The prevalence of intra-tumoral and distant thrombi, as well as

tumor-cell emboli in canine neoplasia

Paolo Pazzi'", Anri Celliers?, Elizabeth C. du Plessis?, Annemarie T. Kristensen?,
Amelia Goddard’

"Department of Companion Animal Clinical Studies, Faculty of Veterinary Science,
University of Pretoria, Pretoria, South Africa

2Division of Pathology, IDEXX Laboratories, Kyalami, South Africa

3Department of Veterinary Clinical Sciences, Faculty of Health and Medical Sciences,

University of Copenhagen, Copenhagen, Denmark

*Correspondence to Paolo Pazzi, Department of Companion Animal Clinical Studies, Faculty
of Veterinary Science, University of Pretoria, Pretoria 0110, South Africa. Email:

paolo.pazzi@up.ac.za

Disclaimers

None

Funding
The author(s) received no financial support for the research, authorship, and/or

publication of this article.

Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the research,
authorship, and/or publication of this article.

Data availability statement
The data that support the findings of this study are available from the corresponding

author upon reasonable request.



Abstract

Macroscopic thromboembolic disease has been associated with canine neoplasia,
whereas prevalence studies of concurrent microthrombi and tumor-cell emboli are
lacking.

This retrospective study investigated microthrombi and tumor cell emboli by
reviewing pathology records of dogs diagnosed with lymphoma, sarcoma, carcinoma
and mast cell tumors with a concurrent description of thrombi or emboli. Pathology
reports and medical records of cases with either tumor biopsies and/or post mortems
with a diagnosis of neoplasia were reviewed for the presence of microthrombi,
macrothrombi and/or tumor-cell emboli and the association with tumor type.

Of the 28895 canine cases in the database, 21252 (73.5%) were antemortem
biopsy specimens and 7643 were post mortems (26.5%); 2274 solid tumors were
identified, 2107 (92.7%) were antemortem biopsy diagnoses and 167 (7.3%) were
post mortem diagnoses. The prevalence of solid tumor types in the database (28895
cases) was 872 (3.0%) lymphoma, 722 (2.5%) sarcoma, 455 (1.6%) carcinoma and
225 (0.8%) mast cell tumor. The prevalence of microthrombi associated with these
tumors was 58/2274 (2.6%). Intra-tumoral microthrombi were reported in 53/2274
(2.3%) cases, the majority in sarcomas (37/53, 69.8%). No macrothrombi were
reported. Tumor-cell emboli were identified in 39/2274 (1.7%) cases, 31/39 (79.5%)
were extra-tumoral or distant emboli, and carcinoma the most commonly associated
tumor (29/39; 74.4%).

Microthrombi were reported in 2.6% of cases, the majority in sarcomas and
tumor-cell emboli were identified in 1.7% of cases, the majority carcinomas.
Prospective investigations are necessary to explore the potential clinical and

prognostic implications of microthrombi and tumor-cell emboli in canine neoplasia.
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1 Introduction

Thrombosis is the pathologic formation of a thrombus within blood vessels in tissues
and organs. Parts of the formed thrombus may fragment, resulting in emboli
circulating and lodging, leading to obstruction of blood flow at distant locations.
Thromboembolic disease is commonly reported as secondary to underlying
illnesses.! In dogs, associated illnesses include immune-mediated hemolytic anemia,
protein-losing diseases, neoplasia, infectious diseases and a combination of multiple
concurrent diseases or factors.2?

Approximately 10-15% of human cancer patients develop clinical evidence of
thromboembolism, with fatal pulmonary embolism being three times more common
in cancer patients than in patients without cancer.*® Additionally, surgery,
pregnancy, chemotherapy (including cisplatin, fluorouracil, L-asparaginase and
corticosteroids), age and prolonged bed rest amongst others, have been shown to
be risk factors for thrombosis in people.”8 In contrast, inflammation, protein-losing
states, as well as excessive endogenous or exogenously administered
corticosteroids, are more commonly recognised predisposing factors for thrombosis
in dogs, while tumors are only associated with clinical macrothrombosis in a subset
of dogs.® Tumors are common in dogs with incidence rates ranging from 310 to 958
cases per 100,000 dogs annually.'® Approximately 16.5% of all deaths in dogs are
attributed to neoplasia,'" with the four most common canine solid tumor types being
lymphoma, sarcoma, carcinoma and mast cell tumors.'?

Microvascular thrombosis (microthrombi) are accumulations of fibrin and
platelets into a thrombus-like structure within microscopic blood vessels that remain
adherent to the blood vessel wall after tissue collection and processing and are only
visible upon microscopic tissue evaluation. Vessel injury and dysregulation of the
hemostatic and inflammatory pathways may result in microthrombus formation. If the
initiating process is not eliminated or controlled, macrothrombosis may occur through
a combination of events such as increased procoagulant elements, inhibition of
anticoagulation mechanisms and inhibition of fibrinolysis.’®'* The pathogenesis of
cancer-associated coagulopathy is complex and involves tumor cell expression of
procoagulant proteins including tissue factor, proangiogenic and growth stimulating
factors, tumor neo-vascularization, shedding of procoagulant microparticles and

inflammatory cytokines.'®-'® Microthrombi have been documented in tumor tissue of



dogs with gliomas (63%), meningiomas (66%) and mammary gland tumors (57%)."%
21 Experimentally induced pulmonary microthrombi have been reported to result in
significant vascular injury and vessel permeability changes resulting in severe lung
injury.?2-2* Microthrombi cannot be substantiated clinically as no single coagulation
test is predicative for the detection of microthrombi.

Macroscopic thromboembolic disease (macrothrombi) of the pulmonary, portal
and splenic vasculature as well as in the aorta and cranial vena cava has been
associated with tumors in dogs.?5-3' Macrothrombi may be subclinical or result in
clinical disease ranging from respiratory failure, cerebrovascular hypoxia or organ-
associated failure dependant on the site of thromboembolic disease.® D-dimers have
been identified as the most promising assay associated with the presence of
macrothrombi, but a negative D-dimer is most commonly used to rule out thrombotic
disease while other coagulation assays, including thromboelastography, have shown
variable results.32-34

Tumor-cell emboli, defined as tumor cells in local tumor or distant blood
vessels or lymphatics, is associated with a poorer prognosis in a number of canine
cancers due to its association with metastasis.35-3° Components of hemostasis,
specifically the formation of platelet-tumor-cell emboli and subsequent local tissue
hypoxia, play an essential role in metastasis, supporting the potential role of the
detection of thrombi and tumor-cell emboli for the purpose of prognostication.40-43

The objectives of this retrospective study were to determine, within the study
population, the prevalence of microthrombi, macrothrombi, and tumor-cell emboli
reported in either tumor biopsy or post mortem reports in canine cancer patients with
lymphoma, sarcoma, carcinoma and mast cell tumors; and determine the association
of thrombosis and tumor-cell emboli with each tumor type. The findings of this study
may contribute to our understanding of the pathogenesis of hemostatic disorders
observed in canine cancer patients as well as our understanding of the role of
thrombus formation and tumor-cell emboli in metastasis in dogs allowing initiation of
early antithrombotic or chemotherapeutic intervention and potentially altering the

course or duration of the disease process.



2 Materials and Methods

2.1 Case Selection

This retrospective descriptive cross-sectional study evaluated all canine tumor
tissue samples submitted for antemortem histological examination (antemortem
biopsy group) or post mortem (post mortem group), submitted to (*removed for
review) from September 2013 to April 2019. This study was approved by the
(*removed for review).

The (*removed for review) pathology database was searched for keywords
‘lymphoma”, “sarcoma”, “carcinoma” and “mast cell tumour” to determine the number
of cases in the case population. The identified case population was then searched
using the keywords “thrombi”, “thrombosis”, “thrombus”, “emboli” and “embolic” to
determine prevalence of thromboemboli in the case population. The term “infarction”
was specifically not used for the case search as causes other than thromboembolic
disease may result in infarction.

Cases were excluded if a keyword was mentioned in the pathology report but
thromboembolic disease was not present or evident based on the report, or if there
was insufficient information in the pathology report to determine the type of tissue
submitted, disease process or final diagnosis for the case.

For cases matching the search criteria, microthrombi were defined as a mesh
of cross-linked fibrin protein into a thrombus-like structure within microscopic blood
vessels, with varying amounts of aggregated platelets, white blood cells and red
blood cells, identified on histopathology of tissues examined. A blood clot would be
washed away during tissue processing, while thrombi will not. Macrothrombi were
defined as visible and palpable thrombi within macroscopically visible blood vessels
identified during post mortem examination and confirmed on histopathology to be a
mesh of cross-linked fibrin protein with varying amounts of aggregated platelets,
white blood cells and red blood cells. Tumor-cell emboli were defined as the
histological presence of neoplastic cells within the vasculature or lymphatic vessels
of the tissues examined. The site of thrombi or tumor-cell emboli were defined as
intra-tumoral if the thrombi or tumor-cell emboli were identified within the vasculature
or lymphatic vessels of the tumor. Cases were identified as either antemortem
biopsy samples or post mortem samples. For the antemortem biopsy and post

mortem group, thrombi or tumor-cell emboli were classified as extra-tumoral if they



were identified in vasculature or lymphatic vessels draining the tumor within the
same tumor biopsy sample submitted for histopathology. For the post mortem group,
thrombi or tumor-cell emboli were classified as distant if they were identified in
vasculature or lymphatic vessels in an organ apart from the primary tumor during the
post mortem examination or histopathology evaluation of biopsy samples.

All antemortem biopsy samples and samples for histopathology from the post
mortem group were placed in 10% buffered formalin, underwent standard
haematoxylin and eosin (H&E) staining, and were evaluated by board-certified
pathologists. All post mortems were performed or supervised by a board-certified
pathologist. The tissues selected for histological evaluation by the pathologist in the
post mortem group were dependant on case-specifics and were pathologist-
dependant. Board-certified pathologists signed off on the pathology reports for all
cases.

The pathology report for each identified case was comprehensively reviewed
(by authors PP and AC) for the signalment of the dogs; presence of intra-tumoral,
extra-tumoral or distant microthrombi, macrothrombi or tumor-cell emboli; presence
of necrosis associated with microthrombi; final diagnosis; and the presence of
macroscopically visible metastasis to the draining lymph node or distant organs
(confirmed on histopathology) .

Comorbidities were identified from the post mortem report, and where
available, medical records. Comorbidities were defined as any concurrent disease
processes or conditions that were not the reason for submission of biopsy samples
or the reason for euthanasia or death.

The medical records, where available, were reviewed to identify temporal
therapeutic interventions known to interfere with hemostasis or contribute to
thrombus formation (i.e. heparin, non-steroidal anti-inflammatory drugs, anti-platelet
drugs, colloids, blood products, warfarin, corticosteroids, chemotherapeutics and

Vitamin Ky).44-48

2.2 Data Analysis

Statistical analysis was performed using a commercial software package (SPSS
Statistics version 25, IBM, New York, USA). From the canine pathology database,
the percentage biopsy samples and the percentage post mortem samples were

determined. The numbers of lymphoma, sarcoma, carcinoma and mast cell tumor



cases were determined and defined as the case population. The percentage of the
antemortem biopsies and post mortems was calculated and compared for the solid
tumor cases. The prevalence of diagnosis was calculated as the total number of
cases of a solid tumor type identified in the pathology database divided by the total
number of canine cases in the pathology database. Overall prevalence, and
prevalence for intra-tumoral-, extra-tumoral- and distant microthrombi, macrothrombi
or tumor-cell emboli were calculated for all solid tumors and each tumor type.
Prevalence, in the context of this study, refers specifically to the case population
used for this study, unless stated otherwise.

In addition, the following was calculated for the case population: 1) median
age, sex distribution and breed for cases with microthrombi, macrothrombi and
tumor-cell emboli; 2) frequency of association for each tumor type with microthrombi,
macrothrombi or tumor-cell emboli. The latter was calculated as the total number of
each solid tumor type with presence of microthrombi, macrothrombi and/or tumor-cell
emboli divided by the total number of each type of tumor type in the database; 3)
percentage of cases with necrosis and its association with microthrombi and tumor
type; and 4) comorbidities and therapeutic interventions associated with the solid

tumor-related microthrombi and macrothrombi.

3 Results

3.1 Study population
The database yielded 28895 submitted unique canine antemortem biopsy or post
mortem diagnoses of which 21252 (73.5%) were tissue antemortem biopsy samples
and 7643 (26.5%) were post mortem tissue samples.

Of the 28895 cases, the keyword “lymphoma”, “sarcoma”, “carcinoma” and
“mast cell tumour”, was identified in a total of 2274 cases (Figure 1). Of the 2274
cases, 2107 (92.7%) were antemortem biopsy diagnoses and 167 (7.3%) were post
mortem tissue diagnoses. The prevalence of diagnosis of the specific solid tumor
type in all retrieved tumor tissue samples (28895) was 872 (3.0%) for lymphoma,
722 (2.5%) for sarcoma, 455 (1.6%) for carcinoma and 225 (0.8%) for mast cell

tumor.
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Figure 1. The sequence of selection of cases and case numbers for each category of

thrombi and tumour-cell emboli

Of the total 2274 solid tumor cases identified, 128 satisfied the additional
inclusion criteria of one or more of the following keywords in the pathology report

” o« ” ” o«

“thrombi”, “thrombosis”, “thrombus”, “emboli” or “embolic”. Thirty one of the 128
cases were excluded for one of the following reasons: keyword of thrombi or emboli
mentioned in the pathology report but thrombi or emboli were not identified during
post mortem or histopathological examination (27) and insufficient information in the

pathology report (4) leaving a total of 97 cases for analysis.

3.2 Microthrombi
Of the 97 solid tumor cases, concurrent microthrombi were identified in 58 solid
tumor tissue samples, with an overall prevalence of 58/2274 (2.6%); 53/2274 (2.3%)
intra-tumoral and 5/2274 (0.2%) distant.

Of the 58 solid tumor tissue samples with identified microthrombi, 49 (84.5%)
were identified in antemortem biopsy samples. The prevalence of solid tumors with

microthrombi in the solid tumor antemortem biopsy group was 49/2107 (2.3%).



Nine of the 58 solid tissue samples (15.5%) were from samples collected
during post mortem. The prevalence of solid tumors with microthrombi in the solid
tumor post mortem group was 9/167 (5.4%). The prevalence of solid tumor samples
with microthrombi identified in the post mortem group was 2.3 times more than in the
antemortem biopsy group. Distant thrombi made up 5/9 (55.6%) of the microthrombi
in the post mortem group. The median age, sex distribution and breeds of the dogs
in the case population associated with concurrent microthrombi can be found in
Table 1.

Table 1. Signalment of dogs with tumors associated with microthrombi or tumor-cell emboli.

Median age (IQR) Sex Breeds
in years
Tumor and 9(7-12), N=43 FS: 17, Fl: 7, Total of 24 breeds: Labrador
concurrent MN: 11, MIl: 8 retriever (5), Boerboel (4), Jack
microthrombi Russel Terrier (4), Dachshund (4),

mixed breed (3), Border collie (2),
Pug (2), Golden Retriever (2),
Basset (2), German shepherd (2)
and 1 each of American Pitbull
terrier, Boxer, Sharpei, Rottweiler,
Belgian Malinois, Doberman,
Maltese poodle, Long haired
dachshund, Fox terrier, Irish
wolfhound, Italian greyhound,
Huskey, Chihuahua, Scottish terrier

Tumor-cell 10 (7-12), N =34 FS: 14, FlI: Total of 25 breeds: Boerboel (3),
emboli 11, MN: 4, Boxer (2), Labrador retriever (2),
MI: 5 Maltese poodle (2), Jack Russel

terrier (2), German shepherd (2),
Border collie (2), Rottweiler (2) and
one each of American Staffordshire
Terrier, Staffordshire bull terrier,
American Pitbull terrier, Wire haired
Fox Terrier, Bullmastiff, Cardigan
Corgi, Dachshund, Bull terrier,
Australian cattle dog, Sharpei,
Yorkshire terrier, Golden Retriever,
Basset, Standard Poodle, Boston
terrier, Miniature pinscher, Spaniel

N: number of dogs with available information; FS: female sterilised; FI: female intact; MN:
male neutered; MIl: male intact



Intra-tumoral microthrombi (53/58, 91.4%) were predominantly associated

with sarcomas (37/53; 69.8%), followed by carcinomas (8/53; 15.1%) and lymphoma

(8/53; 15.1%); intra-tumoral microthrombi were not associated with mast cell tumors

(Table 2). Hemangiosarcoma in various locations (24/37; 64.9%) made up the

majority of the sarcomas with intra-tumoral microthrombi.

Table 2. Category of tumor and specific tumor associated with intra-tumoral microthrombi.

Category of tumor

Tumor

Sarcoma (37)

Cutaneous hemangiosarcoma (16)

Splenic or hepatic hemangiosarcoma (4)

Right atrial hemangiosarcoma (2)

Appendicular skeletal osteosarcoma (2)

Anaplastic sarcoma (2)

Renal hemangiosarcoma (1)

S. lupi oesophageal osteosarcoma (1)

Extra-skeletal osteosarcoma (1)

Nasal chondrosarcoma (1)

Oral hemangiosarcoma (1)

Oral sarcoma (1)

Intestinal leiomyosarcoma (1)

Vaginal leiomyosarcoma (1)

Oral histiocytic sarcoma (1)

Cutaneous soft tissue sarcoma (1)

Soft tissue sarcoma (1)

Carcinoma (8)

Mammary carcinoma (2)

Nasal carcinoma (1), adenocarcinoma (1)

Thyroid adenocarcinoma (1)

Hepatocellular carcinoma (1)

Transitional cell carcinoma (1)

Anorectal adenocarcinoma (1)

Lymphoma (8)

Indolent B cell lymphoma (3)

B cell ymphoma (2)

T cell lymphoma (1)

Indolent T zone lymphoma (1)

Small cell lymphoma (1)

From the post-mortem group, distant sites of microthrombi included the lungs

(2), splenic vasculature (1), lymphatics (1) and nasal turbinates (1). Sarcomas

accounted for 3/5 (60%) of distant microthrombi in solid tumor cases (Table 3). No

extra-tumoral microthrombi were identified in the antemortem biopsy or post mortem

groups. Considering the sample prevalence, the frequency of association of all (intra-
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tumoral and distant) microthrombi with sarcoma, carcinoma, lymphoma and mast cell
tumor was 40/722 (5.5%), 9/455 (2.0%), 8/872 (0.9%) and 1/225 (0.4%) respectively.

Table 3. Site of distant microthrombi and the associated tumor.

Site of distant Tumor
microthrombi
Spleen (2) Osteosarcoma
Mammary haemangiosarcoma
Lung (1) Colonic sarcoma
Nasal turbinates (1) Renal carcinoma
Lymphatics (1) Mast cell tumor

Necrosis of the tumor with associated microthrombi was reported in 23/58
(39.7%) of cases. Sarcomas were primarily associated with necrosis and
microthrombi 16/23 (69.6%), followed by carcinoma 4/23 (17.4%) and lymphoma
3/23 (13.0%).

Of the 58 cases with tumor-associated microthrombi, information regarding
comorbidities was available in 36/58 (62.1%) of cases. Of these cases, specific
comorbidities were identified in 24/36 cases (66.7%) (Table 4). Nineteen of the
twenty-four cases (79.2%) with comorbidities identified were in the sarcoma group.
Three of the 24 (12.5%) cases with a comorbidity had distant thrombi.

Information on temporal therapeutic interventions was available in 32/58
(55.2%) cases. Seventeen of these cases had received therapeutic interventions at
the point of biopsy or prior to death, of which 10 (31.3%) received therapeutics
known to interfere with hemostasis, none received anti-cancer therapy
(Supplemental Table 1). The majority of cases, 22/32 (69%), did not receive
therapeutics known to interfere with hemostasis. Two of the 10 cases with a
therapeutic intervention known to interfere with hemostasis had distant thrombi.

Of the 58 cases with microthrombi and for which information regarding
comorbidities were known (36), a combination of more than one factor (comorbidity,
therapeutic intervention and/or the presence of necrosis associated with the tumor)
was identified 15/36 (41.7%) cases.

11



Table 4. Comorbidities identified in dogs with tumors and microthrombi.
*Cases with a comorbidity and distant microthrombi

Comorbidity

Primary tumor (submitted sample)

Neoplastic

Peri-anal gland carcinoma

Cutaneous haemangiosarcoma

Oral melanoma

Cutaneous haemangiosarcoma

Dermal malignant melanoma

Cutaneous haemangiosarcoma

Cutaneous mast cell tumor

Cutaneous haemangiosarcoma

Cutaneous melanoma and squamous cell
carcinoma

Cutaneous haemangiosarcoma

Cutaneous vascular hamartoma

Anorectal adenocarcinoma

Right atrial mass

Hepatic haemangiosarcoma

Inflammatory

Immune mediated haemolytic anaemia

Appendicular skeletal osteosarcoma*®

Chronic non-healing wound on paw with
osteomyelitis

Appendicular skeletal osteosarcoma

Intussusception Intestinal leiomyosarcoma
Pyometra Mammary carcinoma

Septic peritonitis Bladder transitional cell carcinoma
Cardiac

Stage B1 myxomatous mitral valve disease

Vaginal leiomyosarcoma

Myxomatous mitral valve disease (unstaged)

Cutaneous haemangiosarcoma

Renal

Acute kidney injury

Colonic sarcoma*

Combination of comorbidities

Hyperthyroid & hypertensive

Follicular thyroid adenocarcinoma

Anaemia

Cutaneous haemangiosarcoma

Previously diagnosed cardiac disease &
chronic bronchitis & renal insufficiency

Renal haemangiosarcoma

Stage C myxomatous mitral valve disease,
uveitis

Cutaneous haemangiosarcoma

Stage B2 myxomatous mitral valve disease,
abscess at tumor site

Soft-tissue sarcoma

Stage B2 myxomatous mitral valve disease,
marked haemorrhage around tumor

Anaplastic haemangiosarcoma of
inguinal/mammary region*

Miscellaneous

Haemabdomen

Splenic haemangiosarcoma

Haemoperitoneum and ancylostomiasis

Hepatocellular carcinoma

Pericardial effusion

Right atrial haemangiosarcoma
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3.3 Macrothrombi
No macrothrombi were described in any of the antemortem biopsy or post mortem
tissue samples in any of the cases diagnosed with sarcoma, carcinoma, lymphoma

or mast cell tumor.

3.4 Tumor-cell emboli

Tumor-cell emboli were identified in 39 tissue samples with a prevalence in the solid
tumor cases of 39/2274 (1.7%); 8/39 (20.5%) were intra-tumoral and 31/39 (79.5%)
were either extra-tumoral (26/31, 83.9%) or distant (5/31, 16.1%) tumor-cell emboli.

Of the 39 samples with emboli, 30 (76.9%) were from the antemortem biopsy
samples. The prevalence of tumor-cell emboli in the solid tumor antemortem biopsy
group was 30/2107 (1.4%).

Nine of the 39 samples (23.1%) were from the samples collected during post
mortem. The prevalence of solid tumors with tumor-cell emboli in the solid tumor
post mortem group was 9/167 (5.4%). The prevalence of tumor-cell emboli identified
in the post mortem group was 3.8 times more than in the antemortem biopsy group.

The draining lymphatics were the most common site of extra-tumoral cell
emboli (24/31; 77.4%), followed by the draining vasculature (2/31; 6.5%). Distant
sites of tumor-cell emboli included lung (5/31; 16.1%), with one of the five with
additional tumor-cell emboli identified in the kidney. Of the nine post mortem cases
with tumor-cell emboli, seven (77.8%) were identified with macroscopically visible
metastasis in the draining lymph node or a distant organ (Table 5). The median age,
sex distribution and breeds associated with tumor-cell emboli can be found in Table
1.

Tumor-cell emboli were predominantly associated with various carcinomas
(29/39; 74.4%), followed by sarcoma (8/39; 20.5%), lymphoma (1/39; 2.6%) and
mast cell tumor (1/39; 2.6%) (Table 5). Considering the sample prevalence, the
frequency of tumor-cell emboli associated with carcinoma was 29/455 (6.4%), 8/722
(1.1%) for sarcoma, 1/872 (0.1%) for lymphoma and 1/225 (0.4%) for mast cell

tumor.
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Table 5. Category of tumor, and specific tumor identified with tumor-cell emboli.
Category of tumor Tumor
Carcinoma (29) Mammary carcinoma (9)
Thyroid carcinoma (4)
Bronchial carcinoma** (2)
Transitional cell carcinoma (2)
Nasal carcinoma (1)
Pulmonary carcinoma® (1)
Prostatic carcinoma (1)
Squamous cell carcinoma (1)
Hepatocellular carcinoma (1)
Intestinal adenocarcinoma (1)
Large intestinal adenocarcinoma* (1)
Anorectal carcinoma (1)
Comedo-carcinoma (1)
Apocrine ductular adenocarcinoma (1)
Spindle cell carcinoma (1)
Sweat gland adenocarcinoma* (1)
Sarcoma (8) S. lupi oesophageal osteosarcoma** (2)
Haemangiosarcoma (bone) (1)
Right Atrial haemangiosarcoma* (1)
Cutaneous anaplastic sarcoma (1)
Oral (maxilla) osteosarcoma (1)
Botyroid rhabdomyosarcoma (1)
Histiocytic sarcoma (1)
Mast cell tumor (1) Cutaneous mast cell tumor (1)
Lymphoma (1) B cell lymphoma (1)
*Cases in the post mortem group with macroscopically visible metastasis (each * represents
one case).

4 Discussion
The overall prevalence of microthrombi in antemortem and post mortem tissue
samples from dogs with the solid tumors sarcoma, carcinoma, lymphoma and mast
cell tumor in this retrospective study of a pathology database was 2.6%. The majority
were intra-tumoral microthrombi (91%) and were predominantly seen in sarcomas.
The prevalence of tumor-cell emboli was 1.7% with draining lymphatics the most
common site, and carcinomas the predominantly associated solid tumor type.
Interestingly, macrothrombi were not identified in any of the solid tumor cases in this
study.

Microthrombi are important in the pathogenesis of macrothrombi and cancer

metastasis and may result in significant clinical complications. Studies on
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experimentally induced pulmonary microthrombi in dogs have reported a significant
drop in circulating platelet concentration with increased neutrophils and platelets
within the pulmonary capillaries, increased mean pulmonary artery pressure and
emboli-related arterial dilation, increased microvascular permeability to protein and
severe lung injury.??# In addition, microthrombi and tumor-cell emboli have been
reported to result in localized ischemia and tissue hypoxia, both of which are directly
linked to cancer metastasis through hypoxia-inducible factor target gene expression,
inhibition of the transmembrane molecule E-cadherin, enhanced proteolytic activity
at the tumor invasive front and increased cell motility towards the blood or lymphatic
microcirculation. 404249

No prevalence studies of microthrombi in canine solid tumors have previously
been reported, making results of this study difficult to compare, but the true
prevalence is likely higher than the 2.6% reported here. Antemortem biopsy samples
made up 73.5% of the case cohort evaluated, this group only represented samples
from a single mass or organs without evaluation of the rest of the body that might
have harbored microthrombi. Furthermore, the cases in the post mortem group
would not have had histopathological examination of all the organs, and
microthrombi are likely to have been missed. Five of the nine identified microthrombi
in the post mortem group were from sites distant to the solid tumor indicating
histological evaluation of all the organs is likely to have yielded a higher prevalence
of microthrombi. Additional factors that may have resulted in a lower than expected
prevalence are due to the low sensitivity of a retrospective study that did not allow for
timely and standardized post mortem examination, multiple sections of
histopathology samples were not evaluated and the lack of immunohistochemical
staining with anti-CD61 and anti-fibrin antibodies.5°

The prevalence of microthrombi identified in post mortem submissions in dogs
with solid tumors was 2.3 times higher than in the antemortem biopsy samples. This
was an unexpected finding. A higher prevalence of microthrombi in the antemortem
biopsy group was expected based on the high prevalence of intra-tumoral thrombi
identified in this study and the higher proportion of antemortem biopsy cases.
Additionally, antemortem biopsy samples were most likely immediately placed in
10% buffered formalin preventing thrombi dissolution, while thrombi in post mortem
cases are likely to have undergone rapid dissolution in the hours leading up to post

mortem. In a previous canine study only 36% of the original volume of pulmonary
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thromboemboli was recovered six hours after being artificially induced.5' The low
number of cases in the post mortem group, together with the identification of distant
microthrombi are likely to have contributed to this unexpected finding. A prospective
study with complete post mortem examination within 1-2 hours of death, evaluating
all the organs of solid tumor cases would be required to determine the true
prevalence of microthrombi. Early detection assays including D-dimers and
thromboelastography may be useful in the clinical diagnosis of microthrombi and
requires further investigation.

In this study, 91% of solid tumor associated microthrombi were intra-tumoral.
Sarcomas were over-represented (69.8%) of which hemangiosarcomas represented
the majority (65%). Hemangiosarcomas are reportedly associated with hemostatic
dysfunction and thrombo-embolic disease.>?53 Other solid tumors that have also
been associated with haemostatic dysfunction includes carcinomas and
lymphomas.535* The blood pooling in a disorganized vasculature, procoagulant
factor expression on the tumor vessel wall, altered blood flow within the neoplasm
and a pro-inflammatory state of the affected endothelium within the neoplasm,>5-5°
may result in upregulation of the hemostasis pathways and the subsequent
development of a hypercoagulable state, likely resulting in intra-tumoral
thrombi.2%27:36 |ntra-tumoral thrombosis can result in compromised blood flow,
ischemia, and ultimately necrosis. Necrosis of the primary neoplasia is commonly
associated with sarcomas, as seen in 70% of the dogs identified with microthrombi
and necrosis in this study. Necrosis is thought to result due to a combination of
disorganized vasculature, rapid growth with insufficient vascular supply, high internal
pressures and the presence of microthrombi.®%6" The severity of necrosis forms part
of the grading system for sarcomas and the presence of necrosis contributes to
prognostication.®23 In some solid tumors, the hypercoagulable state, microthrombi
formation and necrosis may contribute to the eventual development of disseminated
intravascular coagulation in some dogs.52%3

Distant thrombi and fibrin deposits have previously been described in 15 of 28
dogs with mammary tumors and a single thrombus was detected in one mammary
adenoma.?! Distant microthrombi were identified in four sites from five different solid
tumors in our study. Interestingly, the prevalence of distant microthrombi in the
current study (0.2%) is surprisingly low considering 10-20% of human cancer

patients show clinical or post mortem evidence of thromboembolic disease.?%* This

16



may be explained by the maijority of cases being antemortem biopsies without the
availability of additional samples from distant sites that may have contained distant
microthrombi. In a human study, carcinomas were identified as the most common
tumors associated with pulmonary thromboemboli, and is most likely related to 90%
of all human cancers being carcinomas.®6¢ Sarcomas accounted for 60% of distant
microthrombi in solid tumor cases in our study while the overall frequency of
association of microthrombi with sarcoma was 5.5%, but the number of distant cases
of microthrombi were too low to draw any conclusions. As previously discussed, the
true prevalence of distant microthrombi is likely to be higher.

Information regarding comorbidities was available in 62% of the cases and
interestingly comorbidities were identified in 67% of these cases with cancer-
associated microthrombi. Of these, 12.5% had distant thrombi. Seventy nine percent
of identified comorbidities were in the sarcoma group and may have contributed to a
higher prevalence of microthrombi in that group. Cancer, inflammatory and renal-
related diseases, common comorbidities identified in this study, have been shown to
result in hypercoagulable states in dogs, and the greater the number and severity of
comorbidities, the higher the likelihood of hemostatic alterations.®%467.68 The
comorbidities in this study were not the reason for submission of the antemortem
biopsy samples or for euthanasia or death in the post mortem group, and in some
cases the comorbidities were a sequela of the primary solid tumor. Information
regarding the clinical significance or severity of some of the comorbidities identified
was not reliably available and their likely contribution to microthrombi formation in
this study could not be accurately determined.

Previous studies have shown that up to 72% of dogs with thrombi have more
than one disease process contributing to thrombus formation.?53° This is also
reflected in our study where 42% of cases had more than one factor (comorbidity,
therapeutic intervention known to interfere with hemostasis or tumor-related
necrosis), besides the primary tumor, contributing to thrombus formation. This finding
supports the suggestion that one or a combination of factors such as local tumor
environment, systemic hypercoagulability, necrosis of the tumor, presence of
comorbidities and treatment may contribute to thrombus formation. Information
regarding therapeutic interventions was available in 55% of cases, of which 31% of
dogs received at least one intervention know to interfere with hemostasis.

Unfortunately, in most of the cases, due to the retrospective nature of the study, the

17



temporal association of the therapeutic intervention and thrombus formation is
unknown, preventing a tentative connection between treatment and thrombus
formation.

Surprisingly, macrothrombi were not associated with solid tumors in this study
and may be related to the lack of focused evaluation of all blood vessels during a
standard post mortem, fewer post mortems compared to antemortem biopsy
samples in this study, as well as rapid dissolution of thrombi in the post mortem
group.®® Although previous reports of tumor-associated macrothrombi exist,?*27-
29,41,42.53 hased on the current study, the prevalence of macrothrombi in dogs with
solid tumors may be very low. Systematic prospective studies, specifically evaluating
predilection sites for macrothrombi in dogs with solid tumors is required.

The majority of tumor-cell emboli were within the draining lymphatic vessels
and by extension would imply draining lymph node involvement. Dogs with
metastasis to regional lymph nodes have been shown to have shorter survival times
in mammary tumors, osteosarcoma, oral and facial tumors and primary lung tumors,
amongst others.3%-3° Micro metastasis refers to the systemic spread of small
numbers of tumor cells, too few to be detected by standard screening tests, and is
thought to be largely responsible for metastatic disease in patients originally
diagnosed as node negative.*® The identification of tumor-cell emboli within
vasculature or lymphatic vessels does not necessarily mean that the embolus will
lodge, survive and result in a metastatic tumor.%® Interestingly, 78% of post mortem
cases with tumor-cell emboli had concurrent macroscopically visible metastasis, but
due to the small sample size further studies are required to support this finding. The
metastatic incidence in the biopsy group could not be determined because the
biopsy cases did not have consistent cancer staging.

Tumor-cell emboli were identified 3.8 times more in the post mortem group
than the antemortem biopsy group. The true prevalence of tumor-cell emboli is likely
underestimated in this study due to the higher proportion of antemortem biopsy
samples for which draining lymphatics are not routinely submitted with the biopsy
sample. In addition, not all organs underwent histological examination for the post
mortem group and routine H&E staining has been shown to only detect between 65-
90% of micro metastasis that were identified with cytokeratin AE1/AE3 or
pancytokeratin (panCK) immunohistochemistry.®® Further systematic prospective

studies utilising immunohistochemistry, evaluating draining lymphatics as well as
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histological examination of all organs are necessary to identify the true prevalence of
tumor-cell emboli in tissues.

Carcinomas made up 74% of solid tumor cases with tumor-cell emboli in this
study. Although each tumor has its own metastatic potential, generally, carcinomas
have a greater potential to spread via the lymphatics, while sarcomas tend to spread
via the hematogenous route.'? This was evidenced in our study with the majority of
tumor-cell emboli in draining lymphatics and the frequency of association of tumor-
cell emboli in carcinomas of 6.3% and 1.1% for sarcomas, respectively.

In addition to the limitations already mentioned, the microthrombi from the
antemortem biopsy group could not be correlated to the presence of systemic
microthrombi. The definition and reporting of microthrombi or tumor-cell emboli as
well as necrosis would have been dependent on the pathologist and may not have
been reported consistently. Information regarding comorbidities and therapeutic
intervention was available in the majority of cases, but not all cases. Despite the lack
of historic or clinical information in 22 cases, excluding these cases would not give
an accurate representation of the prevalence of microthrombi in dogs with tumors
and more closely reflects the clinical scenario. Additionally, reasonable conclusions
can be made from the majority of cases with microthrombi, for which information was
available.

In conclusion, this retrospective descriptive review of antemortem and post
mortem tissue samples highlights the prevalence of both microthrombi and tumor-
cell emboli in common solid tumors in dogs. The majority of microthrombi were intra-
tumoral and were predominantly seen in sarcomas. The most common site of tumor-
cell emboli were the draining lymphatics, and carcinomas the predominantly
associated solid tumor type. Prospective clinical studies, supported by full post
mortem evaluations are required to determine the true prevalence, as well as the
clinical and prognostic significance of thrombi and tumor-cell emboli in canine tumor

patients.
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