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University of Wisconsin-Madison multidrug protocol for
canine lymphoma. Due to this development, it was
elected to suspend the patient’s chemotherapy and the
dysmegakaryocytopoiesis resolved within 2 months. The

Abstract

An adult female spayed Golden Retriever previously
diagnosed with lymphoblastic lymphoma was presented
to the lowa State University oncology service with severe
thrombocytopenia (20,000 plts/uL, reference interval:
200,000-500,000 plts/uL). Through bone marrow
aspiration and cytology, it was found that the patient’s

fact that cessation of chemotherapy was sufficient in
increasing the patient’s platelet count into the normal
range, and that the patient had no evidence of any
additional underlying predisposing diseases or exposures,
suggests that the cumulative cytotoxic effects of the
chemotherapy treatment led to the development of

megakaryocytes demonstrated marked anisocytosis,
cytosolic hypogranulation, and nuclear hypolobulation,
which are all abnormal morphological findings consistent
with dysmegakaryocytopoiesis, a type of myelodysplastic
syndrome. The myelodysplastic syndromes refer to a
collection of conditions characterized by the dysplasia of
one or more of the hematopoietic cell lineages. Primary
myelodysplastic syndromes are idiopathic, whereas
secondary myelodysplastic syndromes have been
associated with infectious diseases, toxin exposure, and
drug treatments, including chemotherapy. Specifically,
cancer patients receiving high cumulative doses of
antineoplastic agents may be at an increased risk of
developing a secondary myelodysplastic syndrome. At the
time of diagnosis of dysmegakaryocytopoiesis, the patient
had received 33 doses of chemotherapy through a

dysmegakaryocytopoiesis. To our knowledge, this is only
the second report in the veterinary literature describing
chemotherapy-induced selective
dysmegakaryocytopoiesis.

Case History

An 8-year-old female spayed Golden Retriever was
presented to the oncology service at the lowa State University
Lloyd Veterinary Medical Teaching Hospital with a history of
progressive thrombocytopenia. Twenty-one months prior to
presentation the patient was diagnosed with stage llla B-cell
lymphoblastic lymphoma and received full-course University of
Wisconsin-Madison multidrug therapy (Table 1) [1].

Table 1 University of Wisconsin-Madison canine lymphoma treatment protocol.

Week
Drug 1 2 3 4 6 7 8 9 1 12 13 14 16 17 18 19
Vincristine 0.5 mg/m? - 07| - . . . . . . .
mg/m? IV
Cyclophosphamide 200 - 250 . . . .
mg/m2 PO
Doxorubicin 30 mg/m?2 IV . . . .
Prednisone 30 mg/m2 PO q 24 hr .
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Prednisone 20 mg/m2 PO q 24 hr .

Prednisone 10 mg/m2 PO q 24 hr

Standard of care substitutions were made as follows: Vinblastine (1.5 mg/m? IV) for Vincristine on week 6 due to severe lethargy, vomiting, and diarrhea following
vincristine treatment. Chlorambucil (1.4 mg/kg PO) for Cyclophosphamide during second round of chemotherapy due to severe neutropenia. Mitoxantrone (4.5
mg/m? IV) for Doxorubicin during second round of due to the development of dilated cardiomyopathy.

A complete clinical remission was achieved for 13 months at
which time recurrent lymphadenopathy was noted and the
patient was confirmed to be out of remission via lymph node
aspirate and cytology. A second full-course of Madison-
Wisconsin multidrug therapy was pursued, which resulted in a
second complete clinical remission. During the third cycle of
the second Madison-Wisconsin protocol, it was determined
that the patient was out of remission for a second time based
on lymph node palpation and size [2]. Treatment with single-
agent mitoxantrone (4.5 mg/m?2 IV) was elected. Prior to the
administration of the seventh dose of mitoxantrone, the
patient was found to be thrombocytopenic with 64,000 plts/uL
(RI:  200,000-500,000 plts/uL). Thus, mitoxantrone was
delayed.

Upon presentation to the oncology service one week later,
the patient was found to be quiet, alert, and afebrile. The
peripheral lymph nodes were noted to be stable in size. A
complete blood count showed a severe progressive
thrombocytopenia (platelet count 20,000 plts/uL; few macro-
platelets). An IDEXX 4Dx Plus SNAP was performed to screen
for tickborne causes of the thrombocytopenia, which was
negative. The patient was also found to be heartworm
negative, and was receiving heartworm, flea, and tick
preventative medications. The patient had no history of travel
outside the Midwest United States. On a CBC completed three
days after presentation, the thrombocytopenia was stable
(platelet count 32,000 plts/uL; few macro-platelets). A bone
marrow sample was taken via sternal aspiration to investigate
the thrombocytopenia further. A moderate to highly cellular
sample consisting of about 70% nucleated cells and 30-50%
lipid vacuoles was obtained. The sample revealed adequate
megakaryocyte density and it was noted that proportions of
early megakaryocyte precursors were increased relative to
normal canine bone marrow. However, substantial
morphologic atypia was observed in 90-100% of the cell
population including marked anisocytosis, dyssynchronous
nuclear to cytoplasmic maturation, and nuclear
hypolobulation, all alterations that are consistent with those
visualized in dysmegakaryocytopoiesis (Figure 1A-1C).
Erythroid hypoplasia was also noted. In an attempt to not
exacerbate the thrombocytopenia, subsequent chemotherapy
was delayed. Over the following month, the patient’s
thrombocytopenia resolved (platelet count reached 214,000
plts/uL; no macro-platelets). The lymph nodes also remained
stable in size and thus, additional chemotherapy was not
recommended at that time.

Two months after the patient’'s episode of acute
thrombocytopenia, a CBC was completed which revealed a
normal platelet count (369,000 plts/uL; no macro-platelets). A
second sternal bone marrow aspiration was completed to

determine the morphology of the patient’s megakaryocytes
and assess the readiness for further chemotherapy. The
sample was again adequate with 70% nucleated cells and 30%
lipid vacuoles. The samples showed that the megakaryocytes
were normal in both number and appearance (Figure 1D).
However, due to stable Ilymph node size, additional
chemotherapy was not recommended at that time.
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Figure 1 Dysplastic and normal megakaryocytes observed in
bone marrow cytologic preparation. (A, B, C) Dysplastic
features of these cells included nuclear-to-cytoplasmic
dysmaturation, nuclear hypolobulation, and atypical nuclear
shapes. (D) Morphologically normal megakaryocytes
observed in a bone marrow cytologic preparation two
months after discontinuation of chemotherapy. Top Left-A,
Top Right-B, Bottom Left-C, and Bottom Right-D.
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Three months after the episode of acute thrombocytopenia,
the patient was noted to have progressive lymph node
enlargement indicating loss of remission for a third time and
single agent mitoxantrone (4.5 mg/m?2 IV) was restarted. This
protocol was elected due to concern for the development of
doxorubicin-induced cardiomyopathy based on
echocardiogram. The patient did not clinically respond to
mitoxantrone and developed mild thrombocytopenia (143,000
plts/ul; no  macro-platelets). Thus, the prescribed
chemotherapy protocol was switched to single agent
rabacfosadine (0.8 mg/kg IV). This resulted in complete
remission with no noted thrombocytopenia for 2 months, at
which time debilitating progressive disease was noted. Due to
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declining quality of life, the patient was humanely euthanized
27 months after initial lymphoma diagnosis and 6 months after
the development and resolution of dysmegakaryocytopoiesis.

Discussion

Myelodysplastic syndromes (MDS) refer to a collection of
conditions characterized by the abnormal morphology of one
or more of the cell lineages in the bone marrow, and manifest
as a non-regenerative anemia and/or pronounced cytopenia of
the affected cell lines [3]. Dysmegakaryocytopoiesis, a type of
MDS, is defined by the World Health Organization as the
dysplasia of > 10% of the total megakaryocytes in a patient’s
bone marrow smear [4]. Due to the instrumental role of
megakaryocytes in platelet production, this condition typically
results in the presence of a severe progressive
thrombocytopenia [5]. Morphologic abnormalities seen in the
affected megakaryocytes include the presence of multiple,
hypolobulated nuclei, granulation of the cytosol, asynchronous
nuclear-to-cytoplasm maturation, and a general anisokaryosis
of the population [6]. Dysmegakaryocytopoiesis is usually

associated with other MDS, most often presenting
simultaneously with dyserythrocytopoiesis and
dysgranulocytopoiesis. Consequently, reports of

dysmegakaryocytopoiesis occurring as a separate entity,
medically known as selective dysmegakaryocytopoiesis, are
rare in both the human medical and veterinary literature [6].

The MDS, including dysmegkaryocytopoiesis, can be
categorized based upon the suspected causative agent [5].
Primary MDS appear to be idiopathic but may be driven by
acquired mutations in one or more of the hematopoietic stem
cell lineages [5,7,8]. Secondary MDS are associated with toxin
exposure, parasitic or viral infection, immune mediated
diseases, chemotherapy treatment, and radiation exposure. It
does not appear that previous neoplasia itself is a risk factor
for the development of secondary MDS [9,10]. A growing body
of human literature supports that aggressive chemotherapy or
radiation therapy for treatment of a primary neoplasm
significantly increases the risk of developing secondary MDS
[11,12]. This appears to be especially true in patients receiving
alkylating agents, anthracyclines, anthracenediones, and
taxanes [7,13,14]. In addition, higher cumulative doses of
these compounds substantially increase the risk of secondary
MDS development [15].

Secondary dysmegakaryocytopoiesis is triggered by multiple
conditions and exposures in dogs, chief among them immune-
mediated hemolytic anemia and immune-mediated
thrombocytopenia [9]. It has also been observed to occur as a
result of infection by vector-borne pathogens, notably
Leishmania infantum, Anaplasma platys, and Hepatozoon
canis, due to the potential for pathological changes in the
bone marrow [16]. One case report exists describing 3 dogs
developing secondary dysmegakaryocytopoiesis following
continuous gamma radiation [17]. However, there remains a
paucity of information in the veterinary literature pertaining to
dysmegakaryocytopoiesis, and even less pertaining to selective
dysmegakaryocytopoiesis. One study sought to characterize
and categorize 559 thrombocytopenic canine patients based
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upon their different clinical syndromes and histories. In this
study, selective dysmegakaryocytopoiesis was found to be
rare, with only 17 dogs exhibiting the condition. Of those 17,
two had been diagnosed with lymphoma, two were diagnosed
with leukemia, and one was diagnosed with a mast cell tumor.
These five patients were treatment naive. An additional dog
was diagnosed with multiple myeloma and had received
melphalan, an alkylating chemotherapy agent [6]. Therefore,
there is precedence for the hypothesis that repeated cytotoxic
chemotherapeutic protocols and radiation therapy exposure
may damage the bone marrow in dogs, leading to
myelodysplastic syndromes, including
dysmegakaryocytopoiesis.

Over time, MDS itself, or complications secondary to MDS
including bone marrow failure due to infectious, hemorrhagic,
or anemic stress, can lead to the progression of disease into an
acute myeloid leukemia (AML). In some cases, this is a slow
progression over a period of years. In other cases, it is a rapid
progression that is refractory to treatment and leads to a
shorter survival time [18]. Treatment for those with a low to
intermediate risk of developing AML focuses on treating the
underlying cause (if present) and improving clinical cytopenias
via transfusions and the administration of growth factors [19].
Treatment for intermediate to high-risk individuals focuses on
slowing disease progression through chemotherapy,
demethylating agents, and bone marrow transplantation [18].

Cases of canine MDS are treated similarly to human cases;
those with moderate cytopenias can receive transfusions and
growth factors, such as epogen [20], whereas more severe
cases may require chemotherapy [21]. Cases secondary to a
drug treatment, toxin exposure, or treatable disease processes
resolve if the inciting cause is removed [10]. Prognosis for
canine MDS is varied and depends upon the type (primary or
secondary) and successful treatment of underlying causes.
Those that progress to AML have survival times less than 5
months [5].

This case report describes the diagnosis and treatment of a
dog with suspect secondary selective
dysmegakaryocytopoiesis due to exposure to high cumulative
amounts of chemotherapy agents. At the time of the patient’s
severe, acute thrombocytopenic episode and diagnosis of
dysmegakaryocytopoiesis, the patient had received 33 doses
of chemotherapeutic drugs using the Madison-Wisconsin
protocol for the treatment lymphoblastic lymphoma (Figure
1). Because the thrombocytopenia resolved 6 weeks following
the cessation of chemotherapy, and a second bone marrow
sample taken two months later showed normal megakaryocyte
number and morphology, we believe that the patient’s
dysmegakaryocytopoiesis arose largely as a result of the
cytotoxic and suppressive effects of the chemotherapy drugs
administered upon the bone marrow. In addition, we believe
this to represent a secondary selective
dysmegakaryocytopoiesis as there was no concurrent evidence
of dyserythrocytopoiesis or dysgranulocytopoiesis.

As previously mentioned, there have been multiple
publications in the human literature that demonstrate a
possible association between the cumulative usages of specific
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antineoplastic agents in the development of secondary MDS.
Most concerning are the alkylating agents, anthracyclines,
anthracenediones, and taxanes [13-15]. The Madison-
Wisconsin protocol for canine lymphoma includes the
administration of cyclophosphamide, an alkylating agent [22],
doxorubicin, an anthracycline topoisomerase Il inhibitor, and
mitoxantrone (as a substitute for doxorubicin), an
anthracenedione [23]. Recently, human studies have shown
that previous treatment with these agents is a major risk factor
for the development of MDS, and a higher risk is present
following treatment with mitoxantrone compared to
anthracyclines. The effect of cumulative doses of
chemotherapy has not yet been definitively elucidated [14].
The vinca alkaloids (vincristine and vinblastine), to our
knowledge, have not been associated with the development of
MDS.

The mechanism of chemotherapy-induced leukemia and
MDS is unknown. However, it likely involves the induction of
DNA errors, promotion of these errors during stem cell
replication, and subsequent chromosomal aberrations and
immunosuppression [24,25]. There is also the hypothesis that
those patients with cancer have an underlying predisposition
to the development of leukemia and MDS, and this may be
exacerbated by chemotherapy indirectly as treated patients
live longer, allowing more time for a leukemia or MDS to
develop [24].

Whether or not cumulative chemotherapy treatments, or
mitoxantrone therapy alone, is implicated in the development
of this patient’s secondary selective dysmegakaryocytopoiesis
is unclear. However, given the fact that the thrombocytopenia
and dysmegakaryocytopoiesis resolved relatively quickly
following the cessation of chemotherapy and that there is
nothing else in the patient’s full history that has previously
been associated with MDS development (including the use of
long-term heartworm and flea preventatives), suggests that
the condition arose as a result of the cytotoxic effects of the
aggressive, cumulative chemotherapy. This is, to our current
knowledge, among the first such reports of chemotherapy-
induced secondary selective dysmegakaryocytopoiesis in a
canine patient.

Conclusion

Although secondary selective dysmegakaryocytopoiesis is a
rarely reported condition in both human and veterinary
medicine, it nonetheless remains a possible outcome of cancer
patients who have been administered repeated rounds of
chemotherapeutic drugs. In the case detailed within this
report, the suspect secondary selective
dysmegakaryocytopoiesis manifested in a severe progressive
thrombocytopenia and resolved within months after cessation
of chemotherapy. Secondary selective
dysmegakaryocytopoiesis may be worth consideration both as
a differential and as a contraindication to further therapy with
potential causative agents for thrombocytopenic, long-term
cancer patients who are receiving high cumulative doses of
cytotoxic chemotherapeutic drugs. In addition, cytologic
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evaluation of bone marrow is a useful clinical tool in

investigating thrombocytopenia.
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