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ABSTRACT

Background: Hemostatic alterations are commonly detected in canine cancer patients. However, few studies have described
hemostatic dysfunction in dogs with different tumor subtypes. In Veterinary Medicine, the state of hypercoagulability is
hardly diagnosed alive, since laboratory exams for evaluate hemostatic function are not always requested. Due to impor-
tance of homeostatic disorders in cancer patients, this study aimed to evaluate hemostatic alterations such as platelet count,
activated partial thromboplastin time (aPTT), prothrombin time (PT) and fibrinogen in tumor-bearing dogs.

Materials, Methods & Results: From the 55 dogs evaluated, 30 had mammary carcinoma, 6 visceral hemangiosarcoma,
9 high-grade cutaneous mast cell tumor and 10 multicentric lymphoma. The results were compared to a control group
composed by 10 Beagle dogs. Thrombocytosis was observed in 26.6% (8/30) of mammary carcinoma group and thrombo-
cytopenia in 10% (3/30). The patients with hemangiosarcoma and mast cell tumor did not reveal thrombocytosis, however,
thrombocytopenia was present in 16.6% (1/6) and 33% (3/9), respectively. Three dogs with multicentric lymphoma showed
thrombocytopenia and other three showed thrombocytosis. From patients with thrombocytosis, one was classified as severe
thrombocytosis (1077 x 103/uL). Therefore, there were no statistically significant associations between neoplasia group with
control group (P > 0.05). Regarding the aPTT and PT evaluation, mammary carcinoma (P = 0.0005), hemangiosarcoma (P
=0.033) and mast cell tumor (P = 0.012) patients showed statistical difference for aPTT, while the evaluation for PT was
not significant (P > 0.05). We grouped all patients as a “tumor group” and compared to the control group. It was possible
to observe increased aPTT and PT in 89% (49/55) and 50.90% (28/55) respectively, in tumor group compared to normal.
A total of 47.27% (n = 26) of the patients with tumors presented increased aPTT and PT concomitantly. In the present
study, 14.54% of the patients presented elevated levels of fibrinogen associated with increased aPTT. However, only the
mast cell tumor group was statistically significant (P = 0.043).

Discussion: Hemostatic alterations can be found in dogs with cancer and when these alterations occurs, can be directly
associated with tumoral non-invasive actions called as paraneoplastic syndrome. However, the hemostatic paraneoplastic
syndrome is poorly reported in veterinary medicine, with limited number of papers describing this condition. Our results
indicated that the presence of thrombocytosis in patients with tumors could be related with the production of granulocyte-
macrophage colony stimulating factors (GM-CSF) and IL-6 by tumor cells. A total of 26 patients with tumors presented
increased aPTT and PT concomitantly, confirming that hemostatic dysfunction is a common alteration in dogs with neoplasia.
However, despite alterations in coagulation parameters, there were no clinical manifestations of bleeding such as petechial
or bruising in these patients. The increased fibrinogen and aPTT can be caused by a systemic inflammatory reaction medi-
ated by pro-inflammatory cytokines produced by tumors cells. Based on that, 14.54% of the animals presented elevated
levels of fibrinogen associated with elevated aPTT suggesting that these patients are associated with systemic inflamma-
tion and tumor progression. This study suggested that bearing-tumors patients shows important hemostatic dysfunctions,
elucidating the clinical importance of these results in veterinary medicine.
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INTRODUCTION

Hemostatic dysfunction is a common disorder
in human patients with neoplasia, who often present
clinical signs of venous thromboembolism (VTE),
pulmonary thromboembolism (PTE), or disseminated
intravascular coagulation (DIC) [4,29]. In dogs, neo-
plasia has been associated with PTE, although this
condition is rarely diagnosed in lifespan [13,15,16].
As in human medicine, DIC has been reported in
veterinary medicine, such in metastatic mammary
carcinoma [20], acute lymphoblastic leukemia [21]
and hemangiosarcoma [11].

According to Andreasen et al. [1], subclinical
hemostatic alterations associated with neoplasia appear
to be common in dogs. One previous study found that
83% of dogs affected by neoplasia presented altera-
tions in coagulation parameters and 36% presented
thrombocytopenia [19].

Although hypercoagulability and thromboem-
bolism are common in tumor-bearing dogs, hypoco-
agulability and hemorrhage occur less frequently [5].
Despite the importance of the diagnosis of hemostatic
disorders, some of the patients who underwent a tumor
surgical resection, although asymptomatic, may have
subclinical thromboembolism or DIC and present un-
expected complications, including hemorrhage, which
can be fatal [1,5,14]. Considering the importance and
complexity of the hemostatic mechanism in dogs with
malignant neoplasia, this study aimed to evaluate the
coagulogram by counting platelets, aPTT, PT and
fibrinogen in tumor-bearing dogs.

MATERIAL AND METHODS

Study population

This was a prospective observational study
carried out at the Veterinary Hospital which 55 dogs
with a mean age of 9.6 (+ 3.14) years were studied,
being 44 females and 11 male dogs. The dog breeds
were American Pitbull (n = 6), Rottweiler (n = 4),
Boxer dog (n = 3), Cocker Spaniel (n=2) (N =2), Bull
Terrier (n = 2), Pinscher (n = 1), Belgian Shepherd (n
= 1), Brazilian terrier (n = 1), Dalmatian dog (n = 1),
Teckel (n = 1), Fox Terrier (n = 1) and Border Collie
(n = 1). As a control group, 10 healthy Beagle adult
dogs from were used.

In order to evaluate the influence of each tu-
mor type on hemostatic parameters, the animals were

grouped according to tumor histological type: mam-
mary carcinoma (n = 30), hemangiosarcoma (n = 6),
cutaneous mast cell tumor (n = 9) and multicentric
lymphoma (n= 10). The diagnosis was obtained by
histopathological examination. Patients previously
treated with non-steroidal anti-inflammatory drugs,
corticosteroids or antineoplastic chemotherapy were
excluded from this study.

Blood samples

Blood specimen collection was performed
prior to therapeutic or surgical treatment. Total blood
was collected from the jugular vein. For hemostatic
parameters, the blood was packed in tubes contain-
ing sodium citrate at a ratio of 1: 9, and also in tubes
containing EDTA (ethylenediaminetetraacetic acid)
intended for platelet counting. Immediately after col-
lection, the samples were centrifuged at 1500 g for
15 min.

Coagulation tests

Platelet counts were performed using an auto-
matic cell counter (BC 2800VET, Mindray). To verify
the acuity of the counting by the apparatus, blood stains
were stained using panoptic' and were analyzed by
light microscopy (increase of 100x) by the same ob-
server. The PT, aPPT and the fibrinogen dosage were
performed using a coagulometer (COAG 1000)?, using
reagents from the same brand of the device, according
to the manufacturer’s recommendations.

Statistical analysis

For statistical propose, all hemostatic param-
eters (tumor groups vs control) were compared with
the reference values described by Thrall et al. [37] and
were divided into two groups: “normal” when reference
value is according with the reference and “altered”
when de values are over or down compared to the
reference. Then, the platelet, aTTP, PT and fibrinogen
results were submitted to contingency analysis by the
Fisher exact test between the tumor groups and the
control group. For the analysis, the GraphPad Prism®
program (version 6.0) was used, with a significance
level of 5%.

RESULTS

The percentage values of each hemostatic
parameter of the dogs affected by neoplasms are de-
scribed in Table 1. The mammary carcinoma group,
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presented a platelet count mean of 389.43 (+ 149.93)
x 103 / pL, with thrombocytosis in 26.6% (n = 8) of
the cases and thrombocytopenia in 10% (n = 3). In
dogs with hemangiosarcoma and cutaneous mast cell
tumors, thrombocytosis was not observed, but throm-
bocytopenia was present in 16.6% (n = 1) of the dogs
with hemangiosarcoma and 33% (n = 3) in dogs with
cutaneous mast cell tumor.

Three dogs (3/10) with multicentric lymphoma
presented thrombocytopenia and other three (3/10)
presented thrombocytosis, one case being considered
as severe thrombocytosis (1077 x 103/ uL). However,
there was no statistical difference between each tumor

Table 1. Results of haemostatic alterations of 55 dogs bearing tumors.

group when compared to the control group (P > 0.05).
Dogs with mammary carcinoma (P = 0.0005), hem-
angiosarcoma (P = 0.033), and cutaneous mast cell
tumor (P = 0.012) presented a difference between the
means of aPTT, but there was no statistical difference
for PT between each tumor group when compared to
the control group (P > 0.05) [Figures 1 and 2].

There was no statistical difference between
the mammary carcinoma, hemangiosarcoma and lym-
phoma groups when compared to the control group for
fibrinogen levels. However, for the cutaneous mast cell
tumors group, we found a higher fibrinogen levels in tu-
mor group compared to normal (P =0.043) [Figure 3].

Neoplasias % normal range % below % above
Mammary carcinoma (n = 30) Parameters® % N % N %
Platelet count (x 103/uL) 200-500 19 63.3 3 10 8 26.6
aPTT (s) 9-11 1 35 1 3.5 26 92.85
PT (s) 6.4-7.4 6 22.2 5 18.5 16 59.25
Fibrinogen (mg/dL) 100-500 16 57.14 9 32.14 3 10.71
Hemangiosarcoma (n = 6)
Platelet count (x 103/uL) 200-500 5 83.3 1 16.6 0 0
aPTT (s) 9-11 0 0 0 0 6 100
PT (s) 6.4-7.4 1 16.6 3 50 2 333
Fibrinogen (mg/dL) 100-500 4 66.6 1 16.6 1 16.6
Mast cell tumor (n =9)
Platelet count (x 103/uL) 200-500 6 66.6 3 333 0 0
aPTT (s) 9-11 0 0 0 8 100
PT (s) 6.4-7.4 1 12.5 2 25 5 62.5
Fibrinogen (mg/dL) 100-500 3 37.5 3 37.5 2 25
Lymphoma (n = 10)
Platelet count (x 103/uL) 200-500 4 40 3 30 3 30
aPTT (s) 9-11 1 10 0 0 9 90
PT (s) 6.4-7.4 3 30 2 20 5 50
Fibrinogen (mg/dL) 100-500 5 50 3 30 2 20

aPTT: activated partial thromboplastin; PT: prothrombin time. *Baker DC. Diagnosis of disorders of hemostasis. In: Veterinary hematology

and clinical chemistry. [2].
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Figure 1. Graphical representation of activated partial thromboplastin (aPTT) in dogs with different tumors. A- There is a significant difference of aPTT
between the control group and mammary carcinoma (P = 0.0005). B- Significant alteration of aPTT between the control and mast cell tumor groups (P
=0.012). C- Significant alteration in aPTT between the hemangiosarcoma and control group (P = 0.023). D- There was no significant difference between

the control and lymphoma groups (P = 0.057).
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Figure 2. Graphical representation of prothrombin time (PT) in dogs with different tumors. There was no significant difference between the different

tumors group and control (P > 0.05).
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Figure 3. Graphical representation of fibrinogen in dogs with different tumors. There is no significant difference in fibrinogen in the mammary carcinoma,
hemangiosarcoma and lymphoma groups compared to control group (A, C, D). There is a significant alteration in fibrinogen in mast cell tumor group

compared to control [P = 0.043] (B).

DISCUSSION

Hemostatic alterations can be found in dogs
with cancer and when these alterations is directly as-
sociated with tumor non-invasive actions is called as
paraneoplastic syndrome. Human patients affected
by different tumors subtypes can show 58-98% of
hemostatic alteration evidenced in laboratory tests
[8]. The hemostatic paraneoplastic syndrome is well
documented in human medicine, however, in Vet-
erinary Medicine; there is a limited number of papers
describing this condition. According to the previous
literature [18,23], thrombocytosis is commonly as-
sociated with neoplastic processes. However, a very
accurate approach need to be performed to associate
the hemostatic alteration as a tumor non-invasive ac-
tion. Our results indicated presence of thrombocytosis
in 20% (11/55) of the subjects with neoplasia. This
result was higher than the previously reported inci-
dence of 4.5% and 8.5% [11,23]. Studies in humans
have shown that carcinoma-associated thrombocytosis
may be related to the tumor production of granulocyte-
macrophage colony stimulating factors (GM-CSF) and
IL-6 [3,36]. Our research group previously reported a
paraneoplastic leukocytosis in a cat with mammary
gland carcinoma expressing GM-CSF [12].

On the other hand, a study evaluated 2,059
dogs with different tumors subtypes and detected
thrombocytopenia in only 10% of the animals, most
frequently observed in cases of lymphoid neoplasms,
carcinomas and sarcomas [10]. Other study has shown
that hypercoagulability, thrombocytosis and increased
fibrinogen were the most common findings in dogs
with carcinoma when compared to healthy dogs [30].

The previous literature has been reporting a
platelet interaction with tumor cells to promote me-
tastasis. Thus, correlating thrombocytosis with poor
prognosis in human patients with various neoplasms
such as colon, breast, lung, gastric, brain and ovarian
tumors [9,34,39].

It was possible to observe augmentation of aPTT
and PT in 89% (49/55) and 50.90% (28/55) respectively,
in tumor group compared to normal. A total of 47.27%
(n=26) of the dogs with neoplasms presented increased
aPTT and PT concomitantly, confirming that hemostatic
dysfunction is a common alteration in dogs with neopla-
sia, as other studies have reported [ 1,32]. However, despite
changes in coagulation parameters, there were no clinical
manifestations of bleeding such as petechial or bruising in
these patients. Similar results were observed by Stockhaus
et al. [32] that despite the high incidence of changes in
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coagulation parameters, the clinical manifestation of
bleeding was not observed frequently. The incidence
of hemostatic dysfunction (increased aPTT and PT) in
female dogs with mammary carcinoma [32] was similar
to our results.

The state of hypocoagulability has traditionally
been characterized by the increase of aPTT, observed
between 4.2-17% of dogs with malignant neoplasms
such as mammary carcinoma and lymphoma [1,14,32].
We also observed the increase of aPTT in 89% (49/55)
of dogs with malignant tumors, suggesting a state of
hypocoagulability. However, Kristensen et al. [14],
when performing TEG in dogs with increased aPTT,
surprisingly resulted in hypercoagulability, indicating
that when evaluated in isolation of hemostatic system
components, aPTT or other traditional coagulation
assays may erroneously indicate hypocoagulability.
Therefore, TEG is the most appropriate test to evaluate
the true state of hypocoagulability, since it involves
the interaction of all hemostasis cells and proteins, but
future prospective studies including a large number
of animals with hypocoagulability and correlation of
the results with the TEG allied to the clinical signs of
bleeding are necessary.

The mean values of fibrinogen observed in
the mast cell tumor and control groups corresponded
respectively to 249 mg/dL (+ 211) and 240 mg/dL
(£ 26.13). It is known that fibrinogen is an essential
hemostatic factor presenting important function in the
coagulation system and tumor angiogenesis [31], and
its alteration is associated with tumor progression, me-
tastasis and survival in human patients [26-28,35]. Itis
reported that the increase of fibrinogen combined with
other hemostatic alterations such as augmentation of
the aPTT is a result of a systemic inflammatory reaction

mediated by pro-inflammatory and tumor processes
[6,17,38]. In the present study, 14.54% of the animals
presented elevated levels of fibrinogen associated with
elevated aPTT, corroborating the previously mentioned
studies, suggesting that these patients are associated
with systemic inflammation and tumor progression.
This fact has been observed in other studies, evidencing
hyperfibrinogenemia in female dogs with mammary
carcinoma at an advanced stage of the disease [1,32].
Another study observed an increase in fibrinogen
levels in 87% of dogs with carcinoma, lymphoma
and sarcoma [24], higher values of the present study.
The results of this research indicate that the patients
with malignant tumors present important hemostatic
alterations. Thus, it is suggested that all cancer patients
should be submitted to evaluation of hemostasis, since
many patients may present a subclinical DIC stage
without evident clinical signs of thromboembolism
and / or hemorrhage.
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