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Simple Summary: Soft tissue sarcomas (STSs) comprise different tumor subtypes with similar clinical
and pathological characteristics that arise from the embryonic mesoderm. They affect both humans
and dogs and are located in the cutaneous or subcutaneous tissue of different body structures. In
humans, this tumor group has been well-studied and described, and several clinical and pathological
factors are used to evaluate patient prognosis, including a clinicopathological unified staging system.
However, in dogs, no staging system has been proposed for these tumors. Therefore, we adapted
human clinicopathological staging for STS and applied it to a large group of dogs affected by STS. The
staging system proposed ranged from stage I to IV and was able to separate patient prognosis, with
stage I patients having a higher survival time and stage IV patients having the lowest survival time.
Moreover, we investigated different clinical and pathological factors associated with prognosis in this
set of patients. We then evaluated the median value, which was five for the mitotic count. Therefore,
we evaluated whether this value could separate patient survival. It was possible to identify a higher
survival time in patients with a mitotic count <5 than in those with a count >5.

Abstract: Soft tissue sarcomas (STSs) are a heterogeneous group of malignant mesenchymal tumors
with similar histological features and biological behaviors. They are characterized by a low to
moderate local recurrence rate and low metastasis, affecting approximately 20% of patients. Although
this tumor set is vital in veterinary medicine, no previous unified staging system or mitotic count has
been associated with patient prognosis. Therefore, this study proposed a new clinicopathological
staging method and evaluated a cut-off value for mitosis related to the survival of dogs affected
by STS. This study included 105 dogs affected by STS, treated only with surgery, and a complete
follow-up evaluation. The new clinicopathological staging system evaluated tumor size (T), nodal
involvement (N), distant metastasis (M), and histological grading criteria (G) to categorize the tumor
stage into four groups (stages I, I, III, and IV). The proposed tumor staging system was able to
differentiate patients’ prognoses, with dogs with stage IV disease experiencing the lowest survival
time and dogs with stage I disease having the highest survival time (p < 0.001). Moreover, we
assessed the median mitosis (based on mitotic count) and its association with overall survival. Our
study’s median mitosis was 5, and patients with <5 mitoses had a higher survival time (p = 0.006).
Overall, the proposed staging system and mitotic count seemed promising in the prediction of
patient prognosis.
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1. Introduction

Soft tissue sarcomas (STSs) are a heterogeneous group of malignant tumors originating
from mesenchymal cells of connective tissues and comprise a group with similar micro-
scopic and clinical features [1,2]. STS occurs at any anatomical site; however, it commonly
involves the cutaneous and subcutaneous tissues, accounting for 8-20% of all tumors at
this site [1,3,4]. STS may originate from different cells, including adipocytes, neuronal,
muscle, fascial, blood vessel walls, and fibroblasts [2]. Middle-to-older-aged dogs are more
commonly affected, without sexual and breed predilection. Metastasis is hematogenous,
affecting approximately 20% of patients. Lymph nodes are generally unaffected, and there
is usually significant local infiltration [2,5].

Fine needle aspiration cytology is a screening method in patients with cutaneous
nodules, but it can be inconclusive in cases of STS. The final diagnosis is usually made by
histopathological analysis, preferably using tissue samples obtained by incisional biopsy,
which allows the evaluation of the type of tumor and its grading [1-5]. The histopatholog-
ical analysis of these tumors could represent a diagnostic challenge, due to the presence
of similar cellular patterns among them, and a variety of other neoplasms with different
histogenesis. The development of immunohistochemical techniques and the availability
of monoclonal and polyclonal antibodies representing various tissue markers and tissue
microenvironments have been of paramount importance in improving the diagnosis of
STS [1-3].

The veterinary literature lacks information related to the standardization of this tumor
group and a significant amount of the previously published articles are isolated case
reports [6,7] or articles investigating different aspects of one specific histological subtype
and not using these tumor groups as a unit [8,9]. As opposed to dogs, in humans with
STS, a more standardized approach is reported for patient staging [10] and treatment [11].
For a better comprehension of this tumor group, different initiatives were created for a
better patient approach by the American Joint Committee on Cancer (AJCC) and European
Society for Medical Oncology [10,11]. For this reason, new strategies should be made in
veterinary oncology for a better approach to managing canine STS.

Usually, canine STS presents as solitary and pseudo-encapsulated masses with poorly
defined margins [5,12-14]. The histologic evaluation of these tumors is challenging because
of similar cell patterns to various other neoplasms with different histogenesis [15,16]. In
human medicine, STSs from the extremities and trunk are considered a group of tumors
with similar behavior, clinical appearance, and treatment options [17-21]. Therefore, these
tumors are evaluated using a standardized system that includes tumor staging. In humans,
there is a well-established clinicopathological staging proposed by the American Joint
Committee on Cancer, evaluating tumor size (T), nodal involvement (N), the presence
of distant metastasis (M), and histological grading characteristics (G) [13]. Therefore, in
human medicine, the staging system is always used for a better prognosis.

In dogs, a grading system has been applied to classify this group of sarcomas, and a
uniform grading system has been proposed for this tumor group [1]; however, no previous
staging system or mitotic count has been proven to be associated with patients” overall
survival. Due to the lack of prognostic clinical information for canine STS, this study aimed
to assess the prognostic value of pathological and clinical features associated with overall
survival time. Furthermore, we propose a new clinicopathological staging system and
evaluate a cut-off value for mitosis related to the survival of dogs affected by STS.

2. Materials and Methods
2.1. Study Design

This retrospective non-randomized multicenter study included 105 dogs with cu-
taneous and subcutaneous STS. The cases in the present study were retrieved from Sao
Paulo State University-UNESP, Paulista University-UNIP, BICHO e RABICHO Veterinary
Clinic, ONCONNECTIONVET, ELETRO-ONKOVET, and SEOVET cancer care oncology
services. The inclusion criteria for this study were patients with histopathological analysis
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confirming STS diagnosis, patients who underwent a full search for metastasis, including
thoracic X-ray and abdominal ultrasound, and patients with clinical information avail-
able in the respective clinical database. Those excluded from this research were patients
who died from causes not related to the STS, and patients who missed follow-up. These
exclusion criteria were important because we censored only cases where patients were
still alive. Therefore, the survival analysis group was composed only of patients that died
from the disease or patients still alive (censored patients). This study was approved by the
Committee on Ethics in the Use of Animals (204/2018).

2.2. Clinical Data

Clinical data were obtained from patients” medical records, and inclusion criteria
were based on the recommended guidelines for conducting and evaluating prognostic
studies in veterinary oncology [22]. Patients with information regarding the involvement
of lymph nodes and the presence of distant metastasis, and treated with surgery associated
with a free margin (3 cm margin), were included. Additionally, the study exclusively
included patients whose regional lymph node assessment was performed by palpation and
cytological aspiration, with this information being clearly described in the medical records.
The same was applied for distant metastasis, with patients undergoing both a three-view
thoracic X-ray and an abdominal ultrasound evaluation. Finally, patients who received any
adjuvant or neoadjuvant treatment were excluded.

Regarding follow-up, only patients who died from the STS’s direct involvement were
included. For living patients, the minimum acceptable follow-up time was 36 months. It
was considered a death related to STSs when the patients died from metastatic disease
or due to direct cancer involvement (i.e., massive mass in the thoracic region inducing
respiratory distress). Some patients suffering from STSs were euthanized. To ensure the
accuracy of our clinical data, these data included only euthanized patients for whom
the procedure was performed as a last resort, with no other possibility (i.e., euthanasia
performed in a patient with a mass infiltrating the skull two months after splenectomy,
with the patient presenting with a seizure non-responsive to medical treatment). Patients
who died from other causes were excluded from this study. For tumor localization, the
tumors were grouped into those located in the trunk or extremities, according to previous
criteria for human STS [23].

2.3. Clinicopathological Staging System

The tumor stage was adapted from the human American Joint Committee on Cancer
(AJCC) 8th Edition Staging System for Soft Tissue Sarcoma of the Extremity and Trunk [10].
The adapted TNM system included tumor size, lymph node involvement, distant metas-
tasis, and histological grade. The proposed Veterinary TNM system is shown in Table 1,
and the new staging system is shown in Table 2. In addition, tumor grade was assessed
according to Trojani et al. [23] and Dennis et al. [1].

Table 1. New TNM system for canine cutaneous and subcutaneous soft tissue sarcomas adapted
from the human classification system.

Definition of Primary Tumor (T)

T category T criteria
Tx Primary tumors cannot be assessed
T0 No evidence of primary tumor
T1 Tumors 3 cm or less in greatest dimension
T2 Tumors > 3 cm and < 7 cm in the greatest dimension
T3 Tumors > 7 cm and < 12 cm in the greatest dimension

T4 Tumor 15 cm in the greatest dimension
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Table 1. Cont.

Definition of Primary Tumor (T)

Definition of regional lymph node (N)

N category N criteria
NO No regional lymph node metastasis
N1 Regional lymph node metastasis
Definition of distant metastasis (M)
M category M criteria
MO No distant metastasis
M1 Distant metastasis

Definition of Grade
Gx Grade cannot be assessed
Total differentiation with tissue resembling the normal

Gl counterpart, mitotic count < 9, no necrosis

2 Total differentiation with tissue showing poor differentiation,
mitotic count between 10 and 19, necrosis < 50%

G3 Undifferentiated sarcoma, mitotic count > 20, necrosis > 50%

Table 2. New clinical staging system proposed for dogs affected by cutaneous and subcutaneous soft
tissue sarcomas.

Stage T N M Histological Grade
Stage I Tx, T1 or T2 NO MO Gx or G1
Stage I T2, T3 or T4 NO MO G2

Stage III T3 or T4 NO MO G3
Any T N1 MO Any G
Stage IV Any T NO M1 Any G

2.4. Morphological Analysis

Hematoxylin and eosin-stained slides were assessed, and a new histological evaluation
was performed to confirm the diagnosis by two independent pathologists with experience
in STS diagnosis. First, histological analysis was performed at a lower magnification (50x),
followed by a subsequent increase in fields (100x, 200, and 400 ). Finally, histological
evaluation, classification, and grading were performed according to Dennis et al. [1] and
Trojani et al. [23]. Mitotic count was performed using oculars with 22 mm field diameter
equaling 2.37 mm? in 10 contiguous fields at 400 x magnification.

2.5. Statistical Analysis

We investigated the associations among the different study variables using the chi-
squared test. Discrete and continuous quantitative variables, such as tumor size and age,
were transformed into categories with three groups of an equal number of patients. The
variable tumor size was divided into bands of 0—4 c¢m, 4-7.6 cm, and >7.6 cm; the variable
age was divided into 0-8, 8-11.3, and >11.3; and the variable survival in days was divided
into 0-120 days, 120-363 days, and >363 days. The results are reported using expected and
observed frequencies and Pearson’s chi-square values with corresponding p-values.

Additionally, we grouped samples according to clinicopathological criteria and used
Kaplan—-Meier survival analysis to compare the different categorical variables with overall
survival (OS). The considered categories were histological differentiation, mitotic count,
percent of necrosis, histological grade, tumor diameter, lymph node metastasis, distant
metastasis, clinical stage, and treatment. The mean mitotic count (MC) was 5.7, but con-
sidering that the mitotic count presents whole numbers, we considered two groups for
mitotic evaluation: patients with <5 mitoses and patients with >5 mitoses. In the survival
analysis, censoring was only applied to patients who were still alive with no recurrence or
distant metastasis.
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Statistical analysis was performed using GraphPad Prism v.8.1.0 (GraphPad Software
Inc., La Jolla, CA, USA) and the Statistical Package for the Social Sciences (SPSS) program
(IBM SPSS Statistics 20.0.0, IBM Corporation, Armonk, NY, USA, 2011). Only results with a
significance level of p < 0.05 were reported.

3. Results

A total of 105 patients met our inclusion criteria and were included in this study.
The mean age of these patients was 9.97 (£3.01) years. Mixed-breed dogs were the most
represented (53 out of 105), followed by the Poodle (6/105), Golden Retriever (5/105), and
Rottweiler (5/105) breeds. Regarding sex, female dogs represented 68 out of 105 patients,
and the remaining 37 were male dogs. Among the tumors, 54 out of 105 were located in the
trunk, and the remaining 51 were situated in the limbs. The mean size of the tumors was
6.4 (£4.7) cm, and the mean overall survival was 365.91 days (+£180 days). Metastasis at
diagnosis occurred in 8 out of 105 cases (0.076%).

A significant association between sex and tumor site was found (Pearson’s chi-
square = 4.225; p = 0.04), with females being more prone to presenting tumors in the
trunk than in the extremities (n = 40 vs. n = 28) and males having a higher prevalence
of tumors located in the limbs (1 = 23 vs. n = 14). Additionally, a significant association
was found between regional lymph node metastasis and overall survival (Pearson’s chi-
square = 6.141; p = 0.046). Patients with lymph node metastasis were not expected to
survive for more than 120 days. The expected frequencies for the survival bands 0-120,
120-363, and >363 days for the lymph nodes affected were 1.6, 1, and 1.3, while the number
of animals observed in each category was 4, 0, and 0, respectively. In contrast, patients
without lymph node metastasis were expected to survive for >363 days. The expected
frequencies for patients free from lymph node metastasis were 40.4, 26, and 33.7, while the
number of animals observed in each category was 38, 27, and 35, respectively.

As for the survival analyses, there was a prevalence of tumors classified as grade II
(n = 43), followed by I (n = 40) and III (n = 22). Patients with grade III disease experienced
a shorter survival time than those with grade I and II diseases (p < 0.001) (Figure 1).
Regarding the association of mitotic number with survival, we identified an interesting
prognostic association. Patients with tumors presenting <5 mitoses had a higher survival
time than those with >5 mitoses (p = 0.001) (Figure 2).

p<0.0001
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Figure 1. Association of tumor grade with overall survival in our tumor group.
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Figure 2. Overall survival association with mitotic count (MC). Patients with tumors presenting > 5 mi-
toses experienced a shorter survival time.

We identified a shorter survival time for patients with grade III tumors compared with
those with grades I and II.

Regarding our proposed clinicopathological stages, the mean overall survival was
445.05 days for patients with stage I, 375.52 days for stage 11, 224.21 days for stage III, and
278.50 for stage IV. The patients with tumors presenting with stages III and IV experienced
a shorter survival time than those with stages I and II (p < 0.0001) (Figure 3).

Percent survival

0-1 I I I 1
0 1000 2000 3000 4000

Overall Survival

Figure 3. Overall survival associated with the proposed clinicopathological staging system. Patients
with stages IIl and IV experienced a shorter survival time than those with stages I and II.

4. Discussion

The main purpose of this study was to identify predictive factors and evaluate a new
clinicopathological staging system for dogs affected by STS. In the beginning of the study,
our retrospective analysis identified 350 STS patients with available clinical information.
However, after the application of exclusion criteria, an important set of patients were
disqualified. The major reason for sample exclusion was related to the patient’s death not
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being associated with disease progression or the inability to locate the owner to confirm
the current survival status. These exclusion criteria were applied to make our survival
analysis stronger, censoring only patients that we were sure were alive. Therefore, this
study included 105 middle-to-older-aged dogs with a female prevalence.

This research identified female dogs as being more prone to presenting tumors in
the trunk than in the extremities, whereas, for males, the opposite occurred. We found
significant differences between sexes, which suggests that hormones could be associated
with STS development. The expression of progesterone receptors was previously associated
with peripheral nerve sheath and perivascular wall tumors [24]. Estrogen (ER) and proges-
terone (PR) receptors are responsible for regulating cell growth and differentiation upon
ligand-dependent and independent activation [25]. In human STSs, ER overexpression
by immunohistochemistry was previously associated with favorable outcomes in human
female patients. On the other hand, PR was considered an unfavorable prognostic marker
in male patients [25]. Therefore, it seems that hormone receptor expression could be as-
sociated with a patient’s survival. In dogs, ER and PR immunoexpression were assessed;
however, no patient’s survival was provided in the study [24]. Therefore, it is not possible
to confirm that ER and PR expression are prognostic factors in dogs.

No association was found between tumor localization (trunk or limbs) and clinico-
pathological factors. These data are in accordance with previous findings, and they suggest
the influence of factors independent of the tumor location; these tumors should be grouped
as unique entities [17]. The tumor location may influence the surgical margins and complete
tumor resection. Additionally, we found that patients with lymph node metastasis were
not expected to survive for >120 days, whereas patients without lymph node metastasis
were expected to survive for >363 days. It is not surprising that patients with metastatic
lymph nodes experienced the shortest survival time. Metastasis in lymph nodes has been
associated with poor patient outcome in several cancer subtypes. However, the previous
literature was not unanimous in affirming that patients with lymph node metastasis present
with a poor prognosis [1-5]. This could be related to the low frequency of lymph node
metastasis in patients affected by STSs [26]. Therefore, our study has suggested that patients
with lymph node metastasis experienced a shorter survival time, making this a potential
prognostic factor.

Regarding survival analysis, we found that patients with grade III tumors experienced
a shorter survival time than those with grade I and II tumors (p < 0.001) and that those with
tumors presenting <5 mitoses experienced a higher survival time (p = 0.001). According
to the previous literature, the most important prognostic factors are histologic grade and
wide surgical margins, which predict no recurrence. In addition, a high mitotic count is
considered as a prognostic factor associated with shorter survival time [1]. However, no
previous unified mitotic count has been proposed as an independent prognostic factor for
STSs. Therefore, the mitotic count is used as part of the tumor grading system. Since our
results strongly suggest that mitotic count is an independent prognostic factor for canine
STSs, we strongly recommend its use in clinical practice.

Mitotic index is expressed as a percentage of mitotic cells divided by cells not under-
going mitosis [27]. On the other hand, mitotic count is the sum of mitosis in 10 high-power
fields. Therefore, some authors have described that over the years, both terms have been
mixed and used incorrectly. In this study, we opted to perform the mitotic count because
most of the human studies use this parameter to associate it with a patient’s survival [10,28].
Additionally, mitotic count is more often used than mitotic index in Brazilian pathologists’
routines. Therefore, it will be more likely to have been used in the clinical routine. Similar
to our results, previous studies have reported a higher frequency of grade I and II tumors,
with only a small set of grade III tumors. Although this grading system is determined by
histopathological analysis, it has been widely used for the classification of STSs, reinforcing
that histological grade is the most crucial prognostic factor for STS [8,19]. Other relevant
data in this study are that the lowest survival time was found for grade III tumors compared
with that for grade I and II tumors.
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The Cancer Staging Manual of the AJCC has recently been revised and updated to the
eighth edition [29]. Tumor stage is one of the most important prognostic factors for all
subtypes of STSs, and we showed a lower survival time in patients with stages IV and
III compared with stages I and II. Regarding frequency in this study, stages I (36%) and
II (38%) were more frequent than stages III (18%) and IV (7%), not showing a difference
from what was proposed in the literature. For canine STSs, no previous clinical stage
has been presented. Although we retrospectively enrolled patients in our study, we had a
homogenous tumor group, reinforcing the strength of our staging. For human STSs, the
clinical stage is one of the most important prognostic factors. Thus, we strongly recommend
using the clinicopathological stage for canine STSs.

It is known that STSs have a low metastatic rate (reportedly up to 17% of cases); of
the 105 patients included in this study, only seven had metastasis, and two had lymph
node infiltration. There was also an important correlation between metastasis and survival
rate, which significantly decreased when any metastasis was diagnosed. The local recur-
rence of marginally excised subcutaneous STSs is variable and difficult to predict. STSs
are commonly surrounded by a pseudo capsule that may contain or be confluent with
tumor cells [30]. The resemblance to complete margins [31,32] does not predict recurrence.
Further research is needed to determine more precise estimates for recurrence and survival
rates. Other potential indicators of prognosis that presently require further investigation in-
clude histological type, tumor dimension, location, invasiveness, stage, markers of cellular
proliferation, and cytogenetic profiles [1,14].

It has been verified that larger tumors are more difficult to remove than smaller ones,
and the size of the tumor directly impacts the surgical procedure and the possibility of
residual disease. Several canine and human studies have suggested that tumors >5 cm
have shorter disease-free intervals or survival times compared with tumors smaller than
this size [33,34]. In the respective study, the mean tumor size was 6.4 cm, having a direct
correlation with survival time, which was longer in dogs with T < 6.4 cm.

5. Conclusions

Our study suggests that the proposed clinicopathological staging and mitotic count
present a direct association with the patient’s overall survival. Therefore, we suggest the
use of both parameters in clinical practice.

Author Contributions: Conceptualization, A.R.C.d.A.M. and C.E.E-A.; methodology, A.R.C.d.AM.,
MSF, DS.d.A., P.C.-J. and J.N.; RL.-A. and C.E.E-A,; formal analysis: A.R.C.d.A.M., CEEFE-A.
and O.P.N.; investigation: A.R.C.d.A.M., CE.F-A. and O.P.N,; resources, C.E.F-A.; data curation,
ARCd.AM,MSE,DSdA., PC.-].,J N, RL-A. and C.E.F-A.; writing—original draft preparation,
ARC.d.AM, MVH. and C.EE-A,; writing—review and editing, A.R.C.d.AM., CEF-A. and O.PN;
investigation, A.R.C.d.AM., MSF, D.S.d.A., PC-J,, JN,, RL-A, M.\VH, O.PN. and CE.F-A;
supervision, C.E.F-A. All authors have read and agreed to the published version of the manuscript.

Funding: This study received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Sao Paulo State University (protocol
code 204/2018 on 17 June 2020).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data created is already included in the manuscript. Data sharing
is not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.



Vet. Sci. 2023, 10, 327 90f 10

References

1. Dennis, M.M.; McSporran, K.D.; Bacon, N.J.; Schulman, EY.; Foster, R.A.; Powers, B.E. Prognostic Factors for Cutaneous and
Subcutaneous Soft Tissue Sarcomas in Dogs. Vet. Pathol. 2011, 48, 73-84. [CrossRef]

2. Forrest, L.].; Chun, R.; Adams, W.M.; Cooley, A.].; Vail, D.M. Postoperative radiotherapy for canine soft tissue sarcoma. J. Vet.
Intern. Med. 2000, 14, 578-582. [CrossRef] [PubMed]

3. Dobson, ].M.; Samuel, S.; Milstein, H.; Rogers, K.; Wood, J.L.N. Canine neoplasia in the UK: Estimates of incidence rates from a
population of insured dogs. J. Small Anim. Pract. 2002, 43, 240-246. [CrossRef] [PubMed]

4. Breonden, L.B.; Eriksen, T.; Kristensen, A.T. Mast cell tumours and other skin neoplasia in Danish dogs—data from the Danish
Veterinary Cancer Registry. Acta Vet. Scand. 2010, 52, 6. [CrossRef] [PubMed]

5. Liptak, J.M,; Forrest, L.J. Soft Tissue Sarcomas. In Small Animal Clinical Oncology, 5th ed.; Withrow, S.J., Vail, D.M., Page, RL., Eds,;
Elsevier Saunders: St Louis, MO, USA, 2013; pp. 356-380.

6. Kanai, E.; Kudo, A.; Sato, A.; Yoshida, H.; Yamauchi, A.; Oshita, R.; Takagi, S. Thoracic Wall Reconstruction with Dorsal
Diaphragmatic Traction and Preservation of Diaphragmatic Attachments in a Dog with Resection of the 11-13th Ribs. Animals
2022, 13, 34. [CrossRef]

7.  Hicks, K,; LeRoith, T.; Partridge, B.; Dervisis, N. In-Transit Metastasis in a Dog with High-Grade Soft Tissue Sarcoma: A Case
Report. . Am. Anim. Hosp. Assoc. 2023, 59, 36-39. [CrossRef] [PubMed]

8.  Beebe, E; Poschel, A.; Kunz, L.; Wolski, W.; Motamed, Z.; Meier, D.; Guscetti, F.; Nolff, M.C.; Markkanen, E. Proteomic profiling
of canine fibrosarcoma and adjacent peritumoral tissue. Neoplasia 2023, 35, 100858. [CrossRef]

9.  Brady, R.V,;; Rebhun, R.B.; Skorupski, K.A.; Burton, J.H.; Al-Nadaf, S.; Choi, E.; Willcox, J.L. Retrospective immunohistochemical
investigation of suspected non-visceral leiomyosarcoma in dogs. |. Veter. Diagn. Investig. 2022, 34, 465—473. [CrossRef]

10. Coindre, ].-M. Grading of soft tissue sarcomas: Review and update. Arch. Pathol. Lab. Med. 2006, 130, 1448-1453. [CrossRef]

11.  Guérin, F; Martelli, H.; Rogers, T.; Zanetti, I.; van Scheltinga, S.T.; De Corti, F.; Burrieza, G.G.; Minard-Colin, V.; Orbach, D;
van Noesel, M; et al. Outcome of patients with undifferentiated embryonal sarcoma of the liver treated according to european
soft tissue sarcoma protocol. Pediatr. Blood Cancer 2022, 21, e30374. [CrossRef]

12.  Hardy, W.D. The etiology of canine and feline tumors. J. Am. Anim. Hosp. Assoc. 1976, 12, 313-334.

13. Sinibaldi, K.; Rosen, H.; Liu, S.K. Tumors associated with metallic implants in animals. Clin. Orthop. 1976, 118, 257-266. [CrossRef]

14. McSporran, K.D. Histologic grade predicts recurrence for marginally excised canine subcutaneous soft tissue sarcomas. Vet.
Pathol. 2009, 46, 928-933. [CrossRef] [PubMed]

15.  Withrow, S.J. The three rules of good oncology, Biopsy, biopsy, biopsy. J. Am. Anim. Hosp. Assoc. 1991, 27, 311-314.

16. Powers, B.E.; Hoopes, PJ.; Ehrhart, E.J. Tumor diagnosis, grading and staging. Semin. Vet. Med. Surg. 1995, 10, 158-167.

17.  Cates, . M.M. The AJCC 8th edition staging system for soft tissue sarcoma of the extremities or trunk: A cohort study of the SEER
Database. J. Natl. Compr. Cancer Netw. 2018, 16, 144-152. [CrossRef]

18.  Zou, D.; Wang, Y.; Wang, M.; Zhao, B.; HU, F,; Li, Y.; Zhang, B. Bioinformatics analysis reveals the competing endogenous RNA
(ceRNA) coexpression network in the tumor microenvironment and prognostic biomarkers in soft tissue sarcomas. Bioengineered
2021, 12, 496-506. [CrossRef]

19. Maki, R.G.; Moraco, N.; Antonescu, C.R.; Hameed, M.; Pinkhasik, A.; Singer, S.; Brennan, M.F. Toward better soft tissue sarcoma
staging: Building on american joint committee on cancer staging systems versions 6 and 7. Ann. Surg. Oncol. 2013, 20, 3377-3383.
[CrossRef]

20. Tierce, R.; Martin, T.; Hughes, K.L.; Harrison, L.; Swancutt, K.L.; Rao, S.; Leary, D.; LaRue, S.M.; Boss, M.K. Response of canine
soft tissue sarcoma to stereotactic body radiotherapy. Radiat. Res. 2021, 196, 587—-601. [CrossRef]

21. Villedieu, E.J.; Petite, A.F.; Godolphin, J.D.; Bacon, N.J. Prevalence of pulmonar nodules suggestive of metastasis at presentation
in dogs with cutaneous or subcutaneous soft tissue sarcoma. J. Am. Vet. Med. Assoc. 2021, 258, 179-185. [CrossRef]

22. Webster, ].D.; Dennis, M.M.; Dervisis, N.; Heller, J.; Bacon, N.J.; Bergman, PJ.; Bienzle, D.; Cassali, G.; Castagnaro, M.;
Cullen, J.; et al. Recommended Guidelines for the Conduct and Evaluation of Prognostic Studies in Veterinary Oncology. Vet.
Pathol. 2010, 48, 7-18. [CrossRef]

23. Trojani, M.; Contesso, G.; Coindre, ].-M.; Rouesse, J.; Bui, N.B.; de Mascarel, A.; Goussot, ].E; David, M.; Bonichon, E,; Lagarde, C.
Soft-tissue sarcomas of adults; study of pathological prognostic variables and definition of a histophatological grading system.
Int. ]. Cancer 1984, 33, 37—-42. [CrossRef]

24. Loures, EH.; Conceigao, L.G.; Amorim, R.L.; Nobrega, J.; Neto, R.T.; Costa, E.P.; Silva, EF. Progesterone and estrogen receptor
expression by canine cutaneous soft tissue sarcomas. Pesq. Vet. Bras. 2020, 40, 284-288. [CrossRef]

25. Valkov, A.; Sorbye, S.; Kilvaer, TK.; Donnem, T.; Smeland, E.; Bremnes, R.M.; Busund, L.-T. Estrogen receptor and progesterone
receptor are prognostic factors in soft tissue sarcomas. Int. J. Oncol. 2011, 38, 1031-1040. [CrossRef]

26. Iwaki, Y,; Lindley, S.; Smith, A.; Curran, K.M.; Looper, ]. Canine myxosarcomas, a retrospective analysis of 32 dogs (2003—2018).
BMC Vet. Res. 2019, 15, 217. [CrossRef] [PubMed]

27. Meuten, D.J.; Moore, EM.; George, ].W. Mitotic count and the field of view area: Time to standardize. Vet. Pathol. 2016, 53, 7-9.
[CrossRef] [PubMed]

28. Andreou, D.; Werner, M.; Pink, D.; Traub, E,; Schuler, M.; Gosheger, G.; Jobke, B.; Reichardt, P.; Tunn, P.U. Prognostic relevance of

the mitotic count and the amount of viable tumour after neoadjuvant chemotherapy for primary, localised, high-grade soft tissue
sarcoma. Br. |. Cancer 2015, 3, 455-460. [CrossRef]


https://doi.org/10.1177/0300985810388820
https://doi.org/10.1111/j.1939-1676.2000.tb02279.x
https://www.ncbi.nlm.nih.gov/pubmed/11110377
https://doi.org/10.1111/j.1748-5827.2002.tb00066.x
https://www.ncbi.nlm.nih.gov/pubmed/12074288
https://doi.org/10.1186/1751-0147-52-6
https://www.ncbi.nlm.nih.gov/pubmed/20096110
https://doi.org/10.3390/ani13010034
https://doi.org/10.5326/JAAHA-MS-7281
https://www.ncbi.nlm.nih.gov/pubmed/36584319
https://doi.org/10.1016/j.neo.2022.100858
https://doi.org/10.1177/10406387221083570
https://doi.org/10.5858/2006-130-1448-GOSTSR
https://doi.org/10.1002/pbc.30374
https://doi.org/10.1097/00003086-197607000-00043
https://doi.org/10.1354/vp.08-VP-0277-M-FL
https://www.ncbi.nlm.nih.gov/pubmed/19429989
https://doi.org/10.6004/jnccn.2017.7042
https://doi.org/10.1080/21655979.2021.1879566
https://doi.org/10.1245/s10434-013-3052-0
https://doi.org/10.1667/RADE-20-00271.1
https://doi.org/10.2460/javma.258.2.179
https://doi.org/10.1177/0300985810377187
https://doi.org/10.1002/ijc.2910330108
https://doi.org/10.1590/1678-5150-pvb-6103
https://doi.org/10.3892/ijo.2011.920
https://doi.org/10.1186/s12917-019-1956-z
https://www.ncbi.nlm.nih.gov/pubmed/31248415
https://doi.org/10.1177/0300985815593349
https://www.ncbi.nlm.nih.gov/pubmed/26712813
https://doi.org/10.1038/bjc.2014.635

Vet. Sci. 2023, 10, 327 10 of 10

29.

30.

31.

32.

33.

34.

Tanaka, K.; Ozaki, T. New TNM classification (AJCC eighth edition) of bone and soft tissue sarcomas: JCOG bone and soft tumor
study group. Japan. J. Clin. Oncol. 2019, 49, 103-107. [CrossRef] [PubMed]

O’Donnell, PW.; Manivel, C.J.; Cheng, E.Y.; Clohisy, D.R. Chemotherapy Influences the Pseudocapsule Composition in Soft Tissue
Sarcomas. Clin. Orthop. Relat. Res. 2014, 472, 849-855. [CrossRef]

Chiti, L.E.; Ferrari, R.; Roccabianca, P.; Boracchi, P.; Godizzi, F.; Busca, G.A.; Stefanello, D. Surgical Margins in Canine Cutaneous
Soft-Tissue Sarcomas: A Dichotomous Classification System Does Not Accurately Predict the Risk of Local Recurrence. Animals
2021, 11, 2367. [CrossRef]

Bray, J.P. Soft tissue sarcoma in the dog—Part 2: Surgical margins, controversies and a comparative review. J. Small Anim. Pract.
2017, 58, 63-72. [CrossRef]

Kuntz, C.A ; Dernell, W.S.; Powers, B.E.; Devitt, C.; Straw, R.C.; Withrow, S.]. Prognostic factors for surgical treatment of soft-tissue
sarcomas in dogs: 75 cases (1986-1996). ]. Am. Veter. Med. Assoc. 1997, 211, 1147-1151.

Bray, ].P,; Polton, G.A.; McSporran, K.D.; Bridges, J.; Whitbread, T.M. Canine soft tissue sarcoma managed in first opinion practice:
Outcome in 350 cases. Vet. Surg. 2014, 43, 774-782. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1093/jjco/hyy157
https://www.ncbi.nlm.nih.gov/pubmed/30423153
https://doi.org/10.1007/s11999-013-3022-7
https://doi.org/10.3390/ani11082367
https://doi.org/10.1111/jsap.12629
https://doi.org/10.1111/j.1532-950X.2014.12185.x

	Introduction 
	Materials and Methods 
	Study Design 
	Clinical Data 
	Clinicopathological Staging System 
	Morphological Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

