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Abstract
Malignant lymphomas are one of the most common malignant tumours occurring in dogs. The
basic method of lymphoma diagnosis in human, as well as in canine oncology is histopathology
supported by immunohistochemistry. It was suggested that in veterinary medicine excisional biopsy of
lymph node and histopathology should be considered only where the cytologic diagnosis is equivocal
or needs to be confirmed. There are at least three basic reasons for which cytological examination
ought to be accepted as a sufficient and reliable diagnostic method for lymphoma in dogs. Firstly,
most dog owners consider the fine-needle biopsy as an acceptable non-harmful method of sample
collection. Secondly, an increasing number of studies recommend cytology as an accurate test for
diagnosing and subtyping canine lymphoma. Finally, the vast majority of canine lymphoma subtypes
belong to 4-5 categories characterized by a typical cytological picture. Immunocytochemical staining
of cytological smears gives new diagnostic possibilities, such as detection of markers better characterizing given growth or a potential goal for target therapy in individual cases (for example inhibitors of
platelet-derived growth factor).
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Introduction
Malignant lymphomas are one of the most common malignancies in dogs, it has been estimated that
from 13 to 33 per 100 000 dogs may become affected
each year (Edwards et al. 2003, Pastor et al. 2009,
Sapierzyński et al. 2010, Regan et al. 2012). Boxers,
Scottish terriers, Airedale terriers, Basset hounds,
German shepherds, Bulldogs and Bernese Mountain

dogs are most commonly affected. Some breeds
appear to be predisposed to lymphomas of a certain
immunophenotype, i.e. boxers and dog de Bordeaux
to T-cell lymphoma, whereas German shepherds and
Rottweilers are predisposed to B-cell lymphoma
(Fournel-Fleury et al. 2002, Jagielski et al. 2002,
Lurie et al. 2008, Pastor et al. 2009, Jankowska et al.
2015).
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Classification of canine lymphomas

In recent decades many lymphoma classification
systems have been used in dogs, including classifications based on the organ affected (multicentric, alimentary, mediastinal etc.), histological grade
(low-grade, intermediate-grade, high-grade), cell immunophenotype (B-cell lymphomas, T-cell lymphomas, and non-B cell non-T-cell lymphomas) as
well as cellular morphology, and tissue architecture
(Kiel classification, WHO classification and others).
Nowadays, it is clear that the above-mentioned classification systems are no longer sufficient in veterinary
oncology (Comazzi et al. 2014). The previously widely
accepted statement that better prognosis was associated with B-cell rather than T-cell lymphomas, has
been recently refuted (Flood-Knapik et al. 2012, Valli
et al. 2013). Nonetheless, identifying lymphoma cell
immunophenotype and tumor cytological classification o still remain important elements of the definitive
diagnosis. As in human medicine the canine lymphoma is not one disease but a heterogeneous group
of many conditions with different clinical presentations, requiring various therapeutic methods and
characterized by different prognoses (Valli et al. 2006,
Pastor et al. 2009, Ponce et al. 2010, Rebhun et al.
2010, Poggi et al. 2013, Valli et al. 2013, Jankowska et
al. 2015). For example, the WHO classification lists
more than 30 subtypes of canine lymphoma, with
a few specific subtypes which occur only in dogs. Unfortunately, the recognition of specific disease entities
based on a combination of morphologic and behavioral characteristics is not yet established in veterinary
oncology (Comazzi et al. 2014).
The basic classification system of hematopoietic
tumors in humans as well as in dogs is the WHO lymphoma classification, which defines histoclinical disease entities based on clinical appearance, tumor morphology and immunophenotype, and genetic alterations. However, it is important to underline that lymphoma subtyping according to the WHO classification
requires histopathological examination of tissue
samples (preferably the entire lymph node), immunophenotyping, and often also cytogenetics and
molecular biology. In general, the WHO lymphoma
classification divides lymphomas according to maturity of neoplastic cells into: precursor lymphoid lymphomas (which usually originate from primary lymphoid tissue – bone marrow or thymus) and peripheral or mature cell lymphomas (originating from secondary lymphoid tissues). The great advantage of the
WHO lymphoma classification is that it allows the
biologic behavior of neoplastic cells to be predicted,
and thus the response to therapy and prognosis in
treated animals (Aresu et al. 2013, Flood-Knapik et

al. 2013, Valli et al. 2013). The vast majority of lymphoma subtypes are common for humans and dogs
and their biological behavior is also virtually identical
(Valli et al. 2010).
Unfortunately, application of the WHO lymphoma classification in canine oncology is troublesome in some cases. As it requires the assessment of
lymph node architecture (diffuse lymphoma vs. follicular lymphoma) the sample can only be collected
through surgery in general anesthesia and this procedure may be unacceptable in some patients in a severe condition. As a consequence, only 10% of canine
lymphoma cases enrolled in our own studies were recognized in histopathology and the remaining 90%
were diagnosed cytologically (Sapierzyński 2010, Sapierzyński et al. 2012). Moreover, in the USA in routine
veterinary practice, the definitive diagnosis of lymphoma is based on the results of histopathology only
in 28% of cases. The vast majority of veterinary oncologists (88% of responders) tend to introduce anticancer chemotherapy on the basis of the cytological
examination and immunophenotyping, and they consider this practice recommendable (Regan et al.
2012).
Furthermore, some data necessary for full characterisation (epidemiological, molecular, genetic and
clinical) of specific lymphoma subtypes in the WHO
classification have not been sufficiently included in
routine examination of canine lymphomas (Foulner-Fleury et al. 2002, Ponce et al. 2010, Comazzi et
al. 2014). Moreover, this system of classification needs
some improvement because some subtypes of T cell
lymphomas with different biological behavior (including indolent, low grade and high grade subtypes) are
grouped together as mature T- and NK-cell neoplasms (Aresu et al. 2013). Finally, there are some
subtypes of canine lymphomas, e.g. T zone lymphomas, plasmacytoid high-grade lymphomas not included in the WHO classification. It is also worth emphasizing, that despite the high diagnostic accuracy of
histopathology false diagnoses can still be made unless immunohistochemistry is applied, especially in
low grade lymphomas (Flood-Knapik et al. 2012).
Such mistakes have also been observed in human
non-Hodgkin lymphomas, most commonly in T zone
lymphomas, which are quite common in canine patients (Uherowa et al. 2002, Jankowska et al. 2015).
To minimalize the disadvantages mentioned
above there are attempts to classify canine lymphoma
according to the WHO classification on the basis of
cytological examination of samples collected by
fine-needle biopsy. Although in some subtypes it is
quite simple (clear cell lymphoma can be treated as
T zone lymphoma, macronucleolated medium-sized
cell lymphoma as marginal zone lymphoma, centrob-
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lastic pleomorphic lymphoma as diffuse large B cell
lymphoma), it seems that such a method of classification is not reasonable because of lack of knowledge
about histological architecture.
The updated Kiel classification (uKc) adopted for
dogs is the second classification system commonly
used for canine lymphoma subtyping (Fournel-Fleury
et al. 1997a, Fournel-Fleury et al. 2002, Sozmen et al.
2005, Ponce et al. 2010, Jankowska et al. 2015, Fernandes et al. 2015). This system is based on neoplastic
cell morphology and immunophenotype, with regard
to similarity to normal lymphocytes in various stages
of maturity. Both of these criteria can be established
in microscopic examination of cellular samples. The
microscopic criteria of classification include cell and
nucleus size, volume, distribution and basophilia of
the cytoplasm, nucleus shape, chromatin structure,
presence and distribution of nucleoli, and mitotic activity. The prognostic usefulness of the updated Kiel
classification was shown in a group of dogs with various subtypes of canine lymphomas (Ponce et al. 2004).
Some authors have tried to adapt the canine lymphoma subtype determined on the basis of the uKc to
the canine lymphoma subtype according to the WHO
classification (Ponce et al. 2010).
The significant advantage of the updated Kiel
classification is the strong relationship between the
morphology of neoplastic cells and their immunophenotype, which allows diagnosis of lymphoma
subtype to be established with 90% accuracy (Ponce
et al. 2010, Sapierzyński et al. 2012). The only exceptions are lymphoblastic lymphomas, characterized by
the same morphology regardless of the immunophenotype – in these cases immunocytochemistry is essential for definitive tumor identification
(Foulner-Fleury et al. 2002, Sapierzyński et al. 2012).

Application of cytology in canine lymphomas
The basic diagnostic method for lymphoma diagnosis in human and canine oncology is histopathology
together with immunohistochemistry (Uherowa et al.
2002, Flood-Knapik et al. 2013). However, it has been
suggested that in veterinary medicine excisional biopsy of the lymph node and histopathology should
only be considered when cytological examination gives
an inconclusive result (Messick 2008, Comazzi et al.
2014). Cytology is a cheap, easy to perform, safe and
reliable method of lymphoma diagnosis with high accuracy compared to histopathological examination
(Amores-Fuster et al. 2015). In human oncology,
cytological examination allows non-Hodgkin lymphoma to be recognized in 80-95% of cases; additionally, subtyping is possible in 67-86% of lymphomas
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(Das 1999, Alam et al. 2010). In canine oncology it is
especially valuable for diagnosing the most common
subtypes of lymphomas (Fournel-Fleury et al. 1997a,
Fournel-Fleury et al. 2002, Sapierzyński et al. 2010,
Comazzi et al. 2014). Recently, many authors have
recommended using cytology as a sufficient diagnostic
method for canine lymphomas, especially if supported
by immunocytochemistry and/or flow cytometry
(Messic 2008, Regan et al. 2012, Avery et al. 2014,
Martini et al. 2013, Comazzi et al. 2014, Curran and
Thamm 2015, Fernandes et al. 2015, Jankowska et al.
2015, Martini et al. 2015). The great advantage of this
method is the possibility of performing immunocytochemical staining. The technical aspects of
this diagnostic procedure and possible application of
the immunocytochemistry (ICC) were described previously (Sapierzyński and Przeździecki 2012). The
antibodies most commonly used in ICC procedures in
dogs with lymphoma suspicion include: anti-cluster
differentiation (CD) antigens (especially CD3, CD4,
CD8, CD21 and CD79α), and anti-Ki67 antigen.
Nowadays, these antibodies are used in correct
cytological classification of lymphomas in dogs, and
other antibodies could be applied in the future for
better characterization of individual cases (e.g.
anti-survivin antibodies, anti-P-glicoprotein antibodies or anti-PDGF antibodies).
In dogs with lymphoma cytological examination
may be performed for the following indications:
– to establish the final diagnosis, including specific subtype,
– to choose the most representative lymph node
for the excisional biopsy and histopathological examination,
– to establish clinical extent of the disease (staging),
– to monitor disease course, especially the response to therapy and posttreatment recurrence,
– and prospectively to detect potential targets for
individual targeted therapy.
There are at least three basic reasons for which
cytological examination ought to be accepted as a sufficient and reliable diagnostic method for lymphoma
in dogs. Firstly, most dog owners consider the
fine-needle biopsy as an acceptable non-harmful
method of sample collection. Secondly, an increasing
number of studies recommend cytology as an accurate
test for diagnosing and subtyping canine lymphoma.
Finally, the vast majority of canine lymphoma subtypes belong to 4-5 categories characterized by a typical cytological picture; if necessary additional immunocytochemistry with anti-CD3 and anti-CD79α
antibodies allows to any doubts to be dispelled. This
especially applies to the high grade diffuse B cell lymphomas (centroblastic type), T zone/clear cell lym-
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phoma, marginal zone lymphoma/medium-sized macronucleolated lymphoma, high grade peripheral T cell
lymphomas, and lymphoblastic lymphomas (Sapierzyński et al. 2010, Regan et al. 2012, Comazzi et al.
2014).
General cytological criteria. Cytological diagnosis of lymphoma is based on the percentage of cells
considered to be neoplastic in the collected smears
(usually young immature blastic cells arrested at a certain stage of differentiation). The morphological classification criteria used for diagnosing and subtyping
lymphomas are based on the cell size („medium”,
„small” or „large”, i.e., nucleus equal to, smaller than,
or larger than the diameter of two red blood cells),
the shape of the nucleus, the density and structure of
the chromatin, the number, size and distribution of
the nucleoli, the extension and basophilia of the
cytoplasm, and the mitotic index. These criteria are
thoroughly
described
by
many
authors
(Fournel-Fleury et al. 1994, Fournel-Fleury et al.
1997a, Fournel-Fleury et al. 2002, Ponce et al. 2010),
and their detailed analysis is beyond the scope of this
review. Generally speaking, more than 50% of blastic
cells on smears strongly suggest lymphoma; however,
usually the neoplastic population comprises more
than 70-80% of the cells (Fournel-Fleury et al. 1994,
Messick 2008, Sapierzyński et al. 2010, Poggi et al.
2013). Depending on the proportion of small cells in
the total population of neoplastic cells lymphomas are
classified as large-cell (<50% of small cells),
mixed-cell (50-70% of small cells) or small-cell (>70%
of small cells) lymphomas (Fournel-Fleury et al. 1994,
Sapierzyński et al. 2010). In the study of Ponce et al.
(2010) subtyping was determined by the size of cells
(majority of small-sized cells or majority of mediumand large-sized cells) and by mitotic index (MI). Cases
showing a majority of small-sized cells and a low or
medium MI were classified as low-grade lymphomas,
whereas those showing a majority of medium- and
large-sized cells and a moderate to high MI were classified as high-grade lymphomas.
The cellular population collected from lymphoma-affected tissues can be monomorphic (cells
with similar morphology) or pleomorphic (cells with
various morphology), with the mitotic activity ranging
from low to high. In the majority of cases, neoplastic
lymphocytes are indistinguishable from normal lymphocytes in various stages of maturation, thus application of cytological criteria of cellular atypia is pointless in canine lymphoma (Messic 2008). Such features
of marked cellular atypia are observed uncommonly
in canine lymphomas, and are obvious only in anaplastic lymphomas. The presence of binucleated or multinucleated neoplastic cells and irregular nucleus shape
appear to be the most apparent microscopic hallmarks
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of malignancy in canine lymphomas, and have been
linked to shorter remission and survival time
(Munashinge et al. 2015). On the other hand, an increased number of nucleoli proved to be a positive
prognostic factor, associated with longer total survival
time (Munashinge et al. 2015).
It may be challenging to distinguish between
low-grade lymphomas and some non-neoplastic
growths of lymphoid tissue (Foulner- Fleury et al.
1994). Absolute domination of small mature lymphocytes is typical for low-grade tumors as well as for
normal non-stimulated lymphoid tissue. However,
normal lymphoid tissue should not be subjected to
cytological examination, since it is not associated with
lymphadenomegaly. Additionally, some cases of
low-grade lymphomas can be difficult to distinguish
from lymphoid hyperplasia; however, in the latter
form medium-sized and large blastic cells as well as
plasma cells are usually observed, and quite numerous
mitotic figures can be seen. Some problems can be
encountered in differentiating between clear cell/T
zone lymphoma and T-cell hyperplasia. However,
some authors suggest that the presence of numerous
interdigitating cells and some number of larger blastic
cells in association with some clinical information (e.g.
chronic dermatitis) may favour diagnosis of T-cell hyperplasia (Foulner- Fleury et al. 1994). Other possible
difficulties can be found in immunoblastic lymphomas
which can be mistaken for massive immunoblastic hyperplasia, characterised by predominance of large immunoblasts in collected aspirates. Both pathologies
are uncommon in veterinary practice and the latter is
related mainly to some viral diseases, at least in human patients. This seems to be an indication for an
excisional lymph node biopsy; however, in animals immunoblastic hyperplasia is usually transient whereas
immunoblastic lymphoma will not resolve. Thus
cytological re-examination after a 2-week observation
seems to be reasonable, especially if systemic clinical
signs are absent.
Presence of lymphoglandular bodies and tangible body macrophages. Lymphoglandular bodies
(LGBs) are small round or irregular fragments of
cytoplasm of lymphoid cells, especially larger ones
(mainly lymphoblasts, immunoblasts and centroblasts)
scattered on the smear between intact lymphocytes
(Bavle 2014). They are basophilic, with smooth borders, their diameter varies between 2 and 7 μm, and
are produced in response to the injury of lymphoid
cells. They are useful in differentiating lymphoma
from other malignant tumors, especially non-lymphoid round cell tumors (Bavle 2014). LGBs are observed in both non-malignant and malignant lymphocytic proliferations; however, they seem to be
more numerous in lymphomas (Messick 2008). More-
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over, it has been suggested that LGBs are more abundant in B-cell than T-cell lymphomas or myeloid
leukemias (Rauh and Good 2014).
Histopathological
examination
of
many
high-grade lymphomas reveals a „starry sky” pattern
(Foulner-Fleury et al. 1997a, Ponce et al. 2010, Valli
et al. 2010). This microscopic picture is due to the
presence of numerous tangible body macrophages
(TBMs) randomly scattered among neoplastic lymphocytes. Tangible body macrophages are macrophages containing death apoptotic neoplastic cells or
their fragments (apoptotic bodies). The presence of
TBMs is a consequence of an increased rate of proliferation and apoptosis typically observed in most subtypes of high grade lymphomas, especially those of
B of lymphocyte origin. The „starry sky” appearance
is moderately to highly pronounced in the high-grade
lymphomas, including large B-cell lymphomas (especially centroblastic subtype), Burkitt-type or lymphoblastic lymphomas, but is rarely observed in plasmacytoid B cell lymphoma and aggressive large granular lymphoma (Ponce et al 2010). This cytological parameter is never present in low grade lymphomas and
very rarely in T cell lymphomas (regardless of proliferative activity) and hence it appears useful in lymphoma subtyping (Foulner-Fleury et al. 1997a, Valli
et al. 2010, Ponce et al. 2010). Fortunately, TGMs are
easily detectable in cytological smears.
Immunophenotyping. Some cytological features
strongly suggest the cell’s immunophenotype during
microscopic examination of Giemsa-stained smears.
For instance, morphological features indicating T cell
immunophenotype include irregular nucleus shape,
voluminous, pale cytoplasm with azurophilic fine
granules, and the presence of plasma cells in the background of the smear (Fournel- Fleury et al. 2002). In
some cases the presence of hyperplasia of postcapillary venules, which is typical for T zone lymphomas,
can be observed in cytological samples. Proliferative
activity of neoplastic cells measured by mitotic index
or Ki67 immunocytochemistry varies among the lymphoma subtype; however, is usually higher in
high-grade T cell lymphomas (Poggi et al. 2013). Valli
et al. (2013) have suggested that the cytologic appearance of clear cell/T zone lymphomas is highly specific
and the definitive diagnosis can be based solely on
cytological examination.
As was previously mentioned, cytologic smears are
excellent material for immunocytochemical staining.
Even
though
microscopic
examination
of
Giemsa-stained smears allow the immunophenotype
of neoplastic cells to be predicted with 90% certainty
in many lymphoma subtypes (Sapierzyński et al.
2012), unequivocal determination of immunophenotype requires immunocytochemical staining with at
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least two antibodies: anti-CD3 (T lymphocyte marker)
and anti-CD79α (B lymphocyte marker). Immunocytochemistry is easy to perform, and the need
to collect a few more smears of good quality and increased cost are the only shortcomings of this diagnostic method. Since the immunophenotype of neoplastic
cells influences both treatment protocol and prognosis, immunophenotyping is recommended as an obligatory diagnostic method during characterization of
canine patients with lymphoma by veterinary oncologists in the USA (Regan et al. 2012). ICC using
other antibodies (CD4, CD8, CD21, CD45 and
others) allows for precise subtyping of lymphoma cells
and thus confirmation of less common or unusual
types of tumors (Dzimira 2007, Martini et al. 2013,
Avery et al. 2014, Pawlak et al. 2014, Seelig et al. 2014,
Fernandes et al. 2015).
Proliferative activity. Proliferative activity of the
neoplastic cells is one of the parameters determining
the biologic behavior of the tumor and thus its clinical
presentation and prognosis (Zauccari et al. 2004,
Neuman and Kaup 2005, Dolka et al. 2015). In the
majority of canine lymphomas high proliferative activity corresponds to high biological malignancy. Several
methods of measuring proliferative activity exist, and
mitotic index (MI) and Ki67 immunolabeling are the
most commonly used in veterinary oncology. Counting of mitotic figures in cytological samples is a part of
the routine cytological examination in canine lymphomas. It is widely accepted that low-grade lymphomas are characterized by a low mitotic index,
whereas high-grade lymphomas are characterized
a moderate to high number of mitotic figures (Fournel-Fleury et al. 1994, 1997, 2002, Ponce et al. 2010,
Sapierzyński 2010). Determination of MI is easy to
perform in histological slides, but some difficulties
may be encountered during examination of this parameter in cytological smears. For example, the neoplastic cells are often unevenly distributed on cytological smears, and thus MIs determined may lack representativeness. The methods applied to MI determination vary between researchers, but the French method
is used in most available studies. According to this
method MI, is estimated in cytological smears by
scanning five fields at 500 x magnification and counting mitotic figures: 0 to 1- low MI; 2 to 4 – medium
MI; and >5 – high MI (Fournel- Fleury et al. 1997a,
Fournel- Fleury et al. 2002, Sozmen et al. 2005).
Immunocytochemical measurement of cellular
proliferative activity based on Ki67 immunostaining
was shown to be useful in differentiation between malignant and non-malignant canine mammary tumors,
and also in discrimination between non-neoplastic
and neoplastic diseases of the canine liver (Zuccari et
al. 2004, Neumann and Kaup 2005, Dolka et al. 2015).
Ki67 ICC has also proved to be an excellent method
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of differentiation between non-neoplastic and neoplastic proliferation of lymphatic tissue (Bauer et al.
2007, Fernandes et al. 2015). Moreover, Fournel-Fleury et al. (1997b) have confirmed that immunocytochemistry using Ki67 antibodies is a useful
method of determination of proliferative activity of
lymphoma cells, and have revealed high concordance
between the results of Ki67 immunocytochemistry and
immunohistochemistry performed on histological
samples of lymphoma tissues. Additionally, in this
study a significant difference in the percentage of
Ki67 positive cells was found between low-grade and
high-grade lymphomas (less and more than 21%, respectively) (Fournel-Fleury et al. 1997b). The percentage of Ki67 positive cells may vary between various
subtypes of lymphomas, e.g. it was 5% in small lymphocytic B-cell lymphoma and clear cell lymphoma,
7% in medium-sized macronucleolated cell lymphoma, 40% in centroblastic pleomorphic large cell
lymphoma, and as high as 80% in Burkitt-type lymphomas and aggressive large granular cell lymphoma
(Phillips et al. 2000, Ponce et al. 2010, Poggi et al.
2013).
In the study of Munashinge et al. (2015) the
counting of Ki67 positive cells was performed in 500
cells, however, it is worth emphasizing that this analysis does not have to be so labor-consuming because
counting as few as 100 cells is sufficient to obtain reliable results of Ki67 immunostaining (Bauer et al.
2007). Counts can be performed in randomly chosen
adjacent microscopic fields; however, unless positive
cells are evenly distributed the analysis can be made in
regions with the most intensive staining (Bauer et al.
2007, Munashinge et al. 2015).

Conclusion
Much information important from both the diagnostic and prognostic standpoint can be drawn from
an examination of cellular samples collected from
neoplastic lesions by low invasive methods. This is especially applicable to canine lymphomas, where accuracy of basic cytological techniques is high and can be
further increased by immunocytochemical staining
with the use of specific antibodies. The latter allows
detection of cellular markers better characterizing the
tumor as well as identification of potential targets for
targeted therapy in individual patients, which appears
to be the future of anticancer chemotherapy.
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