Peripheral blood abnormalities and bone marrow infiltration in canine large B-cell lymphoma: is there a
link?
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Abstract

Official guidelines do not consider bone marrow (BM) assessment mandatory in staging canine lymphoma
unless blood cytopenias are present. The aim of this study was to find out if blood abnormalities can predict
marrow involvement in canine large B-cell lymphoma. BM infiltration was assessed via flow cytometry. No
difference was found between dogs without haematological abnormalities and dogs with at least one.
However, the degree of infiltration was significantly higher in dogs with thrombocytopenia, leucocytosis or
lymphocytosis and was negatively correlated to platelet count and positively to blood infiltration. Our
results suggest that blood abnormalities are not always predictive of marrow involvement, even if
thrombocytopenia, leucocytosis or lymphocytosis could suggest a higher infiltration. BM evaluation should
therefore be included in routine staging in order not to miss infiltrated samples and to improve
classification. However, its clinical relevance and prognostic value are still not defined and further studies
are needed.

Correspondence address:

V. Martini, DVM Department of Veterinary Sciences and Public Health Faculty of Veterinary Medicine
University of Milan via Celoria 10

20133 Milan, Italy e-mail:

valeria.martini@unimi.it



Introduction

WHO (World Health Organization) clinical staging system for canine lymphoma is based on the involvement
of lymph nodes (stages |- Ill), spleen and/or liver (stage IV), blood and/or bone marrow (BM) or any other
non-lymphoid tissue (stage V).1 In 2010, the Veterinary Cooperative Oncology Group published the official
guidelines for response evaluation in dogs with peripheral nodal lymphoma. Under this document, BM eval-
uation was not required, unless peripheral blood (PB) cytopenias are present suggesting a strong
infiltration. In fact, to date there are no standard techniques for quantifying BM involvement, and its
prognostic value is still not well defined.2

The reported biological behaviour of lymphoma in different stages is contradictory. On the basis of the
results of Flory et al.,3 WHO stage was not associated with prognosis. On the other hand, a recent study
has suggested that the contemporary presence of some specific characteristics at the time of diagnosis,
among which the absence of BM infiltration, was associated with a 95% probability of >2 years survival;
however, the authors did not give a definition of positive and negative BM samples.4 The same research
group had previously demonstrated that dogs with stage V lymphoma might benefit from a more
aggressive treatment.5 None of these studies, however, investigated the independence of BM infiltration
from any other variable with prognostic significance and results should therefore be interpreted with
caution. The discrepancy with the results obtained by Flory et al. could be due to the different methods
used for BM evaluation (light microscopy versus flow cytometry) as well as to the fact that different
lymphoma subtypes had been included in the studies. The use of different methods could also explain
the difference among the cutoff used to define a positive sample, ranging from 1 to 20%.3,5

Recent studies have suggested that some morphological and phenotypic features evaluated by flow
cytometry could be useful to identify and quantify suspect circulating neoplastic cells in canine large B-cell
lymphoma.6,7

The aim of this study was to discover any link between haematological findings and BM infiltration
determined by flow cytometry in dogs with large B-cell lymphoma. We hypothesize that BM could be
heavily infiltrated even in the absence of PB abnormalities. This would support the advisability to always
include BM evaluation in staging procedures.

Materials and methods

Consecutive cases of canine lymphoma were selected from the database of flow cytometric service of
Department of Veterinary Sciences and Public Health (Faculty of Veterinary Medicine, University of Milan,
Milan, Italy) from March 2006 to Septem- ber 2011. Samples had been sent to the laboratory by private
veterinarians for the evaluation of sus- pected lymphoid neoplasm. Inclusion criteria were as follows: (1) a
final diagnosis of large B-cell lym- phoma based on microscopic evaluation and flow cytometric
immunophenotyping of a fine needle aspirate from a lymph node, and when necessary on histopathology;
(2) the availability of a complete blood cell count by automated haematology anal- yser (Sysmex XT-2000iV;
Sysmex, Kobe, Japan), at least one good-quality PB smear stained with May-Grunwald-Giemsa, and flow
cytometric data of lymph nodes, blood and BM. Lymph node aspi- rates had been collected into RPMI
(Sigma Aldrich, St. Louis, MO, USA), blood and BM samples into ethylenediaminetetraacetic acid (EDTA)
tubes. All the samples had been sent to the laboratory within 24 h from the collection and immediately
processed according to the previously reported protocols.8 Flow cytometry samples had been analysed



using a FACScalibur flow cytometer and CellQuest soft- ware (Becton Dickinson, San Jose, CA, USA). Cells
incubated with isotype control antibodies and cells that tested negative for the antigen of interest in
samples incubated with anti-canine antibodies were used as negative controls. In addition, the flow
cytometer was routinely calibrated using calibration beads (CaliBRITE; Becton Dickinson).

Using flow cytometry, PB and BM infiltration levels were defined as the percentage of CD21+ cells
characterized by an elevated forward scatter (FSC-H channel higher than 350), as already described.6
Because a definitive cutoff to classify samples as positive for neoplastic infiltration has never been
established, statistical analysis was per- formed using PB and BM infiltration as continuous variables.

PB abnormalities were defined as follows: (1) any haematological value out of internal lab- oratory
reference range for the following vari- ables: haemoglobin concentration (<12 g dL-1), platelet count (<100
x 103 plL-1 and/or inade- quate microscopic platelet estimation) or leucocytes (>19.5 x 103 pL-1) based on
Sysmex auto- mated analysis, and neutrophils (>11.5 x 103 or <3 x 103 pL-1) or lymphocytes (>4.8 x
103 or <1 x 103 plL-1) based on manual differential count, or (2) the presence of morphologically
unclassifiable cells (atypical cells) in the smear, using light microscopy.

Statistics were performed using a stan- dard statistical software (SPSS Statistics 17.0). Mann— Whitney
test was performed to analyse the difference in BM infiltration level between dogs with and without
anaemia, thrombocytope- nia, leucocytosis, lymphocytosis or atypical cells, and between dogs with and
without any abnor- mality at complete blood cell count and/or smear evaluation. The correlation between
BM infiltration and haemoglobin concentration, platelet, leuco- cytes, lymphocytes and atypical cells
number and PB infiltration was evaluated by means of gener- alized linear models (GLMs), as BM
infiltration was found to have a gamma distribution. This test is used to identify correlations between one
or more independent variables (either continuous or categorical) and a dependent variable whose
distribution is included in the exponential fam- ily (gamma, binomial, multinomial and Poisson, among
others).9 For all tests, a P-value <0.05 was considered significant.

Results

From March 2006 to September 2011, 503 canine samples with suspected lymphoid neoplasm were
processed in our laboratory and recorded in the database: 412 (81.9%) cases were finally diagnosed as
lymphomas, among which 288 (69.9%) had a B- phenotype, while 124 (30.1%) had a T-phenotype. Among
B-cell lymphomas, BM flow cytometric data were available only for 84 (29.2%) cases. Twenty- two (26.2%)
of these cases were not included in this study because of the lack of data concerning PB, and two (2.4%)
because neoplastic cells were small to medium sized. Therefore, 60 dogs fulfilled the inclusion criteria and
were included in this study.

Thirty dogs (50%) had at least one of above mentioned PB abnormalities: among these, 17 (56.7%) had a
moderate anaemia, 15 (50%) throm-

bocytopenia, 12 (40%) leucocytosis, 11 (36.7%) lymphocytosis, 5 (16.7%) presence of atypical cells, 14
(46.7%) had multiple abnormalities and no one had lymphopenia or granulocytic abnormalities. Atypical
cells found were usually medium to large sized, with high nucleus/cytoplasm ratio, round or irregular
nucleus with finely reticular chro- matin, occasional prominent nucleoli and slightly basophilic scant to
moderate cytoplasm.

Thirty dogs (50%) did not have any haematolog- ical abnormality. Among them, PB infiltration was <5% in
20 (66.7%) cases, between 5 and 10% in 7 (23.3%), between 10 and 20% in 3 (10.0%) and >20% in no one



case. BM infiltration was <5% in 21 (70%) cases, between 5 and 10% in 5 (16.7%), between 10 and 20% in 3
(10%) and >20% in 1 (3.3%) case.

Among the 30 (50%) dogs with at least one PB abnormality, PB infiltration was <5% in 18 (60.0%)cases,
between 5 and 10% in 3 (10.0%), between 10 and 20% in 1 (3.3%) and >20% in 8 (26.7%)cases. BM
infiltration was <5% in 16 (53.3%) cases, between 5 and 10% in 1 (3.3%), between 10 and 20% in 5 (16.7%)
and >20 in 8 (26.7%) cases. Median PB infiltration among all cases was 2.82%, min—max 0.00 — 80.41%.
Median BM infiltration among all cases was 3.05%, min—max 0.03 — 74.5%. PB and BM infiltration levels for
each case are shown in Fig. 1.

On the basis of Mann— Whitney test, BM infil- tration was significantly higher in dogs with throm-
bocytopenia (P = 0.002), leucocytosis (P = 0.032)and lymphocytosis (P = 0.000). On the other hand, there
was no significant difference in BM infiltration between dogs with or without anaemia (P = 0.560) and
atypical cells (P = 0.360) and between dogs with or without any haematological abnormality (P = 0.237). BM
infiltration in groups of dogs based on the presence or absence of PB abnormalities is shown in Table 1.

GLMs showed a significant correlation between BM infiltration and platelet count (P = 0.012) and PB
infiltration (P = 0.022): BM infiltration was negatively correlated to platelet count and posi- tively correlated
to PB infiltration. No significant correlation was found between BM infiltration and haemoglobin
concentration (P = 0.410), leu- cocytes, lymphocytes and atypical cells number (P=0.223,P=0.650and P =
0.185, respectively).

Discussion

Our results highlight that flow cytometric BM infil- tration is negatively correlated to platelet count and
positively to blood infiltration, but not to haemoglobin concentration, leucocytes, lympho- cytes and
atypical cell number. BM infiltration was different in dogs with or without thrombocytope- nia, leucocytosis
and lymphocytosis. Hence, even if a higher BM infiltration should be expected in dogs with one of these
three blood abnormalities, its degree cannot be directly predicted by the number of leucocytes or
lymphocytes: a heavy BM infiltra- tion can be found both in cases with a slight and a strong lymphocytosis.
On the contrary, the lower is the platelet count, the higher is BM infiltration.

On the other hand, no difference in BM infiltration was found between dogs with and without any
haematological abnormality.

In human medicine, clinical staging of lym- phoma routinely requires BM evaluation.10 Core biopsy is
considered the gold standard technique, but some authors suggested combining it with flow cytometric
analysis to improve the sensitivity in neoplastic cells detection.11,12 Under official guide-lines, BM
assessment is not required for canine lymphoma unless PB cytopenias are present suggesting a strong
infiltration.2 Until now, however, very few data were available regarding the correlation between blood
abnormalities and BM involvement. A recent study identified thrombocytopenia and the presence of at
least 10% large lymphocytes in blood smears as significant variables to predict BM infiltration: these results,
although obtained by morphological evaluation alone, are in according with ours.

No study has been performed correlating blood abnormalities and BM involvement evaluated via flow
cytometry, which is a more sensitive and specific test than morphological evaluation alone.14 For this
study, we selected large B-cell lymphoma cases, because it is the most common lymphoma subtype in dogs
and these neoplastic cells are easily recognizable and quantifiable both in PB and BM by flow cytometry. On
the other hand, the staging of small cell lymphoma by flow cytometry could be more challenging, as small



lymphocytes are physiologically present both in PB and BM and are difficult to distinguish from the
neoplastic population.14 Moreover, we did not distinguish the different morphological lymphoma subtypes
that are grouped together as ‘large B-cell lymphoma’ as histopathology was available only for a small
number of cases. However, studies about the biological behaviour of different morphological

subtypes are still contradictory.15,16

We defined the infiltration level as the percentage of large CD21+ cells in PB and BM samples, because the
forward and side scatter of this cells were comparable to those of the neoplastic cells in the lymph node.
Unfortunately, to date, no study definitively proving that these are circulating neoplastic cells has been
published, but other studies suggested their presence could be due to infiltrating lymphoma.6,7,17,18
These cells could also represent reactive cells, but in our experience, large CD21+ cells account for less than
1% of total nucleated cells in BM from both healthy dogs and dogs with systemic reactive diseases. To our
knowledge, large CD21+ cells have not been previously described in BM of dogs without neoplastic
conditions, except for a study on BM leucocytes in neonatal dogs in which few large mononuclear CD21+
cells (although less than 1%) were found.19

Among the cases included in this study, no dif- ference in BM infiltration was found between dogs with and
without any haematological abnormality. Moreover, even though a clinically useful cutoff has never been
defined, it has to be emphasized that around 15% of the dogs without blood abnormalities had a BM
infiltration >10% and in one case it was >20%: these cases would be missed if BM was analysed only in dogs
with cytopenias, as stated by official guidelines.2 This result suggests that in dogs with a normal complete
blood cell count BM status should be assessed, as it is not possible to exclude a strong infiltration only
based on PB analysis. BM assessment should therefore be included in routine staging, even if its clinical
relevance and prognostic value are not defined, in order not to miss infiltrated samples and to improve
classification. However, some abnormalities, such as thrombocytopenia and lymphocytosis, are likely to be
suggestive of a higher BM infiltration.

In human large B-cell lymphomas, the low platelet count is correlated to a higher BM involve- ment and is
an independent poor prognostic factor.20 Our results and those by Graff et al.13 demonstrate that
thrombocytopenia is linked to BM involvement in canine large B-cell lymphoma as well. The low sensitivity
(60%) found by Graff et al. highlights that it cannot be ruled out that dogs with a normal platelet count
have a strong BM infiltration.

In our study, BM infiltration degree was higher in dogs with leucocytosis or lymphocytosis, even if GLMs did
not identify a significant association. As none of the dogs had granulocytic abnormalities, leucocytosis in
our cases was likely always due to an increase in lymphoid cells. Moreover, the number of atypical cells was
not linked to BM infiltration: this finding could be due to the low number of cases with atypical cells or to
the atypical appearance of reactive lymphocytes. Taken together, these results suggest that in the
presence of leucocytosis or lymphocytosis a stronger BM infiltration can be expected, while normal
leucocyte number and differential count are not sufficient to exclude it.

Anaemia was reported as a negative prognostic factor for dogs with lymphoma21,22; in one of these
studies, the authors found no difference in BM cytological involvement between dogs with or without
anaemia.21 The absence of association with BM involvement is confirmed by our results and by Graff et
al.13 Therefore, anaemia could be due to causes other than BM infiltration and secondary myelophthisis,
such as immune-mediated, inflammatory anaemia or other concomitant diseases.



According to GLMs results, a significant correlation was found between PB and BM flow cytometric
infiltration. In spite of this, a small number of cases had a strong BM infiltration (>20%) with a slight PB
infiltration (<5%) (Fig. 1). Thus, a strong BM infiltration cannot be excluded based on a slight PB infiltration.

Unfortunately, only few cases in this study had a strong BM infiltration (Fig. 1), which could perhaps result
in secondary myelophthisis and consequent cytopenias. Therefore, the potential of some blood
abnormalities, such as anaemia, to predict BM status could have been underestimated and should be
further investigated including a larger number of cases with a strong BM infiltration.

Another pitfall of this study is the lack of clinical information and follow-up data as well as of a common
therapeutic approach. This made it impossible to investigate a possible prognostic value of BM infiltration.
On the basis of our results, BM should be evaluated in all dogs independently from the presence of
peripheral cytopenias in order not to miss infiltrated samples. However, no definitive evidence has been
found that BM infiltration level has an influence on prognosis or a protocol- altering decision value.
However, quantifying PB and BM infiltration by neoplastic cells at the time of diagnosis and during or after
chemotherapy could be a useful tool for monitoring the response to therapy.

In conclusion, this study recommends evaluating BM in all dogs with large B-cell ymphoma in order not to
miss infiltrated samples. However, if thrombocytopenia, leucocytosis, lymphocytosis or PB infiltration are
present, a heavier BM involvement can be foreseen. It has to be underlined that clinical evidence of
prognostic value of BM infiltration is still lacking.

Further clinical studies are needed including more cases and follow-up information to establish the
prognostic value of BM involvement and its influence on survival, recurrence and response to therapy.
Finally, a similar approach should be attempted in other lymphoma subtypes to better understand the
different biological behaviours and to tailor therapy for each lymphoma subtype.
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Figure 1. Flow cytometric blood (white columns) and bone marrow (BM, black columns) infiltration in 60
dogs with large B-cell lymphoma (percentage of CD21+ cells with a forward scatter higher than 350). A
significant correlation was found between blood and BM infiltration level (P = 0.022). Interestingly,
however, in some cases, involvement was noticeably higher in BM than in blood.
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Table 1. Bone marrow (BM) infiltration in different groups of dogs with large B-cell ymphoma, based on the
presence or absence of abnormalities at complete blood cell count and/or blood smear evaluation

EM Infiltration (%)

Peripheral blood Number

abnormality of cases Medlan Min-max

Low haemoglobin 17 {28.3%) 3.03 03-745
concentration

MNormal haemoglobin 43 (71.7%) .07 0.03-48.62
concentration

Low platelet count®" 15(25%) 18 035-745

Mormal platelet count 45 (75%) 2.49 0.03-27
High leucocyte number® 12 (209) 21.55 034-745

MNormal leucocyte 48 (80%) 258 0u03-5142
numiber

High lymphocyte 11(183%) 24.43 1.2-745
number?

Normal lymphocyte 49 (81.7%) 2.2 0.03-51.42
number

Presence of atypical cells 5 (8.3%) 1.35 03-745

Absence of atypical cells 55 (91.7%) 125 0u03-71.26

Any abnormality 30 (50%) 397 013-745

No abnormalities 30 (50%) 258 0.03-224

ISignificant  difference in  BM infiltration based on
Mann-Whitney test (P = 0.05).

t'5i|;|niﬁ+:.5|nt comelation with BM infiltration based on
generalized linear models (P = 0.05).




