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Abstract

Case summary A spayed 12-year-old female domestic shorthair cat presented with nodular lesions on the ventral-
right thoracic wall after complete mastectomy 4 months previously. The prior diagnosis was tubulopapillary mammary
carcinoma with axillary lymph node metastasis, and a recurrence was confirmed. A gradual and sequential increase
in the total number of leukocytes with severe neutrophilia (95.632/ul) developed over the course of the iliness, along
with an increase in the size of the recurrent mass. The severe leukocytosis did not show any response to antibiotic
therapy, and no evidence of infection was observed. Bone marrow cytology confirmed hypercellularity in the
myeloid cell lineage. Based on these findings, paraneoplastic neutrophilic leukocytosis syndrome was suspected.
An incisional biopsy of the recurrent mass was consistent with recurrent tubulopapillary mammary carcinoma.
Malignant epithelial cells stained positive upon immunohistochemistry for granulocyte-macrophage colony-
stimulating factor, cytokeratin and vimentin. After the final diagnosis of paraneoplastic neutrophilic leukocytosis
syndrome, the cat was euthanized at the owner’s request.

Relevance and novel information This is a novel case of paraneoplastic leukocytosis syndrome associated with
mammary carcinoma in a cat. Although there are some reports describing paraneoplastic leukocytosis in cats, the
relationship between this syndrome and feline mammary tumors has not been described.
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Introduction

Paraneoplastic neutrophilic leukocytosis syndrome
(PNLS) is rarely described in dogs and cats.! PNLS has
been reported more commonly in dogs diagnosed with
renal carcinoma, although it has also been documented
in association with lymphoma, primary lung tumor,
metastatic fibrosarcoma and rectal polyps.2¢ In cats, this
syndrome has been reported in even fewer cases.”8
Herein, we describe a cat with PNLS associated with

mammary carcinoma when four subcutaneous small
nodular lesions of 0.3-0.5 cm in diameter were detected
in the right axillary region. The cat had been spayed at
the age of 5 years. The cat was brought to a referring
veterinarian 4 months previously with two masses
located in the inguinal and abdominal left mammary
glands. A double chain mastectomy with removal of the

recurrent tubulopapillary mammary carcinoma, diag-
nosed through immunohistochemistry using granulo-
cyte-macrophage colony-stimulating factor (GM-CSF).
To our knowledge, there are no previous reports con-
cerning this rare syndrome secondary to mammary car-
cinoma in cats.

Case description
A spayed 12-year-old female domestic shorthair cat
weighing 4.3 kg was evaluated with suspected recurrent
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axillary and inguinal lymph nodes was performed by
the referring veterinarian. Tubulopapillary mammary
carcinoma with metastasis to the axillary lymph node
was subsequently diagnosed.

On presentation 4 months later at the veterinary hos-
pital of the Sao Paulo State University, the cat was bright,
alert, responsive and in good body condition. The diag-
nostic plan included a complete blood count (CBC),
serum biochemical panel, abdominal ultrasound and
thoracic radiographs. No evidence of metastasis was
reported in the image analysis, and the blood test results
were also within reference intervals (day 0). Surgical
removal of the tumor was performed. The histopathol-
ogy result was consistent with recurring tubulopapillary
mammary carcinoma. After the procedure a single dose
of cefovecin (8 mg/kg SC, Convenia; Pfizer) was admin-
istered, and a 5 day regimen of tramadol (2 mg/kg PO
q8h) and meloxicam (0.1 mg/kg PO q24h) was pre-
scribed. Ten days after surgery the cat was evaluated and
a chemotherapy protocol was recommended involving
doxorubicin associated with cyclophosphamide (doxo-
rubicin 1 mg/kg IV every 3 weeks and cyclophospha-
mide 200 mg/m? divided over days 2, 3, 4 and 5).°
During the second session, routine CBC showed moder-
ate leukocytosis with neutrophilia (28,400 leukocytes/ul
with 83% neutrophils). The physical examination
revealed no abnormalities, and a normal healing process
was observed. Thus, a second prophylactic dose of cefo-
vecin (Convenia; Pfizer) was administered, as the daily

administration of oral medication was difficult for the
owner.

After the fourth session of chemotherapy (day 95) the
owner reported weight-bearing lameness of the right
frontlimb. Physical examination revealed a new nodule
on the right axillary region, measuring approximately 2
cm in width and 1 cm in length. The animal lost weight
(body weight 3.6 kg) and a normal body temperature
was recorded (39.1°C). The lameness observed in the
right frontlimb was believed to reflect local invasion of
the mass in the axillar region. CBC showed significant
leukocytosis (39,500 leukocytes/pl with 86% neutro-
phils), with no evidence of left shift (395 bands/pl) and
thrombocytosis (683 X 10° cells/ul). The biochemical
profile was normal, and the thoracic radiographs showed
no evidence of lung metastasis. Physical examination
revealed no signs of infection; however, amoxicillin and
clavulanic acid (Clavamox; Pfizer) (20 mg/kg PO q12h
for 7 days) and analgesic therapy with tramadol (Dorless
V; Agener Unido) (2 mg/kg PO q8h) were administered.

Considering the poor response, the chemotherapy
protocol was changed. A carboplatin/gemcitabine mixed
protocol was initiated (carboplatin 10 mg/kg IV every 3
weeks and gemcitabine 2 mg/kg on days 0, 7 and 21).1

During the following weeks, a gradual and severe
increase in the total number of leukocytes with severe
neutrophilia (77,700 leukocytes /ul with 71% neutrophils
and 9% bands) were observed, in addition to an increase
in the size of the axillary mass (Table 1).

Table 1 Sequential complete blood count in a cat with paraneoplastic neutrophilic leukocytosis syndrome. Day O
represents the day upon presentation to oncology service at Sao Paulo State University (UNESP). A gradual increase
in the neutrophil count and size of the mass was evident over time

*Rls were taken from Laboratory of Veterinary Clinic Pathology, UNESP Campus of Jaboticabal

Size of the mass measured at its greatest diameter
RI = reference interval; PCV = packed cell volume
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Upon physical examination during the follow-up
period the animal was not febrile. The diagnostic plan
included CBC, blood biochemical profile, urinalysis,
radiographs and abdominal ultrasound. The images and
blood test results showed no evidence of infection.
Nevertheless, to exclude bacterial infection, treatment
with metronidazole (20 mg/kg PO q12h) and cefalexin
(22 mg/kg PO ql2h) was administered. No clinical
improvement was observed after 9 days of therapy, and
a higher number of neutrophils were present (111,200
leukocytes/ul with 86% neutrophils and 3% bands).
Therefore, infection was ruled out and antibiotic therapy
was suspended.

Bone marrow aspiration was subsequently performed.
Cytology analysis revealed a high number of myeloid
cells, without any signs of cellular atypia. Additionally,
an increased myeloid-to-erythroid ratio (M:E) was

observed, resulting from hypercellularity in the myeloid
cell linage. Based on these results and the absence of bone
marrow neoplasia, paraneoplastic leukocytosis was
highly suspected. To confirm this suspicion, an incisional
biopsy of the right axillary mass was performed.

The histopathology results confirmed recurrent tubu-
lopapillary carcinoma (Figure 1). Immunohistochemical
staining was positive for cytokeratin (AE1/AE3) in the
majority of the neoplastic epithelial cells, some (25%)
stained positive for vimentin and there was a diffuse
positive expression for GM-CSF observed in 90% of epi-
thelial cells, favoring the diagnosis of PNLS secondary to
recurrent tubular mammary carcinoma.

Upon final diagnosis, amputation of the right
frontlimb with complete removal of the mass was sug-
gested; however, the owner decided to euthanize the cat
and necropsy was not authorized.

Figure 1 Histopathology and immunohistochemistry of feline mammary neoplasia. (a) A malignant epithelial population is
observed with intraluminal proliferation of epithelial cells, showing moderate anisokaryosis and the presence of large nucleoli
(arrow) (hematoxylin and eosin, X 20). (b) Strong positive immunohistochemistry expression of malignant epithelial cells
(cytokeratin immunohistochemistry stain AE1/AE3, X 40). (c) Positive immunohistochemistry expression of stromal components
and some epithelial cells for vimentin. Despite this, no loss of cytokeratin expression in epithelial cells was observed, and
some cells showed the heterogeneous expression of this protein (vimentin immunohistochemistry stain, X 40). (d) Positive
diffuse immunohistochemistry expression of malignant epithelial cells (granulocyte-macrophage colony-stimulating factor

immunohistochemistry stain, X 40)
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Discussion

In cats, PNLS has been reported secondary to squamous
cell lung carcinoma and dermal adenocarcinoma. Herein,
we described an uncommon case of PNLS in a cat sec-
ondary to recurrent tubulopapillary carcinoma as the
tirst description of PNLS secondary to a malignant mam-
mary tumor in cats; however, a previous diagnosis of an
apocrine gland tumor with PNLS has been described
and as mammary tissue is apocrine glandular tissue
there could be a similar PNLS response.”

According to Stockham,!! there are three major causes
of neutrophilic leukocytosis in cats: inflammation, ster-
oid and excitement responses. Nonetheless, other impor-
tant causes have also been described, including
immune-mediated disorders, necrosis, bone marrow
neoplasia and paraneoplastic syndrome.3!2 In this case,
infection was ruled out as there were no typical signs of
infection and the total neutrophil count was not altered,
even after antibiotic therapy. The animal was not febrile,
and radiographic and ultrasound examinations revealed
no abnormalities. The sustained and dramatic neutro-
philia without significant lymphocytosis ruled out phys-
iologic responses because lymphocytosis is a prominent
feature of the feline excitementresponse.!! Corticosteroids
were not administered to the animal; thus, a steroid
response as the cause of neutrophilia was also excluded.

Neutrophils play an important and active role in
autoimmune disorders.!®> Autoimmune diseases are gen-
erally recognized by the presence of other alterations,
such as regenerative anemia, polyarthritis, skin lesions
and other organ system dysfunctions.” These alterations
were not present in the animal described in the present
study. Additionally, leukocytosis due to necrosis was
also excluded, as this condition was not observed upon
histologic evaluation of the mass.

The empiric antibiotic therapy used in an immuno-
suppressed animal after chemotherapy has the potential
risk of developing antibiotic-resistant bacterial strains.
Bacterial culture of the tissue to determine bacterial
infection should be done, but in this case no material
was available for culture.

The results of the bone marrow evaluation were com-
patible with granulocytic hyperplasia. The primary differ-
ential diagnosis was chronic myeloid leukemia (CML),
characterized by an increase in the total number of mature
neutrophils in the blood in response to the increased pro-
duction of these cells in bone marrow and, typically, this
excessive production occurs in response to an autono-
mous bone marrow stimulus.! However, as demon-
strated in this case of PNLS, the malignant tumor cells
secrete granulocyte colony-stimulating factor (G-CSF) or
GM-CSF that excessively stimulates the bone marrow.
Thus, bone marrow examination would not be helpful in
the discrimination of CML from PLNS, as both of these
diseases stimulate bone marrow and produce marked
granulocytic hyperplasia with an increased M:E ratio.!14

The precise origin of PNLS in medicine is not readily
understood; however, in dogs and cats the production of
G-CSF or GM-CSF from tumor cells might represent a
potential mechanism.? PCR and immunohistochemistry
have been used as confirmatory methods of the positive
expression of these proteins from tumor cells.?” In this
case, immunohistochemical staining for GM-CSF con-
firmed PNLS.

The overexpression of vimentin in neoplastic epithe-
lial cells has been associated with the phenotypic trans-
formation of malignant epithelial cells into mesenchymal
cells, known as the epithelial-mesenchymal transition
(EMT), which increases the invasiveness and metastatic
potential of malignant epithelial cells.!51¢ In feline mam-
mary carcinoma, EMT has been associated with an inva-
sive phenotype.!”

The resolution of severe leukocytosis in PNLS is
achieved after the complete excision of the tumor in cases
with no evidence of metastatic masses.*> In one of the
two cases reported in cats, the total number of leukocytes
returned to normal values within 6 weeks of removing
the pulmonary squamous cell carcinoma.’ Thus, the com-
plete removal of the tumor is the only treatment reported
for PNLS in veterinary medicine. Nevertheless, we
believe that other therapeutic modalities like radiother-
apy, although not yet described, should have the same
effect as complete removal. Unfortunately, this therapy
was not available for this cat.

In the case presented herein, severe leukocytosis was
observed for several weeks and aggressive surgery was
proposed after final diagnosis; however, the cat was
euthanized at the request of the owner. PNLS, though
rare, could be associated with recurrent mammary
tumors in cats, and should be considered in the differen-
tial diagnosis of severe neutrophilia in cats presenting
mammary masses.

Conclusions

This report describes a unique syndrome of PNLS asso-
ciated with mammary carcinoma in the cat.
Immunohistochemical expression of GM-CSF in the
tumor and the absence of systemic infection support the
neoplastic process as the cause of the leukocytosis.
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