopsies; both cytological and histo-
logical preparations were available
from the OVC cases. The histological
specimens were fixed in formalin and
embedded in paraffin, and routine 4
and 6,im sections were stained with
hematoxylin and eosin. For cytology,
air-dried fine needle aspirations or

imprints were stained with the Ames
Hema-Tek (Wright's) staining instru-
ment. Very cellular samples were
processed twice so that nucleolar and
chromatin patterns could be seen
clearly. Wet-fixed cytological speci-
mens were sprayed with Pro-Fixx
(Lerner Laboratories, New Haven,
Connecticut) and stained by the
Papanicaloau method. The Osbaldis-
ton method (13) was used to demon-
strate alpha-naphthyl acetate esterase
activity on air-dried cytological
preparations. Cells which contained a
single "dot" reaction or multifocal
small dot reaction were considered to
be T lymphocytes. The mitotic rate
was estimated in histological speci-
mens by scanning four or five fields at
40x power and counting mitotic
figures. A low mitotic index was
defined as 0 to 2 mitoses per field,
medium as 3 to 5 per field, and high as
6 or more per field. Correlations of
mitotic rate with cell type were
evaluated statistically by the Chi-
square (x2) test. The nuclear size of
lymphocytes was estimated by com-
parison to the diameter of undistorted
red blood cells present in the specimen
under consideration. All high power
photomicrographs shown are en-
larged to the same magnification to
facilitate size comparisons between
specimen preparation methods and
cell types.

RESULTS

A. CRITERIA FOR CLASSIFICATION

The morphological criteria used for

Fig. 1. Section from human lymphoma
demonstrating pronounced circular areas of
neoplastic expansion characteristic of a
follicular lymphoma. All such tumors are of B-
cell origin. H & E. X32.

this study were derived from the NCI
Working Formulation in the course of
pilot studies on the classification of
canine lymphoma. The following
describes the criteria used for designa-
tion according to architecture, mitotic
rate and cell type. All figures except
Fig. 1 are from canine tumors. The
prevalence of each cell type and
observed mitotic rates are shown in
Table I, along with data from the
reference NCI series of human
lymphomas (1 1).

ARCHITECTURE

The basic pattern of nodal infiltra-

TABLE 1. Prevalence of Cell Types in a Survey of 285 Cases of Canine Lymphoma

Mitotic Rate Total Human (11)
Cell Type Low Medium High # %

Diff Small Lymphocytic
Foll Small Cleaved
Foil Mixed
Foll Large

Intermediate Diff Small Cleaved
Grade Diff Mixed

Diff Large
Immunoblastic
Lymphoblastic
Small Noncleaved
Total #

12
0
0

0
15
2
3
2
2

15

2
0

0
2
3
17

28
13
23

0
0
0

0

37

41
34
45

14) 4.9)
0 15 0.0 5.3
1 0.4)

17
6( 81
57)
71)
49
69)

0.4)
5.9
2.1 (28.4

20.0]
24.9)

189 17.2 66.3
24.2)

37 89 159 285

13.0 31.2 55.8

Low
Grade

High
Grade

Total %

3.6
22.5
7.7

3.8
6.9
6.7
19.7

7.9
4.2
5.0

1104

100 100
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Fig. 2. Section from canine lymphoma showing
follicular architecture similar to that of Fig. 1.
High endothelial venules, a feature of paracorti-
cal (thymus-dependent) areas, are only found in
interfollicular areas. H & E. X32.

Fig. 3. Air-dried imprint of canine lymphoma:-
DSL type consistent with CLL. Note the largely Fig. 4. Section from same tumor shown in Fig.
uniform chromatin pattern, inapparent 3: DSL, consistent with CLL. Note the uniform
nucleoli, small round nuclei and small amount and nonmalignant appearance of the cells.
of cytoplasm. Wright's. X695. H & E. X695.

tion is either follicular or diffuse. In
humans, follicular lymphomas are
relatively common (Fig. 1). In the
present series of cases, tumors which
truly reflected a follicular appearance
similar to that of human cases were
rare (Fig. 2). By far the majority of
canine lymphomas exhibit a diffuse
pattern of proliferation which in
completely affected nodes totally
effaces normal nodal architecture. In
less affected nodes the medulla may
have only some filling of the medullary
cords with normal sinuses evident;
large cell types may preferentially seed
to the cortex while small cell types may
fill the medullary cords, causing sinus
compression.

MITOTIC RATE

An actual count of mitotic figures is
necessary so that the mitotic index can
be accurately assessed. The presence
of numerous macrophages, causing a
"starry sky effect", has been used as an
indicator of high mitotic rate. This
may be misleading, for if there is
considerable necrosis evident, numer-
ous macrophages may be present
while the actual mitotic rate can be
low. In cytological specimens, mitotic
figures are characteristically fewer and
harder to detect, so that the finding of
two or three mitoses in a 40x field

would indicate a very high mitotic
rate.

CELL TYPE

Low grade
Diffuse Small Lymphocytic DSL

(Figs. 3-6) The architecture is
diffuse, the mitotic index is low and
mitoses may not be observed. The
nuclei are about the same size as a
canine erythrocyte (Fig. 4) and
uniformly round with an even
periphery. The chromatin pattern is

Fig. 5. Air-dried imprint from canine lym- *
phoma: DSL of plasmacytoid differentiation. Fig. 6. Section from canine lymphoma: DSL of
There is a resemblance to both benign plasma intermediate differentiation. The mitotic rate
cells and immunoblastic lymphoma (see Fig. was low. Note the increased nuclear detail,
15). Diagnosis by cytology is difficult; in this greater irregularity of the nuclear periphery and
case histological sections demonstrated a diffuse increased prominence of nucleoli compared to
homogeneous population of small cells with low Fig. 4. This cell type must also be distinguished
mitotic rate and plasmacytoid differentiation. from the DSC, LB and SNC types. H & E.
Wright's. X695. X695.
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like that of cortical thymocytes but
coarsely aggregated and with more
internal nuclear detail. Nucleoli are
absent or there may be one small,
usually central nucleolus. The cyto-
plasm is usually scant and poorly
staining, although in Wright's stained
cytological preparations, it may be
quite basophilic. The distinguishing
feature is that the cells resemble
normal, "well-differentiated" small
lymphocytes, and that it is only their
homogeneity, hypercellularity and
architectural pattern which allows the
diagnosis to be made. Recognition of
this cell type is especially difficult from
fine needle aspiration smears. In
humans the coexistence of small
lymphocytic lymphoma and chronic
lymphocytic leukemia is a common
finding, and a similar association was
found in the present series.
Two variants of DSL exist in

human lymphomas and these have
also been recognized in our series. The
term "DSL-plasmacytoid" (Fig. 5)
refers to cases where the nuclei are
similar to the above description but
eccentrically placed in cytoplasms
which are more abundant, predomi-
nantly amphophilic in staining and
have Golgi zones. Cells indistinguisha-
ble from plasma cells may be found. A
second variant is termed "DSL-
intermediate type" (Fig. 6). Not
described in the Working Formula-
tion, it is a recently recognized subtype
of intermediate differentiation fre-
quently included in the DSL category.
The nuclei of these cells may be up to
1.5 red blood cells in diameter, with
more irregularity of the nuclear
membrane, and typically a more
prominent central nucleolus. Mitoses
are evident but infrequent.

Follicular Small Cleaved - FSC-
There were no examples of this tumor
in the present series. Tumors of a
pseudofollicular architecture and the
appropriate cell type, small and
cleaved, were included with the diffuse
small cleaved cell type.

Follicular Mixed - FM The
architecture is follicular and the
mitotic rate is low. The cells in the
proliferation centres are similar to
those of diffuse mixed lymphomas
(q.v.; Figs. 9-11); that is, there is a

Fig. 7. Air-dried imprint from canine lym- N
phoma: DSC. Although the nuclei are Fig. 9. Air-dried imprint from a rectal mass
extensively and deeply cleft by linear invagina- diagnosed as canine lymphoma: DM. The small
tions, there is little evidence of this in air-dried cells have densely stained cleaved nuclei, while
preparations. They are small and very the large cells have a cribriform chromatin
hyperchromatic with a coarse retiform chro- pattern and variable numbers of nucleoli.
matin pattern. Wright's. X695. Wright's. X695.

definite coexistence of
nuclei and large nuclei.

small cleaved

Intermediate Grade
Follicular Large - FL - The
architecture is follicular and the
mitotic rate is high in the follicles. The

proliferating cells are similar to those
of diffuse large tumors (q.v.; Figs. 12-
14), and have a predominance of large
nuclei at least two red blood cells in
diameter with multiple nucleoli.

Diffuse Small Cleaved- DSC (Figs.
7 and 8) The architecture is diffuse

i.

S

Fig. 8. Section from canine lymphoma: DSC.
Note the dense and angular appearance of the
nuclei, which is due to deep linear clefts. H & E.
X695.

Fig. 10. Wet-fixed imprint from canine
lymphoma: DM. Note the contrast between the
small cleaved and large noncleaved nuclei. Paps.
X695.
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and the mitotic rate is low, or rarely
medium to high. The nuclei are the
same size as a red blood cell or smaller,
with deep linear indentations of the
nuclear membrane which give them an
irregular angular look on low power
histology. In cytological specimens,
the deep clefts are more evident in wet-
fixed than in air-dried preparations,
where the only clue may be shallow
indentations in the nuclear periphery
(Figs. 7 and 10). The nuclei are
typically dense and hyperchromatic,
with a coarse heterochromatin pattern
obscuring one or two small nucleoli.
The cytoplasm is usually scant.

Diffuse Mixed DM (Figs. 9-11)
The architecture is diffuse and the
mitotic rate is variable but usually low
or medium. There must be two
distinctly different cell populations:
small cleaved, and large noncleaved or
cleaved. If more than one-third of the
cells present in a representative field
are large, then the tumor is classified
diffuse large. The small cells are
similar to those of diffuse small
cleaved, i.e. small, densely stained and
angular in outline. The large nuclei
may be cleaved or noncleaved; in the
present series nearly all were non-
cleaved. Noncleaved nuclei are two or
more red blood cells in diameter,
round to oblong in shape, and may
have irregularities of nuclear outline
but do not have the deep linear and
folded indentations characteristic of
cleaved nuclei. Both noncleaved and
cleaved large nuclei have a vesicular,
open chromatin pattern and multiple,
prominent nucleoli which are usually
peripheral in the nucleus. The cyto-
plasm of the large cells is usually
abundant but faintly stained with
somewhat indistinct borders in histo-
logical specimens.

Diffuse Large - DL (Figs. 12-14)-
The architecture is diffuse and the
mitotic rate is variable but usually
high. The nuclei are almost invariably
noncleaved, and easily recognizable as
large; they are usually two or more red
blood cells in diameter, very open and
vesicular, with multiple prominent,
usually peripheral nucleoli impinging
on the nuclear membrane that are
especially apparent in wet-fixed
Papanicolaou cytology preparations.
The nucleoli can be as large as red

Fig. 11. Section from canine lymphoma: DM.
This specimen demonstrates the coexistence of
two distinct sizes of nuclei. Deep cleavage planes
can be seen in the small nuclei. H & E. X695.

blood cells and frequently five or six in
number. The cytoplasm varies from
scant to abundant, but if most cells
have single prominent central nucleoli
and are plasmacytic in appearance the
tumor is an immunoblastic lym-
phoma.

Fig. 12. Air-dried imprint from canine lym-
phoma: DL noncleaved. Note the large size of
nuclei, multiple prominent nucleoli and
abundant cytoplasm. Such tumors may be
noncleaved or cleaved, but the latter are rare.
Wright's. X695.

* - X .

Fig. 13. Wet-fixed imprint of same tumor
shown in Fig. 12: DL noncleaved. Nucleoli
which may be difficult to detect in Wright's
stained material are immediately obvious in
wet-fixed Paps preparations. This specimen
demonstrates a wide range in nuclear size,
common in DL tumors. Paps. X695.

High Grade

Immunoblastic - IB (Figs. 15-18)
The architecture is diffuse and the
mitotic rate is usually high. In human
lymphomas, this cell type has the
largest nuclei of all lymphomas. In the

Fig. 14. Section from canine lymphoma: DL
noncleaved. Most nuclei should have multiple
peripheral nucleoli. In some cases numerous
cells have single nucleoli and are more
consistent with the IB cell type; classification is
then primarily based upon other characteristics
such as cytoplasmic differentiation. H & E.
X695.
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Fig. 15. Air-dried imprint from canine lym-
phoma: IB with plasmacytoid differentiation.
Prominent large single central nucleoli in cells
with plasmacytoid cytoplasm and a high mitotic
rate are reliable criteria. The nuclear diameter is
less than that of comparable human tumors.
Wright's. X695.

A Fig. 19. Air-dried imprint from canine lym-
phoma: convoluted LB. Note the absence of

Fig. 17. Section from canine lymphoma: IB. nucleoli in nuclei which have fine to coarse
The size of the nuclei is similar to that of cribriform chromatin and very irregular and
comparable human lymphomas, but uncom- indented nuclear peripheries. Cytoplasm is
monly large for canine IB. H & E. X695. almost undetectable. Wright's. X695.

present series a minority of cases fit the
classic criteria of very large, vesicular
nuclei with prominent usually single
central large nucleoli and plasmacy-
toid or clear cell type cytoplasm (Fig.
17). However, numerous cases fit the
nuclear criteria except for size (Fig.
18); that is, the nuclei are about 1.5 to 2
red blood cells in diameter, the nuclear

Fig. 16. Wet-fixed imprint from canine

lymphoma: IB. Note that although nuclei with
single and multiple nucleoli are both present, the
latter are much less common. Paps. X695.

membrane is generally round to
oblong, the chromatin pattern open
and vesicular, numerous nuclei have
prominent large central nucleoli, and
there is a high mitotic rate. The
cytoplasm is variable but frequently
amphophilic or basophilic, and
prominent Golgi zones may be
especially evident in air-dried Wright's

Fig. 18. Section from canine lymphoma: IB. An
example of the more common size range for
canine IB lymphomas. H & E. X695.

stained preparations. These tumors fit
best in the immunoblastic category.
Although plasmacytic type differenti-
ation was common in this category in
general, no clear cell type immunob-
lastic lymphomas were found. In the
rare case where a gammopathy is
present, then the tumor is termed a
secretory immunoblastic lymphoma.

Fig. 20. Wet-fixed imprint from canine
lymphoma: convoluted LB. Densely stained
areas in the nuclei are heterochromatin
aggregations, not nucleoli. The extremely
irregular outlines of the nuclei are very evident
in wet-fixed preparations. Paps. X695.
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Lymphoblastic Lymphoma - LB
(Figs. 19-22) - The architecture is
diffuse, and the mitotic rate is usually
very high (up to 35 per field). The
mitotic nuclei are frequently faintly
stained in both histological and
cytological specimens and must be
looked for carefully. The nuclei are
about 1.5 red blood cells in diameter,
round, oval, or irregular in shape, and
distinguished by a uniform chromatin
pattern which obscures any nucleoli.
The nuclei are frequently dusky grey in
hematoxylin and eosin histological
preparations, while in air-dried
Wright's specimens, the chromatin
pattern is hyperchromatic and fine
cribriform to coarse cribriform in
pattern. Nucleoli are either not present
or multiple, small and not prominent.
The nuclear shape can be either
nonconvoluted or convoluted, with
the former more common (about
60%). Convoluted lymphoblastic
tumors have prominent infolding and
irregularities of the nuclear mem-
brane, generally visible only at high
magnification. Convoluted lymphob-
lastic lymphomas are distinguished
from diffuse small cleaved tumors by
their larger nuclear size, lighter and
more homogeneous staining pattern,
inobvious nucleoli, irregularities of
nuclear membrane as opposed to deep
linear clefts, and generally much
higher mitotic rate. Cytoplasm in the
lymphoblastic cell types is scant and
lightly stained and does not form a
complete ring around the nuclei in
cytology preparations (Figs. 19 and
20).

In humans, the lymphoblastic cell
type has been associated with T-cell
phenotype, the presence of a mediasti-
nal mass and hypercalcemia. In our
experience, dogs with lymphoblastic
lymphomas often have mediastinal
masses, and when the appropriate
material was available, frequently
stained positively with alpha-naphthyl
acetate esterase in either a single or
multifocal dot pattern (Fig. 22). Out of
14 cases of lymphoblastic lymphoma
with a known chemical profile, 12 or
86% were hypercalcemic. However,
hypercalcemia and T-cell positivity by
ANAE staining are not always
coexistent and are not restricted to
lymphoblastic lymphomas; occasion-
ally both have been found independ-
ently and together in diffuse small

Fig. 21. Section from same specimen as Fig. 20:
convoluted LB. The nuclei have no nucleoli and
the margins are so irregular that they are
indistinct. Nonconvoluted LB lymphomas have
a similar homogenous chromatin staining
pattern in cells of uniform round to oval shape.
H & E. X695.

cleaved, diffuse large and small
noncleaved canine lymphomas.

Small Noncleaved - SNC (Figs. 23-
26) - The architecture is diffuse and
the mitotic rate is usually high. The
Working Formulation describes two

Fig. 22. Air-dried imprint from same specimen
as Figs. 20 and 21: convoluted LB. When stained
for alpha-naphthyl acetate esterase activity,
many LB lymphomas are positive in either a
focal, multifocal or mixed (as in this case)
pattern, indicating their T-cell nature. ANAE
and methyl green, X695.

Fig. 23. Air-dried imprint from canine lym-
phoma: SNC of non-Burkitt's type. These nuclei
are at the upper limit of diameter for this cell
type. Multiple nucleoli are present in each
nucleus but are difficult to discern. Note the
complete rings of cytoplasm. Wright's. X695.

cell types: Burkitt's type and non-
Burkitt's type. In the non-Burkitt's
type of SNC lymphoma, the nuclei are
larger than those of benign small
lymphocytes but not the obviously
large nuclei of diffuse large tumor
type. They average about I to 1.5 red

Fig. 24. Wet-fixed imprint from same specimen
as Fig. 23: SNC of non-Burkitt's type. The
multiple nucleoli and noncleaved nature of the
nuclei are obvious. Paps. X695.
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Fig. 25. Section from canine lymphoma: SNC
of non-Burkitt's type. Note that although small,
the nuclei are very transformed with multiple
small and large nucleoli in a vesicular chromatin
pattern. H & E. X695.

blood cells in diameter. The nuclei are
uniformly round to ovoid, and the
membrane is focally thickened, or
sometimes slightly irregular but
definitely not cleaved. The hetero-

Fig. 26. Section from canine lymphoma: SNC
of Burkitt's type appearance. The multiple small
nucleoli in a homogeneous population of round
small nuclei are very similar to Burkitt's type
lymphoma. However, the morphology is not
exactly comparable in this case because the
cytoplasms are not facetted with squared off
corners due to crowding. H & E. X695.

chromatin is coarse, peripheralized
and hyperchromatic, the euchromatin
is clear and there are usually single or
multiple prominent nucleoli. We have
included in this cell type cases where
the nuclei are small with a single large
central nucleolus somewhat obscured
by chromatin. These cells could be
immunoblastic but are small and do fit
the criteria described by the Working
Formulation for small noncleaved
type. The cytoplasm is more com-
monly pale and small but occasionally
amphophilic and abundant; it always
forms at least a complete ring around
the nucleus.
Two cases with the appearance of a

Burkitt's type lymphoma have been
seen (Fig. 26). The nuclei are monoto-
nously similar and round with vesicu-
lar nuclei and multiple small nucleoli.
The cells have distinct boundaries and
typically are squared off due to
separations of cell membranes. These
tumors are identified by their extreme
homogeneity of appearance.

B. PREVALENCE OF CELL TYPES

The results of classification of a
random survey of 285 cases are
summarized in Table I, where cell type
is compared with mitotic rate.
The common cell types for dogs are

immunoblastic (24.9%), small non-
cleaved (24.2%), diffuse large (20%)
and lymphoblastic (17.2%). Less
common are the diffuse small cleaved
(5.9%), diffuse small lymphocytic
(4.9%) and diffuse mixed (2. 1 %) types.
Follicular mixed and follicular large
tumors were rare (0.4% each), and no
follicular small cleaved lymphomas
were found. The relative proportions
of low, intermediate and high grade
tumors are 5.3%, 28.4% and 66.3%
respectively. If the diffuse large
tumors are included, the four most
aggressive cell types in human lym-
phomas comprise fully 86% of canine
lymphomas.

Mitotic rate and cell type are
correlated (P < 0.005). For example,
most diffuse small lymphocytic lym-
phomas had low or absent mitotic
indices; the two tumors which had
slightly higher rates of mitoses were
both of the intermediate type of
differentiation, which allows more
heterogeneity and transformation of
nuclear appearance. No low grade
tumors have a high mitotic rate. In the

intermediate category, most diffuse
small cleaved tumors have a low
mitotic rate (15 of 17 or 85%), whereas
most of the diffuse large tumors have a
medium or high index (54 of 57 or
95%). In the high grade tumors, 64%
(121 of 189) had a high mitotic rate,
and less than 3% (3 of 189) had a low
mitotic rate. Thus it would appear that
estimation of mitotic rate alone is a
good approximation of tumor grade.
A medium or high mitotic index is
much more frequently found in the
four most aggressive cell types,and the
opposite is also true; aggressive cell
types rarely have a low mitotic rate.

DISCUSSION

The first purpose of this work was to
determine if the Working Formula-
tion could be applied to canine
lymphomas. In general, few adapta-
tions of descriptions were required
and most tumors fitted easily into a
described category.

There were, however, exceptions.
The major one is that tumors which we
have called immunoblastic lympho-
mas frequently consist of cells with
nuclei which are decidedly smaller
than those of human immunoblastic
lymphomas. This has been observed
previously (8), and could be consi-
dered a significant problem given the
number of "immunoblastic" lympho-
mas which are found. These cells could
be termed "partially transformed" or
given some other similar term and a
new category created, but this would
defeat the purpose of using an
established classification. Instead, we
emphasize the similarities these
tumors have with the classic immu-
noblastic cell type (architecture,
mitotic rate, nuclear and nucleolar
appearance, and frequently cytoplas-
mic differentiation), and suggest that
the sole difference of smaller nuclear
diameter is less important. We thus
classify immunoblastic lymphomas
primarily by nuclear morphology, and
subtype them as plasmacytoid (com-
mon) or clear cell type (rare) if such
differentiation is present. In the clear
cell type the nuclei appear widely
separated by abundant pale staining
cytoplasm, and in the past have often
been found in classic "multiple
myeloma" cases.
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Canine lymphoblastic lymphomas
appear to be a little more variable in
morphology than their human coun-
terparts. Occasionally dogs with
mediastinal masses and hypercalcemia
will have tumors with a largely
cribriform chromatin pattern and
finely dispersed heterochromatin, but
also have one or two small nucleoli
which are more prominent than would
be expected. Given that these tumors
are often also ANAE-positive (unpub-
lished data) and therefore likely T-cell
types, they fit best as lymphoblastic
lymphomas. Our finding that hyper-
calcemia frequently coexists with
lymphoblastic lymphomna (12 out of
14 cases with known serum biochemi-
cal values) is contrary to earlier
findings for canine lymphoma (6,14),
but consistent with human tumors.
A third adaptation is required for

small noncleaved lymphomas. Only
two tumors out of 285 total (69 small
noncleaved) had a nuclear homoge-
neity similar to the classic Burkitt's
type morphology. The other 67 small
noncleaved cases were therefore of
non-Burkitt's type. Included in this
category were a diverse group of small
cells which did not fit well into other
categories and which appeared aggres-
sive. There were two major cell types,
both of which were common. One cell
type has a vesicular nucleus with
peripheralized chromatin pattern and
multiple prominent small nucleoli in a
small irregular or rounded nucleus.
The other has a single nucleolus
somewhat obscured by a fine chro-
matin pattern in a small round
nucleus; these nuclei are not "immu-
noblastic" because they are quite small
(1 to 1.5 red blood cell in diameter)
and the nucleolus, while present, is not
prominent.
To be classified as a follicular

lymphoma, the node had to have more
or less evident circular neoplastic
centers of expansion distributed
throughout most of the node which
did not contain numerous high
endothelial venules and which were
primarily demarcated by a cuff of
lymphocytes rather than sclerotic
bands of tissue. The few canine tumors
which have a follicular appearance are
usually "pseudofollicular" paracorti-
cal expansions of cells which contain
numerous high endothelial venules
and have compressed any residual

benign follicles between them. True
follicular tumors are considered to be
B-cell, germinal center-derived lym-
phomas. The pseudofollicular tumors
are frequently more consistent with a
T-cell origin. Difficulties of interpreta-
tion of nodularity have been described
previously for canine lymphomas
(2,15,16).

Specimen preparation is an impor-
tant factor. Accurate classification
requires histological specimens from
nodal excisions that have minimal
autolysis, are well-fixed and have been
taken before any attempted treatment.
Tru-cut biopsies of nodes may be
sufficient, but are much harder to
interpret due to crush artifact,

variation in angle of penetration into
the node, and failure to demonstrate
the architecture of the node due to
small sample size. While histological
specimens are the definitive samples,
cytology can provide a rapid indica-
tion of cell type. Since almost all
canine lymphomas are diffuse tumors,
architecture is rarely a consideration.
Several types may be difficult to
distinguish on air-dried preparations,
such as diffuse large, immunoblastic,
small noncleaved and lymphoblastic;
in these cases, wet-fixed preparations
are very helpful because of their
excellent nucleolar detail.
The process of classification and

allocation into various tumor types is

TABLE 11. A Basic Algorithm for Canine Lymphoma Classification

Malignant Lymphoproliferation

architecture

follicular

nuclear size

/I\
small mixed large

Follicular Follicular Folliculai
Small Mixed Large

nuclei

noncleaved cleaved

Diffuse Small Diffuse
Lymphocytic Small

Cleaved

diffuse

nuclear size

small mixed large

Diffuse
r Mixed

mitotic rate nucleoli

low med/ high multiple single

peripheral central

Diffuse Immunoblastic
Large

nucleoli

not obvious prominent

Lymphoblastic Small Noncleaved

nonconv/ conv
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very dependent upon training and
experience. We are without the long
history of classification and clinical
correlation available to human
pathologists. Few recent detailed
studies of the morphology of canine
lymphomas exist (2,5,8,15,16). In
general, our results appear to be
similar to those previously reported,
but it is evident that there may be
marked differences of interpretation.
For example, we found that follicular
tumors are rare (2 out of 284); similar
distributions have been reported by
Squire et al (2) in 1973 (1 out of 100),
and Appelbaum et al (8) in 1984 (1 out
of 40), while Holmberg et al (15)
reported 9 out of 23, and Valli et al(16)
reported 6 out of 72. Even greater
differences can be shown for cell types.
Our distribution is markedly different
from that of Appelbaum et al (8) even
though these workers also used the
Working Formulation. However,
geographic variation in morphology
has been reported for human non-
Hodgkin's lymphomas (11,17), and it
is possible that a similar variation in
canine lymphomas could account for
these differences. Our own reproduci-
bility upon second viewing is good
although not perfect, and when our
interpretations are compared to those
of experts in human lymphoma
classification there is general agree-
ment. Any difficulties are usually due
to too literal an interpretation of the
descriptions of the Working Formula-
tion. A basic alogrithm of classifica-
tion is provided (Table II).
The mitotic index is a useful

estimate of implied tumor grade. We
found a strong correlation between
mitotic index and cell type, in that low
grade tumors usually have a low
mitotic index, and high grade tumors
usually have a medium or high mitotic
index. This finding could be predicted
from the criteria of the Working
Formulation, but we emphasize that
mitotic rate is less important than
morphology in classification.

In summary, the available classifi-
cation criteria identified by the
Working Formulation adequately fit
the diversity of cell types exhibited by
canine lymphomas. Few tumors are
genuinely unclassifiable. The distribu-
tion of cell types, when compared to
those of humans (Table I), demon-
strates that canine lymphomas have a

much different relative frequency of
tumor types. Follicular tumors are
much less common, and high grade,
aggressive tumors are much more
common in general than in humans. In
particular, the follicular small cleaved,
immunoblastic, lymphoblastic and
small noncleaved cell types exhibit
notably different frequencies. The
Working Formulation is easily app-
lied, reproducible, translatable to
other schemes and clinically relevant
(11,18,19,20,21,22,23,24). When app-
lied to canine lymphomas, the first
three benefits at least are evident.

In humans, histological classifica-
tion of tumor type by the Working
Formulation is the best single prog-
nosticator available to the clinician
(11,22,23). The Working Formulation
predicts overall survival; the designa-
tion of low, intermediate or high grade
is based upon the increasingly poor
rates of five year survival determined
for each cell type. It does not predict
the attainment of complete remission,
remission time, appearance or severity
of organ involvement or other factors.
However, in some cases classification
according to the Working Formula-
tion can predict response to therapy
protocol. For example, patients with
low grade tumors have the best
prognosis in terms of survival in spite
of being essentially untreatable by
current protocols; no difference in
survival time was observed whether
such patients were treated or not in
one series (21). Low grade tumors may
exhibit spontaneous regressions, and
their mitotic rate is so low that they are
unaffected by chemotherapy
(11,19,21,24). Such tumors have been
considered benign proliferations
subject only to immunoregulatory
influences (25). People with low grade
tumors die because of an inevitable
slow accumulation of nonfunctional
lymphoid mass. In comparison, higher
grade tumors respond well to aggres-
sive chemotherapeutic regimens (e.g.
12,24), and paradoxically, cures are
possible (19). In the majority of cases,
however, the aggressive nature of the
tumor results in shorter survival
despite attainment of remissions.
People with high grade tumors die
because of rapid proliferation of
autonomous neoplastic cells which
eventually overcome an initial suscep-
tibility to therapy. Long term survival

in high grade tumors only occurs with
aggressive initial therapy.
Whether application of the Work-

ing Formulation to canine tumors has
clinical relevance, i.e. prognostic
capability, remains to be shown. Our
own initial findings show promising
examples where low grade tumor
types had poor responses to therapy
but long term survival, whereas high
grade tumor types had complete but
short remissions. We have not,
however, achieved any of the pre-
dicted cures of high grade tumor types.
There are other indications that
histological classification can explain
some clinical observations peculiar to
canine lymphomas. The large portion
of high grade tumor types with high
mitotic rates might explain the rapid
clinical progression of canine lympho-
mas compared to humans. In most
studies of treated cases, a variable but
low proportion of cases (5 to 20%),
have significantly longer survival than
the mean (1,2,7,9). These cases may
correspond to the low proportion of
cases which are not high grade tumors.
When combining chemotherapy and
immunotherapy, Weller et al (4,5)
only included those cases which had a
complete response to initial chemo-
therapy initially attempted; none of 56
cases were indicated to have a diffuse
small lymphocytic morphology, and
only two were apparently of interme-
diate or low grade cell type. By
requiring an initial complete response
to chemotherapy for inclusion in their
project, Weller et al (4) may have
actually screened out any dogs with
the best natural prognosis. Further-
more, when Calvert and Leifer (7)
studied dogs which were resistant to
cyclophosphamide, vincristine,
methotrexate and prednisone
(COMP) and then treated with
doxorubicin, three cases were classi-
fied as types consistent with diffuse
small lymphocytic; all three were
nonresponders to either COMP or
doxorubicin and their survival times
were relatively long (210, 240 and 330
days). The longest surviving dog (390
days) had a described cell type
consistent with an intermediate grade
tumor and only achieved a partial
clinical response.

Conclusive proof that the Working
Formulation has prognostic capabil-
ity in canine lymphomas will be
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difficult to obtain. In humans, the
Formulation only predicts survival,
which in dogs is usually an elective
endpoint that is variably determined
by owners. Only a large series of cases
with relatively uniform treatment and
consistent client consultations will
demonstrate whether or not this
procedure can be justified.

It may well be that application of
the Working Formulation or other
similar histological criteria will predict
clinical behavior and identify those
canine tumor types where current
treatment protocols are beneficial.
Any correlation of a particular cell
type or types with clinical behaviour
would be desirable, whether or not it
occurs as predicted by extrapolation
from human lymphocytes. Eventually,
histological classification may aid in
the design of protocols specifically
adapted to cell type to enhance
survival. Histological classification is,
at the very least, an important first
step in the development of any
phenotypic system designed to gener-
ate prognostic capability in canine
lymphomas.
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