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Case Report

Acute lymphoblastic leukemia and chronic lymphocytic leukemia in dogs

Hae-Won Jung, Dong-In Jung®

Institute of Animal Medicine, College of Veterinary Medicine, Gyeongsang National University, Jinju 660-701, Korea

An Australian cattle dog (case 1: 6-year-old castrated
male) and a Shih-Tzu dog (case 2: 8-year-old castrated
male) were referred to the Gyeongsang Animal Medical
Center due to anorexia and depresson. Physical examina-
tions, complete blood counts, serum chemical analysis, radi-
ography, ultrasonography, and bone marrow biopsy were
performed. Upon physical examinations of cases 1 and 2,
enlargement of superficial lymph nodes was not identified.
Hematologic findings in these dogs included leukocytosis
with severe lymphocytoss, anemia, and thrombocytopenia.
Upon radiography, both dogs showed splenomegaly. Upon
examination of a peripheral blood smear in case 1, imma-
ture lymphoid cells, featuring decreased nuclear chromatin
condensation and nuclear pleomor phism, were present.
Biopsy samples of the bone marrow in case 1 revealed
hypercellularity as well as a large number of immature
lymphoblastic cellssmilar in shapeto cdlsin the peripheral
blood. The characteristic morphological features of periph-
eral blood and bone marrow samplesin case 2 were small
lymphocytes. Thus, the dogs wer e tentatively diagnosed
with acute lymphoblastic leukemia (ALL) and chronic
lymphocytic leukemia (CLL), respectively. After diagnoss,
the CLL patient was administered chlorambucil and pred-
nisolone therapy. Due to its Smilarity to human leukemia,
the canine leukemia model provides a valuable model for
resear ch into human leukemia.
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Introduction

Canine lymphoproliferative disorders are relatively rare
in dogs, but typically include peripheral lymphocytosis
and diverse subtypes of acute and chronic lymphocyt-
ic leukemia [1, 2, 3]. In acute lymphoblastic leukemia
(ALL), chronic lymphocytic leukemia (CLL), and lym-
phoma with circulating neoplastic cells (stage 5 lym-

phoma), lymphocytosis is a characteristic feature [1].
However, differentiation of these three disorders is often
unclear.

Categorization of lymphoid leukemia of bone marrow
origin as ALL or CLL is important with regard to diag-
nosis, therapy, and prognosis. ALL is characteristically a
rapidly progressive disorder associated with proliferation
of morphologically malignant, immature lymphoblasts in
the peripheral blood and bone marrow [4]. Acute leuke-
mia can also affect lymph nodes and spleen, so it can be
difficult to distinguish stage V lymphoma and leukemia
[1, 5].

In contrast, CLL is characterized by the neoplastic clon-
al proliferation of mature, small lymphocytes rather than
lymphoblasts [2, 4, 6]. This disorder may also manifest
with lymphadenopathy and splenomegaly [7, 8], making
the differentiation between stage V lymphoma and CLL
unclear. Unlike ALL, CLL generally has a protracted
clinical course and is usually initially responsive to che-
motherapy.

In this study, we tentatively diagnosed ALL and CLL by
use of bone marrow biopsy, and administered chloram-
bucil to a CLL patient.

Case report

A 6-year-old castrated male Australian cattle dog (case
1), weighing 26.1 kg, presented to the Gyeongsang Na-
tional University Animal Medical Center with a history
of anorexia, lethargy, and dyspnea of one month’s dura-
tion. An 8-year-old castrated male Shih-Tzu dog (case 2),
weighing 6.5 kg, presented with a history of weight loss
and abdominal distension of two weeks’ duration.

On physical examination of case 1, enlargement of su-
perficial lymph nodes was not identified. Initial hemo-
gram results revealed severe anemia, thrombocytopenia,
and marked leukocytosis with immature lymphocytes
predominating (Fig. 1A). On a peripheral blood smear,
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immature lymphoid cells, featuring decreased nuclear
chromatin condensation and nuclear pleomorphism,
were present. Splenomegaly was revealed by radiogra-
phy in the lateral view of the abdomen. On ultrasonog-
raphy, we found some reactive lymph nodes in the abdo-
men. Bone marrow aspiration was performed on the right
humerus. The sample revealed mononuclear lymphoid
cells of various sizes, with more lymphoblast cells than
mature small- to medium-sized lymphocytes (Fig. 1B).
We tentatively diagnosed ALL on the basis of the labora-
tory results and the clinical course. The dog was treated
with analgesics, but there was no response. Euthanasia
was administered at the client’s request 19 days after
ALL was diagnosed.

Physical examination of case 2 revealed depression,
lethargy, and pale mucous membranes. Superficial lymph
node swelling was not noticed in case 2. Initial hemo-
gram results revealed marked leukocytosis with small
lymphocytes predominating. Severe anemia and throm-
bocytopenia were also observed. On examination of a
peripheral blood smear, the lymphoid cells were uniform
and small in size and had a round nucleus with abundant
chromatin (Fig. 2A). Severe splenomegaly and honey-
comb sign of the spleen were identified from radiogra-
phy and ultrasonography. Biopsy samples of the bone
marrow revealed hypercellularity and a large number of
mononuclear cells similar in shape to the cells observed
in the peripheral blood (Fig. 2B). Based on the history
of illness, hematological results, and morphological
characteristics observed in the bone marrow smear, we
tentatively diagnosed CLL and did not perform immu-
nophenotypic analysis. Initially, we treated the dog with
vincristine (0.6 mg/m? body surface area, intravenous)
and prednisolone (1 mg/kg body weight, twice a day,

oral). The dog’s clinical signs gradually improved, but
hematological findings worsened one week later. Treat-
ment was changed to administration of chlorambucil (20
mg/m? body surface area, once every two weeks, oral)
and prednisolone (50 mg/kg body weight, once a day
during the first week, then reduced to 20 mg/kg body
weight, once every other day, oral). After administration
of chlorambucil, the clinical signs waxed and waned. He-
matological abnormalities, including leukocytosis with
lymphocytosis, gradually decreased, although anemia
and thrombocytopenia remained. The patient’s general
clinical condition gradually worsened with the develop-
ment of complications, including superficial corneal ul-
ceration, depression, and severe anemia. To improve the
clinical status, we administered eye drops containing N-
acetylcysteine, hyaluronic acid, and ofloxacin, and also
performed a blood transfusion. The dog died of respira-
tory failure 89 days after CLL was diagnosed.

Discussion

The diagnosis of canine lymphoid leukemia was estab-
lished by the clinical course, hematological results, mor-
phological features of peripheral blood and bone marrow
smears, and by eliminating other diseases that lead to
lymphocytosis. Through examination of the bone mar-
row smear, we determined the tentative diagnosis based
on the morphologic characteristics of the lymphoid cell.
An alternative diagnostic approach to identify diverse
subtypes of lymphoid leukemia is to perform immuno-
phenotypic analysis by flow cytometry in the same man-
ner as in human medicine [9, 10]. The advantage of using
flow cytometry for classifying lymphoproliferative disor-
ders is that this method is more objective than cytology

Fig. 1. Cytologic results of acute lymphoblastic leukemia (ALL; case 1) in this study. Panel A show lymphoblastic cells were
predominant in peripheral blood smear cytology, and panel B show immature lymphoblast in bone marrow aspiration smear of the

patient (Diff-Quik® stain, x1000).
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or histology, and may be easier to standardize [1]. In a
recent study [11], it was found that clonal rearrangement
using polymerase chain reaction (PCR) to amplify the
variable regions of the immunoglobulin gene and T-cell
receptor gene is a very sensitive assay to detect lymphoid
malignancy.

Using chlorambucil and prednisolone is the traditional
treatment of canine CLL as well as human CLL [4, 7,
12, 13]. Chlorambucil is a nitrogen mustard alkylating
agent which acts as a cytoreductive chemotherapy agent
and can be given orally. Thus, it is commonly adopted as
a relatively mild drug with fewer side effects than other
alkylating agents [12]. In some reports [12], it has been
suggested that the alternative choice of melphalan for ca-
nine CLL may reduce the risk of clinical infections, but
this remains speculative.

A limitation of this report is the lack of immunophe-
notypic analysis as commonly done in human leukemia
patients. In a retrospective study [1], immunophenotyp-
ing of neoplastic canine lymphocytosis was found to of-
fer important prognostic information. Several prognostic
factors, such as lymphadenopathy, splenomegaly and/
or hepatomegaly, anemia, thrombocytopenia, marked
lymphocytosis, and rapid lymphocyte doubling time, are
associated with poor prognosis [14]. In another study,
expression of CD34 as a marker of acute leukemia pre-
dicted poor prognosis, and the median survival time was
16 days [13]. Immunophenotyping may help to differ-
entiate acute leukemia and stage V lymphoma, because
CD34+ cells did not stain with any of the other surface
markers used in that laboratory, although further studies
are needed [1]. In previous immunophenotypic analyses
in dogs, there have been many cases of T cell CLL that
express CD3 and CD8, whereas some cases of CLL de-

rive from B cells [11]. Median overall survival time was
480 days for B cell CLL and 930 days for T cell CLL
[14].

Considering the diverse aspects of canine lymphopro-
liferative disorders, not only bone marrow biopsy but
also immunophenotypic analysis may be performed in
veterinary medicine as in human medicine, and is helpful
to improve the diagnostic specificity and to predict prog-
nosis of canine lymphoid leukemic patients. Because of
the similarities with human leukemia, canine leukemia
provides a valuable model for researching human leuke-
mia.

Acknowledgements

This research was supported by Basic Science Research
Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education, Sci-
ence and Technology (2011-0008358).

References

1. Williams MJ, Avery AC, Lana SE, Hillers KR, Bachand
AM, Avery PR. Canine lymphoproliferative disease
characterized by lymphocytosis: immunophenotypic
markers of prognosis. J Vet Intern Med 2008;22:596-
601.

2. Weiss DJ. A retrospective study of the incidence and the
classification of bone marrow disorders in the dog at a
veterinary teaching hospital (1996-2004). J Vet Intern
Med 2006;20:955-961.

3. Weiss DJ. Flow cytometric and immunophenotypic
evaluation of acute lymphocytic leukemia in dog bone
marrow. J Vet Intern Med 2001;15:589-594.

Fig. 2. Cytologic results of chronic lymphocytic leukemia (CLL; case 2) in this study. Panel A show mature lymphocytes were
predominant in peripheral blood smear cytology, and panel B show small lymphocytes in bone marrow aspiration smear of the patient

(Diff-Quik® stain, x1000).



ALL and CLL in dogs 35

. Leifer CE, Matus RE. Lymphoid leukemia in the dog.
Acute lymphoblastic leukemia and chronic lympho-
cytic leukemia. Vet Clin North Am Small Anim Pract
1985;15:723-739.

. McDonough SP, Moore PF. Clinical, hematologic, and
immunophenotypic characterization of canine large
granular lymphocytosis. Vet Pathol 2000;37:637-646.

. Okawa T, Hiraoka H, Wada Y, Baba K, Itamoto K,
Mizuno T, Okuda M. Development of high-grade B-cell
lymphoma concurrent with T-cell chronic lymphocytic
leukemia in a dog. J Vet Med Sci 2012;74:677-680.

. Leifer CE, Matus RE. Chronic lymphocytic leukemia
in the dog: 22 cases (1974-1984). J Am Vet Med Assoc
1986;189:214-217.

. Vernau W, Moore PF. An immunophenotypic study of
canine leukemias and preliminary assessment of clonal-
ity by polymerase chain reaction. Vet Immunol Immu-
nopathol 1999;69:145-164.

. Zent CS, Call TG, Shanafelt TD, Tschumper RC,
Jelinek DF, Bowen DA, Secreto CR, Laplant BR, Kabat
BF, Kay NE. Early treatment of high-risk chronic lym-
phocytic leukemia with alemtuzumab and rituximab.

10.

11.

12.

13.

14.

Cancer 2008;113:2110-2118.

Toth B, Wehrmann M, Kaiserling E, Horny HP. Im-
munophenotyping of acute lymphoblastic leukaemia in
routinely processed bone marrow biopsy specimens. J
Clin Pathol 1999;52:688-692.

Burnett RC, Vernau W, Modiano JF, Olver CS, Moore
PF, Avery AC. Diagnosis of canine lymphoid neoplasia
using clonal rearrangements of antigen receptor genes.
Vet Pathol 2003;40:32-41.

Fujino Y, Sawamura S, Kurakawa N, Hisasue M, Masu-
da K, Ohno K, Tsujimoto H. Treatment of chronic lym-
phocytic leukaemia in three dogs with melphalan and
prednisolone. J Small Anim Pract 2004;45:298-303.

Molica S. Progression and survival studies in early
chronic lymphocytic leukemia. Blood 1991;78:895-
899.

Comazzi S, Gelain ME, Martini V, Riondato F, Minis-
calco B, Marconato L, Stefanello D, Mortarino M.
Immunophenotype predicts survival time in dogs
with chronic lymphocytic leukemia. J Vet Intern Med
2011;25:100-106.



