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Abstract

Due to the low frequency and the changes in diagnostic techniques and terminology

during the last few years, only little clinical information is available on splenic stromal

sarcoma (SSS). This multi-institutional study aimed at gathering clinical cases of SSS

in dogs and investigates their clinical behaviour, as well as analyse possible clinico-

pathological prognostic factors, including the use of adjuvant therapy. Dogs with a

histologically confirmed SSS that underwent splenectomy were retrospectively

included. To be included in the study, either FFPE tissue blocks or multiple tissue sec-

tions had to be available for histopathologic and immunohistochemical revision. Clini-

cal and pathological variables, along with adjuvant therapy data, were collected.

Cumulative incidence of metastatic disease was analysed through univariate and

bivariate analyses. The impact of adjuvant chemotherapy on metastasis incidence

and survival was assessed, considering an estimated propensity score. A total of

32 dogs were included. Among them, 22 developed metastases with an incidence of

37.5%, 59.38%, and 65.94% at 6, 12, and 24 months, respectively. Univariate analysis

identified mitotic count, total scoring, and necrosis as prognostic factors. In bivariate

analysis, mitotic count remained prognostic. The administration of adjuvant chemo-

therapy did not have an impact on metastasis incidence or survival time. The study

found that dogs with SSSs are at high risk of metastasis, although a small subgroup

may experience longer survival after splenectomy. Mitotic count was the only vari-

able having a reliable prognostic impact. Adjuvant chemotherapy did not appear to

decrease the incidence of metastasis or prolong survival in these dogs.

K E YWORD S
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1 | INTRODUCTION

Primary splenic neoplasms can arise from intrinsic splenic components,

including smooth muscle, fibrous, nervous, vascular, histiocytic, and

lymphoid tissues.1 In dogs, the most frequent primary splenic

neoplasms include hemangiosarcoma and lymphoma.1–4

Canine splenic nonangiomatous-nonlymphomatous sarcomas

(SNANLSTSs) account for 23% to 34% of primary splenic neoplasms.1,5–8
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The most common canine SNANLSTSs include fibrosarcoma, leiomyosar-

coma, undifferentiated sarcoma, and liposarcoma.1,5–8

The limited availability of clinical information and the wide

range of median survival times, spanning from 60 to 599 days,

can be attributed to the relatively low frequency of splenic

sarcomas in dogs, the lack of comprehensive medical records, and

the inclusion of heterogeneous entities in most studies.6,8–14 Note-

worthy, histiocytic sarcomas were originally included along with

SNANLSTSs, but are currently considered as a different entity due

to their myeloid (non-stromal) origin and their specific behaviour

and treatment.7,13–15

With regard to their embryologic origin, tumours arising from the

splenic stroma are now classified under the term ‘Splenic Stromal

Sarcomas’ (SSS), replacing the previous term of SNANLSTSs.11,15 This

classification includes various histotypes such as fibrosarcoma, myxo-

sarcoma, leiomyosarcoma, liposarcoma, and undifferentiated stromal

sarcoma (whether arising from complex nodular hyperplasia (CNH) or

not).15 Additionally, the reclassification of splenic fibrohistiocytic nod-

ules into complex nodular hyperplasia, lymphoid nodular hyperplasia,

marginal zone lymphoma, high-grade B-cell lymphoma, histiocytic sar-

coma, and stromal sarcoma may contribute to a better differentiation

of these entities based on their origin and behaviour. This approach is

expected to enhance our understanding of their biology, improve clin-

ical management, and address the challenges associated with compar-

ing different study results.7,13,14

Considering the low frequency observed in daily clinical practice,

the limited number of cases described in the literature, and the evolv-

ing diagnostic techniques and terminology in recent years, only little

information is available on prognostic factors. Mitotic count has been

identified as the variable most strongly associated with the biological

behaviour of SSS. Specifically, tumours with a mitotic count below

9 have longer survival times.7,12,13 However, in many studies, the

mitotic count was not standardised based on a specific tissue area as

recommended by current guidelines.16 Additionally, the inclusion of

histiocytic sarcomas or other types of sarcomas in previous studies

may have further complicated the interpretation of results and

comparisons.7,12

It is indeed intriguing that the grading system commonly used for

cutaneous and subcutaneous soft tissue sarcomas (STS) in dogs has

shown prognostic relevance in splenic liposarcoma.17–19 In a case

series of 13 dogs, lower-graded tumours were associated with longer

survival times, with grade I tumours having the longest survival

(1009 days), followed by grade II (206 days) and grade III (74 days)

tumours.17 Another recent study has provided evidence that the STS

grading system may have prognostic relevance also for a group of vis-

ceral sarcomas, which also included SSS.12

However, it is important to note that the management of patients

with SSS remains challenging due to the limited and conflicting clinical

and prognostic information available. Additionally, there is a lack of

clear therapeutic guidelines for post-splenectomy management of SSS

cases.

This multi-institutional retrospective study aimed at gathering

clinical cases of SSS in dogs and investigates their clinical behaviour,

as well as analyse possible clinicopathological prognostic factors,

including the use of adjuvant therapy.

2 | MATERIALS AND METHODS

2.1 | Criteria for case selection

The members of the Italian Society of Veterinary Oncology

(SIONCOV) retrospectively searched their medical records to identify

dogs that had undergone splenectomy and were histologically con-

firmed to have SSS. To be included in the study, either FFPE tissue

blocks or multiple tissue sections had to be available for histopatho-

logic revision.

Collected information included signalment, presence and duration

of clinical signs, presence or absence of distant metastasis at admis-

sion and during follow-up, results of hematologic and biochemical

analyses, and whether adjuvant chemotherapy was administered.

As part of the study protocol, the initial staging had to be con-

ducted either before or no later than 3 weeks after splenectomy using

a total body CT scan (TBCT) or 3-view thoracic radiographs and

abdominal ultrasound.

The choice of adjuvant chemotherapy regimen and the scheduling

of follow-up visits varied according to individual cases and the deci-

sions made by the attending clinicians and dog owners. In cases where

metastatic disease was suspected either at the time of admission or

during the follow-up period, additional diagnostic procedures such as

cytology and/or histopathology were performed to confirm the pres-

ence of metastasis. In cases where multiple sites were present, the

site that was easiest to sample was selected for analysis. If this site

tested positive for metastasis, it was presumed that the other sites

were also metastatic.

2.2 | Histopathology and immunohistochemistry

The histopathology service of the Department of Veterinary Medicine

and Animal Sciences of the University of Milan reviewed all slides.

Paraffin-embedded tissue blocks were cut into multiple 5 microns

sections.

Slides were routinely stained with Haematoxylin and Eosin (H&E)

for morphologic reassessment and histologic grading based on tissue

differentiation, mitotic count, and percentage of necrosis (assessed by

evaluating all available sections).19,20 The mitotic count was estimated

on 10 contiguous high-power fields corresponding to a standard area

of 2.37 mm2 (field number of the ocular of 22 mm and a 40�
objective).16

Additionally, 5-micron sections were put onto glued slides for

immunohistochemistry (IHC). Immunohistochemistry was performed

following established protocols as previously reported and utilising a

panel of primary antibodies against vimentin, Factor VIII-RA, α-SMA,

desmin, GFAP, and CD18 (detailed information in Supplemental

Table 1 and Supplemental Figures 1–6).21,22 Immunohistochemistry
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markers to exclude lymphoma were not included in the panel because

lymphomas were excluded from the study during the selection of

cases. Among the included cases, none had a confirmed or suspected

diagnosis of primary splenic lymphoma, as there were no tumours

consisting of nodular to coalescing aggregates or diffuse sheets of

round monomorphic cells.

To reach a definitive diagnosis, H&E and IHC stained slides were

examined independently by a board-certified pathologist (PR) and a

third-year resident in training (FG) and then reviewed conjunctively to

reach an agreement.

Immunohistochemistry for vimentin and Factor VIII-RA were

performed to confirm the diagnosis of sarcoma (vimentin-positive)

and exclude hemangiosarcoma (Factor VIII-RA-negative), respectively.

Histologic diagnoses were obtained as previously described by com-

bining the criteria of.11,13,15,23 Tumours were diagnosed as SSS if they

were composed of a predominant (>50%) population of mesenchymal

neoplastic cells, with residual lymphocytes present as small loosely

aggregated fading follicular structures or diffuse infiltrates. SSS were

further classified based on the presence of specific histologic growth

patterns and immunohistochemical reactivity as: (1) leiomyosarcoma,

if characterised by bundles of mesenchymal cells intersecting at 45 to

90 � angles, with no stroma, in association with alpha-SMA positivity

and GFAP negativity (regardless of desmin reactivity) (Supplemental

Figures 4A,B); (2) nerve sheath tumour (NST), if characterised by the

presence of palisading, whorls, Antoni A and Antoni B patterns and

Verocay bodies and GFAP positivity and simultaneous muscular

markers negativity (Supplemental Figures 5A,B); (3) fibrosarcoma or

myxosarcoma, if characterised by streams and fascicles of spindle cells

separated by variable amounts of collagenous or myxoid stroma in

association with negativity to muscular markers and GFAP

(Supplemental Figure 6); (4) liposarcoma, if composed of spindle to

polygonal cells organised in bundles or dense areas and containing

clear well distinct intracytoplasmic vacuoles. Splenic stromal sarcomas

lacking specific and diagnostic histologic growth patterns (displaying

generic fasciculated patterns) and characterised by vimentin only or

vimentin and variable alpha-SMA and-or desmin positivity (Factor

VIII-RA, GFAP, and CD18 negative) were diagnosed as undifferen-

tiated SSS (uSSS) (Supplemental Figure 1).13,15,24 For vimentin only

positive cases, CD18 IHC was performed to exclude histiocytic sar-

coma and to further support a diagnosis of SSS (Supplemental

Figure 2). As suggested by Moore et al.11 and according to previously

reported criteria tumours retaining nodular architecture with various

combinations of macrophages, small mature lymphocytes and plasma

cells and the spindle cell component having clear morphological fea-

tures of neoplasia were classified as stromal sarcomas arising from

CNH.11,13

2.3 | Statistical analysis

To summarise clinical and pathologic characteristics, the median and

range of the distribution were reported for continuous variables. In

contrast, the number of subjects and corresponding percentages were

reported for categorical variables. Time to death was calculated

from the date of surgery to the date of death. The cumulative inci-

dence of death was estimated by the Kaplan-Meier method. Median

follow-up was estimated by the reverse Kaplan-Meier method25

where the probability to remain in follow-up was calculated consid-

ering only time to death as censored. The primary study end-point

was the incidence of metastatic disease. Time to metastases (TTM)

was calculated from the date of surgery to the first evidence of

metastases.

Death unrelated to the tumour prevented the observation of the

primary end-point (TTM), therefore a method for competing risk was

applied to estimate the cumulative incidence of metastases and Fine

and Grey regression model was used to estimate the effect of covari-

ates on cumulative incidence of metastases.26

Continuous numerical variables in their original measurement

scale were included in the Fine and Grey regression model, consider-

ing a possible non-linear effect by regression cubic splines. Categorical

variables were included in the regression model by dummy coding.

According to the suggestion on the number of primary events per

variable to be used in Fine and Grey model, only models with two var-

iables can be considered in multivariate analysis for TTM.27

The impact of chemotherapy on the incidence of metastasis and

death was also analysed by adjusting the treatment effect for propen-

sity score.28 For the incidence of metastases, the Fine and Grey

regression model was used by including chemotherapy and propensity

score as independent variables. For the incidence of death, the Cox

regression model was used by including the two above-mentioned

variables. The propensity score is the estimated probability of being

treated with chemotherapy, given each dog's baseline clinical/

pathologic characteristics. The propensity score was estimated by a

logistic model with response variables chemotherapy (yes or no) and

the variables as predictors.

The statistical analysis was performed with R-Software (www.r-

project.org). Significance was set at p < .05.

2.4 | Cell line validation statement

No cell lines were used.

3 | RESULTS

Between 2009 and 2022, 32 dogs from 8 institutions fulfilled the

inclusion criteria. There were 14 (43.9%) mixed-breed dogs, 3 (9.5%)

Labrador Retrievers, 2 (6.3%) Cocker Spaniel, and one (3.1%) each

of the following: Bedlington Terrier, Spitz, Border Collie, Giant

Schnauzer, Beagle, Rottweiler, Bolognese, Dobermann, German

Shepherd, English Setter, Pekingese, Staffordshire Bull Terrier, and

Jack Russel Terrier. Seventeen (53.1%) dogs were males, and

15 (46.9%) were females.

The median age was 11 years (range, 7–15 years), and the median

weight was 21 kg (range, 7–40.6 kg).

FERRARI ET AL. 3
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The splenic mass was an incidental finding in 6 (18.8%) dogs. The

other 26 dogs presented with one or more clinical signs for a median

time of 14 days (range 6–75 days) before surgery (Supplemental

Table 2). The most frequent clinical signs were lethargy and weight

loss, both reported in more than 20% of symptomatic dogs. Twenty-

one (65.6%) dogs showed one or more biochemistry abnormalities

(Supplemental Table 2). Specifically, increasing of alkaline phospha-

tase, alanine transferase, and C-reactive protein were diagnosed in

more than 20% of dogs with biochemistry alterations. Twenty-one

(65.6%) dogs presented one or more CBC abnormalities and in partic-

ular anaemia was reported in 81% and neutrophilia in 57% of them

(Supplemental Table 2).

Ten (31.3%) dogs were staged by TBCT, while 22 (68.7%) under-

went abdominal ultrasound and thoracic radiographs. Only one

showed hepatic involvement, as documented by an intraoperative

biopsy. During surgery, a small to moderate amount of abdominal

effusion was reported in 6 (18.7%) dogs.

At the ultrasonography examination, the splenic mass was com-

plex in 20 (62.5%) cases, hypoechoic in 7 (21.9%), and hyperechoic in

1 (3.1%) case. The ultrasonographic feature was not available for

4 (12.5%) cases.

Regarding histopathology and IHC, all cases were vimentin-

positive and factor VIII-RA-negative. Undifferentiated SSS was diag-

nosed in 10 (31.3%) cases, while SSS from CNH was diagnosed in

14 (43.8%) dogs. Six (18.7%) cases were diagnosed as leiomyosar-

coma, while a NST and a fibrosarcoma were each diagnosed in

1 (3.1%) dog. Undifferentiated SSS and SSS arising from CNH showed

variable α-SMA and desmin positivity (from 0% to 60% of positive

neoplastic cells). The positivity of neoplastic cells to α-SMA and/or

desmin excluded the diagnosis of histiocytic sarcoma in 29 out of

32 cases. Three cases (morphologically diagnosed as SSS from CNH,

uSSS, and fibrosarcoma, respectively) were characterised by α-SMA,

desmin, and GFAP negativity (vimentin-only cases). In these cases,

IHC for CD18 was performed to exclude histiocytic sarcoma. All neo-

plastic cells in all 3 neoplasms were CD18-negative, thus excluding a

diagnosis of histiocytic sarcoma. Tumours were characterised by

scattered to disseminated infiltration of positive inflammatory and

reactive cells (macrophages, lymphocytes, and neutrophils). No lipo-

sarcomas were diagnosed in this study.

The median mitotic count was 11 (range, 0–106). Using the

mitotic score proposed by Dennis and colleagues (2011), 14 (43.8%)

SSS had score 1 (0–9 mitosis), 9 (28.1%) had score 2 (10–19 mitosis),

and 9 (28.1%) had score 3 (>19 mitosis). Tumour necrosis was absent

in 13 (40.6%) cases (score 0), ≤50% in 16 (50%) cases (score 1), and

>50% in 3 (9.4%) cases (score 2). Regarding the differentiation score,

26 (81.3%) SSS lacked specific differentiation (score 3), 3 (9.4%) SSS

had a specific histotype (score 2), and 3 (9.4%) were similar to normal

tissue (score 1). The median total scoring was 5. Histologically,

2 (6.3%) SSS were grade 1, 18 (56.3%) were grade 2, and 12 (37.5%)

were grade 3.

Fourteen (43.8%) dogs did not receive any adjuvant treatment

after surgery, including corticosteroids and NSAIDS. Eighteen (56.2%)

dogs received chemotherapy (7 SSS from CNH, 5 leiomyosarcomas,

4 uSSS, 1 Nerve Sheath Tumour, and 1 fibrosarcoma): 11 were treated

with metronomic therapy consisting of cyclophosphamide at the dos-

age of 10–15 mg/m2 orally once daily and piroxicam at the dosage of

0,3 mg/kg or firocoxib at the dosage of 5 mg/kg orally once daily,

7 dogs received intravenous doxorubicin as a single agent at the dos-

age of 30 mg/m2 every 3 weeks for 5 times. Among the latter, 3 dogs

switched to metronomic therapy.

Median follow-up was 14.7 months, follow-up was less than

18 months for 10% of dogs (range, 30–1476 days).

By excluding the dog with metastasis at admission, 22 dogs devel-

oped metastases during follow-up (Figure 1). The most common site

of metastasis was the liver (n = 19), followed by lungs (n = 3), perito-

neum (n = 3), and bones (n = 1).

Five dogs, all with a diagnosis of SSS from CNH, were alive with-

out metastasis at the end of the study, with a median follow-up of

840 days, whereas 27 died (Figure 2). Four dogs died from unrelated

causes, and the other 23 died due to metastatic disease.

Summary of the significant specific data for each included dogs

were reported in the Supplemental Table 3.

F IGURE 1 Cumulative incidence of metastasis in the sample
population estimated by method for competing risks. The incidence of
metastases at 6, 12, and 24 months was 37.5% (95% CI 20.97%–
54.01%), 59.38% (95% CI 39.95%–74.36%), and 65.94% (95% CI
46.03%–79.97%), respectively.

F IGURE 2 Cumulative incidence of death in the sample
population estimated by Kaplan–Meier method. The death incidence
at 6, 12, 24, and 48 months was 31.25% (95% CI 16.13%–47.64%),
62.50% (95% CI 42.92%-77.01%), 69.44% (95% CI 49.22%–82.90%)
and 93.12% (95% CI 48.55%–99.30%), respectively.

4 FERRARI ET AL.
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3.1 | Prognostic variables

In univariate analysis (Table 1), the cumulative incidence of metastases

significantly increased with increasing mitotic count (Figure 3). Mitotic

TABLE 1 Univariate analysis for the occurrence of metastatic
disease. Estimates by Fine and Grey regression model for competing
risks. Results of Fine and Grey model are reported in terms of sub-
distribution hazard ratio (SDHR) with 95% confidence interval and
Wald test. SDHR are not simple to be interpreted in terms of a
measure of clinical impact, nevertheless they are directly related to
the cumulative incidence of metastases. For categorical variables a
value of SDHR significantly greater than 1.00 implies a significant
greater incidence of metastases for the category of the variable in
comparison to the reference one. For variables on numerical scale a
value of SDHR significantly greater than 1 for each unit increase of
the variable implies a significant progressive increase of the incidence
of metastases with the increase of the variable values.

Variable SDHR 95% C.I. p-value

Age

1 year increase 1.092 0.891–1.34 .400

Sex

F versus M 1.204 0.542–2.671 .650

Weight

1 kg increase 1.001 0.966–1.038 .950

Symptoms

Yes versus No 2.171 0.648–7.279 .210

CBC Abnormalities

Yes versus No 2.53 0.982–6.52 .055

Anaemia

Yes versus No 1.329 0.574–3.074 .510

Neutrophilia

Yes versus No 1.649 0.674–4.034 .270

Biochemistry abnormalities

Yes versus No 1.205 0.56–2.587 .630

US Appearance

Complex mass + hyperecoic

versus hypoechoic mass

2.088 0.804–5.424 .130

Abdominal effusion

Yes versus No 1.2 0.364–3.957 .760

Mitotic count

1 mitosis increase 1.022 1.006–1.038 .005*

Mitotic count

>9 versus < =9 2.319 1.018–5.28 .045*

Mitosis scoring

2 versus 1 1.512 0.542–4.214 .43

3 versus 1 2.637 1.508–8.772 .004*

Necrosis scoring

1 versus 0 0.275 0.114–0.663 .004*

2 versus 0 0.416 0.157–1.102 .078

Total score

1 score increase 1.563 1.156–2.04 .003*

Histological grading

3 versus 1 + 2 2.047 0.99–4.234 .053

Histotypea

SSS from CNH versus uSSS 0.71 0.301–1.678 .44

(Continues)

TABLE 1 (Continued)

Variable SDHR 95% C.I. p-value

Leiomyosarcoma versus uSSS 0.641 0.213–1.933 .43

Chemotherapy

Yes versus no 1.078 0.468–2.482 .86

Abbreviations: *, significant p-value; 95% C.I., 95% confidence interval;

CNH, complex nodular hyperplasia; p-value, p-value of the Wald statistic;

SDHR, sub-distribution hazard ratio; SSS, splenic stromal sarcoma; uSSS,

undifferentiated splenic stromal sarcoma.
aThe categorisation ‘others’ was not included in the statistical model due

to the presence of only two cases. The variable ‘histologic differentiation
scoring’ has not been included due to the high frequency in score 3 than

score 1 and 2 (respectively, 26 vs. 3 and 3 cases).

F IGURE 3 Fine and Grey model estimated cumulative incidence
of metastasis at 6, 12, 24 months based on the mitotic count. Dotted
line = 6 months; Dashed line: 12 months; Continuous line:
24 months. The points above the x axes are the observed values of
mitotic counts in the sample. The non-linear effect, modelled by
regression splines, was not significant (p = .12); thus, only the results
of the model with linear effect were reported. At 6, 12, and
24 months, for 1 mitotic count, the estimated cumulative incidence
was 30%, 50%, and 61%, respectively, and increased to 57%, 80%,
and 89%, respectively, for 40 mitotic counts.

F IGURE 4 Cumulative incidence of metastasis for mitosis
considering the cut-off of 9 estimated by method for competing risks.
Dashed line: >9 mitotic count; Continuous line: <=9 Mitotic counts.

FERRARI ET AL. 5
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count was a significant prognostic factor for metastases also by apply-

ing a cut-off of 9 (p = .045; Figure 4). When the mitotic count was

classified into three categories by scoring, the cumulative incidence of

metastases increased with the increasing score, but only the incidence

for score 3 was significantly higher than the incidence for score

1 (p = .004). The cumulative incidence of metastatic disease also

increased significantly with the increase of the total score (p = .003).

Conversely, the increasing of the necrosis score seemed to

decrease the metastatic probability, but only the cumulative incidence

TABLE 2 Bivariate analysis for the occurrence of metastatic
disease. Estimates by Fine and Grey regression model for competing
risks. Results of Fine and Grey model are reported in terms of sub-
distribution hazard ratio (SDHR) with 95% confidence interval and
Wald test. SDHR are not simple to be interpreted in terms of a
measure of clinical impact, nevertheless they are directly related to
the cumulative incidence of metastases. For categorical variables a
value of SDHR significantly greater than 1.00 implies a significant
greater incidence of metastases for the category of the variable in
comparison to the reference one. For variables on numerical scale a
value of SDHR significantly greater than 1 for each unit increase of
the variable implies a significant progressive increase of the incidence
of metastases with the increase of the variable values.

Variables SDHR 95%C.I. p-value

Mitotic count and necrosis

1 mitosis increase 1.023 1.01–1.036 <.01*

Necrosis score 1 versus 0 1.851 0.767–4.446 .17

Necrosis score 2 versus 0 2.447 0.329–18.196 .38

Mitotic count and total score

1 mitosis increase 1.013 0.989–1.037 .3

1 score increase 1.388 0.972–1.981 .071

Mitotic count and grading

1 mitosis increase 1.015 0.991–1.039 .23

Histological grade 3 versus

1–2
1.617 0.585–4.471 .35

Necrosis and total score

Necrosis score 1 versus 0 1.205 0.461–3.153 .7

Necrosis score 2 versus 0 0.831 0.106–6.543 .86

1 total score increase 1.538 1.158–2.043 .003*

Necrosis and grading

Necrosis score 1 versus 0 1.449 0.573–3.664 .43

Necrosis score 2 versus 0 1.217 0.158–9.356 .85

Histological grade 3 versus

1–2
2.182 1.016–4.686 .045*

Total score and grading

1 total score increase 1.639 0.893–3.01 .11

Histological grade 3 versus

1–2
0.836 0.177–3.941 .82

Abbreviations: *, significant p-value; 95% C.I., 95% confidence interval;

HR, sub-distribution hazard ratio; p-value, p-value of the Wald statistic.

TABLE 3a Propensity score analysis: association of each variable
to the chemotherapy proposal by clinicians. Results of univariate
logistic regression model.

Variable OR 95% C.I. p-value

Age

1 year increase 0.605 0.391–0.937 0.024*

Sex

F versus M 1.333 0.327–5.434 .688

Weight

1 kg increase 1.037 0.97–1.109 .288

CBC Abnormalities

Yes versus No 0.167 0.029–0.968 .046*

Anaemia

Yes versus No 0.255 0.057–1.138 .073*

Neutrophilia

Yes versus No 0.214 0.046–0.994 .049*

Biochemistry abnormalities

Yes versus No 1.5 0.354–6.347 .582

Abdominal effusion

Yes versus No 0.106 0.011–1.05 .055*

Mitotic count

1 mitosis increase 1.016 0.975–1.058 .457

Mitosis scoring

2 versus 1 0.278 0.048–1.623 .155

3 versus 1 1.111 0.19–6.492 .907

Necrosis scoring

1 versus 0 0.804 0.181–3.57 .774

2 versus 0 0.313 0.022–4.413 .389

Total score

1 score increase 0.745 0.414–1.340 .325

Histological grading

3 versus 1 + 2 2.5 0.548–11.41 .237

Abbreviations: *, significant p-value; 95% C.I., 95% confidence interval;

OR, odds ratio; p-value, p-value of the Wald statistic.

TABLE 3b Propensity score analysis – reduce model. Results of
the backward selection procedure.

Variable OR 95% C.I. p-value

Age

1 year increase 0.562 0.338–0.935 .027*

Neutrophilia

Yes versus No 0.132 0.018–0.971 .047*

Abdominal effusion

Yes versus No 0.122 0.01–1.552 .105*

Abbreviations: *, significant p-value; 95% C.I., 95% confidence interval;

OR, odds ratio; p-value, p-value of the Wald statistic.
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of metastases for score 1 (≤50% of necrosis) was significantly lower

than the cumulative incidence of metastases for score 0 (absent of

necrosis) (p = .004).

Given the main clinical/pathologic interest, the bivariate models

included the following variables: mitotic count, necrosis, total score,

and grading. In bivariate analysis, mitotic count, histologic grading, and

total score resulted a significant prognostic factor for the incidence of

metastases when adjusted for necrosis (Table 2).

The administration of chemotherapy did not impact survival

(p = .91, HR 0.96, 95% CI 0.451–2.044). Chemotherapy was offered

more often to young dogs (the propensity decreased with higher age)

and those without CBC abnormalities, anaemia, neutrophilia, or

abdominal effusion (Table 3a). When all these variables were jointly

included in the model, and a reduced model was found by backward

procedure, only age, neutrophilia, and abdominal effusion were main-

tained (Table 3b). Considering the same propensity score, dogs under-

going adjuvant chemotherapy had greater incidence of death

compared with those undergoing surgery alone. Nevertheless, metas-

tases incidence tended to decrease with the increased propensity

score (Tables 4a and 4b).

4 | DISCUSSION

The findings of this study align with the existing literature, which

indicates that SSS are relatively rare in dogs.12–14 Over a period of

13 years, this study collected only 32 cases from multiple institutions,

highlighting the uncommon nature of this tumour in the canine

population.

The study's results confirm the aggressive biological behaviour of

SSS, with the majority of dogs (19 out of 32; 59.4%) succumbing to

metastatic disease within 12 months of diagnosis. However, there

was a small subset of dogs that survived or died of tumour-unrelated

causes for over 450 days from diagnosis. This variability in survival

times may contribute to the heterogeneous survival data reported in

previous studies, which often lacking comprehensive clinical staging

and therapeutic information, as well as different histotype

inclusion.8–14 In the earlier reports, predating the reclassification of

splenic fibrohistiocytic nodules, and documented survival times rang-

ing from 2 to 9 months.6,8,9 A study by Moore and colleagues11

reported a median survival time of 488 days in a small cohort of 8 dogs

with confirmed SSS.11 Another recent study involving 33 dogs with

uSSS and SSS from CNH reported a median post-splenectomy survival

time of 439 days.13 A larger study on 59 cases reported a median sur-

vival time of 166 days, although no specific staging or therapy data

were analysed.14 Conversely, a separate study on 42 visceral sarco-

mas, including 20 SSSs (of which 8 uSSSs, 5 STS, 3 leiomyosarcomas,

2 fibrosarcomas, 1 myxosarcoma, and 1 PNST), reported a median sur-

vival time of 599 days.12 This discrepancy in survival outcomes fur-

ther emphasises the challenge in assessing the biological behaviour of

SSS and the complex nature of its histotype diagnosis and clinical

management.

The study findings reinforce the importance of including mitotic

count as an independent prognostic factor in the pathology report of

SSS. Mitotic count has been consistently identified as a reliable indica-

tor for the development of metastasis and should be routinely

assessed to provide valuable prognostic information for guiding treat-

ment decisions. The cut-off of 9 for the mitotic index was first pro-

posed by Spangler et al.7 in a case series of 76 SNANLSTS and

subsequently confirmed by Linden and colleagues12 in dogs with vis-

ceral sarcomas.7,12 The significance of the mitotic count in predicting

survival outcomes and metastatic development in SSS is further sup-

ported by the study conducted by Wittenberns and colleagues,13 who

also utilised a mitotic count cut-off of 9. Their findings demonstrated

a significant association between the mitotic count and survival in

SSS. In line with these findings, the present study also identified the

cut-off of 9 mitoses per 10 high power fields (equivalent to 2.37 mm2)

as a significant predictor of metastatic development. The use of a

prognostic cut-off implies that all cases below that value will exhibit

a uniformly better prognosis, while all cases above it will have a uni-

formly worse prognosis (or vice versa). However, in the present study,

an increased incidence of metastasis was observed with each incre-

mental increase in mitotic count, indicating that the use of a cut-off

value of 9 may not accurately distinguish between two prognostic

groups. Therefore, the effectiveness of the cut-off value for stratifying

prognosis may be limited in this context. The incidence of metastasis

constantly increased at 6, 12, and 24 months for each increase of

1 mitotic count up to the count of 40. The acknowledgement of the

limited number of cases with high mitotic counts and the potential

TABLE 4a Prognostic impact of chemotherapy on metastasis
adjusted for the propensity score. Results of the Fine and Grey
regression model for competing risks. When the variable
‘chemotherapy’ had been adjusted for the propensity score the SDHR
increase (2.11 vs. 1.078) and although not yet statistically significant,
the p-value tended to decrease (.19 vs. .86) therefore the impact of
chemotherapy on the incidence of metastases tended to be reduced.

Variable (on metastasis) SDHR 95% C.I. p-value

Chemotherapy

Yes versus no 2.11 0.699–6.375 .19

Propensity score

1 score increase 0.78 0.622–0.997 .031

TABLE 4b Prognostic impact of chemotherapy on survival
adjusted for the propensity score. Results of Cox regression model.
When the variable ‘chemotherapy’ had been adjusted for the
propensity score the HR increase (1.909 vs. 0.96) and although not
yet statistically significant, the p-value tend to decrease (.22 vs. .91)
therefore the impact of chemotherapy on the incidence of death
tended to be reduced.

Variable (on survival) HR 95% C.I. p-value

Chemotherapy

Yes versus no 1.909 0.676–5.396 .22

Propensity score

1 score increase 0.759 0.597–0.965 .025

FERRARI ET AL. 7
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complexity of the prognostic relationship for values higher than 40 is

an important consideration. The presence of only two cases with

mitotic counts above 40 indicates a rarity of such occurrences in the

study population. It is indeed ideal to have a uniform distribution of

values across the entire range of mitotic counts to accurately assess

the relationship between mitotic count and metastasis risk. However,

due to the limited number of cases and the rarity of high mitotic

counts, obtaining a balanced distribution becomes challenging. The

removal of the exceptionally high mitotic count of 106 from the over-

all statistical analysis to test its influence and finding that the slope of

the relationship was negligibly affected suggests that this outlier

did not significantly impact the overall findings (data not shown).

However, cautious interpretation is still warranted, considering the

limited number of cases with high mitotic counts.

The histologic grading used here was taken from that used for

STS.18–20 In a recent paper including visceral splenic and non-splenic

STS, dogs with grade III were more likely to develop metastatic dis-

ease, and the histologic grading system was associated with survival.12

The finding that histologic grade showed an impact on the risk of

metastasis in the univariate analysis, but not in the bivariate analysis

when adjusted for necrosis, suggests that the relationship between

histologic grade and metastasis in SSS is influenced by other factors

such as necrosis and mitotic count. Based on the assumption that his-

tologic grading is based on the concurrent evaluation of necrosis,

mitotic count, and differentiation, mitotic count had a major impact

on metastatic risk. This consideration also held for the variable ‘total
score’, which analysed the sum of necrosis, mitotic count, and differ-

entiation score in a continuous scale.

Tumour necrosis leads to intra-tumour hypoxia, which is related

to an increased metastatic potential.29 Thus, it is reasonable to

assume that an increased risk of metastases would accompany

increasing intratumoral necrosis. Conversely, the results of the current

study contradicted this finding. Increased necrosis score was associ-

ated with a decreased risk of metastases. There are some explanations

for this finding. FFPE blocks were obtained from different institutions,

potentially using different trimming techniques, which may have influ-

enced the percentage of necrosis. It is plausible that certain necrotic

areas were not sampled, while others were extensively included in the

blocks, thereby resulting in under- or overestimation of the necrosis

percentage. Alternatively, tumours with higher necrosis scores may be

more susceptible to hypoxia, and neoplastic cells may be unable to

develop more aggressive behaviour. Further studies standardising

gross description and trimming methods are necessary to gain a better

understanding of the influence of necrosis on metastatic risk.30

It is currently unknown whether chemotherapy improves the out-

come. Twenty-three (71.9%) dogs developed metastases, suggesting

that considering adjuvant chemotherapy may be prudent. Similarly, it

is unknown which chemotherapeutic agent works best: doxorubicin

was more commonly used, possibly because it has shown efficacy

against splenic hemangiosarcoma.31–34 Considering the absence of a

significant influence of adjuvant chemotherapy on the occurrence of

metastases, a separate analysis was conducted to evaluate its effect

on survival time. However, it did not seem to reduce the metastatic

risk or increase survival time in this case series. Given the retrospec-

tive nature of this study and the subjective nature of clinicians' and

owners' decision-making regarding adjuvant treatment, a propensity

score analysis was subsequently employed. The adjustment for the

propensity score aimed at minimising the bias in comparing treat-

ments caused by variations in the distribution of variables between

patients who received treatment and those who did not.27,35 Never-

theless, the adjustment for the propensity score did not alter the

prognostic impact of adjuvant chemotherapy.

The diagnosis of SSS is often made in the case of mesenchymal

tumours deriving from the stroma. However, the term SSS should

be limited to tumours that do not have a specific morphology and

phenotype (thus, better reported as uSSS). In this caseload, tumours

had been assigned to a specific histotype, limiting the diagnosis of

uSSS to those cases expressing only vimentin and devoid of specific

morphologic features. No difference in metastatic rate was

observed among the 3 more frequent histotypes. However, this data

should be considered cautiously because of the low number of

cases in each category. In addition, it is still unclear whether SSS

arising from CNH and uSSS may represent a continuum of the same

malignant transformation of the stromal component of complex

nodular hyperplasia. The authors auspicate the continuous applica-

tion of IHC to reach a specific diagnosis (whenever possible) before

accepting the umbrella terminology of SSS. In addition, this

approach would allow for the exclusions of tumours with a poorer

prognosis or specific therapeutic indications, which should not be

included into the ‘umbrella’ terminology of SSS, such as hemangio-

sarcoma, histiocytic sarcoma, and lymphoma. In cases where a

definitive diagnosis cannot be established, a diagnosis of ‘complex

splenic nodule’ should be assigned.11,13,22

Limitations of the study include the retrospective and multicentric

nature. The optimal approach for prognostic analysis is to include the

whole variable set in the model. However, this was impossible in this

case series because of the small number of dogs developing metasta-

ses. A minimum number of events per variable are suggested to be

10 to obtain reliable model results in competing risks setting;27 thus,

only multivariate models with two variables were performed. Staging,

restaging, and chemotherapy protocols were not standardised. Finally,

the limited number of events implies a low statistical power, and pos-

sible prognostic factors may not have emerged.

In conclusion, canine SSSs are generally associated with a high

risk of metastasis, typically occurring within 12 months of surgery.

However, a subset of dogs may have longer survival following sple-

nectomy. Notably, mitotic count emerged as a constant prognostic

factor maintaining its significance even when evaluated on a continu-

ous scale. Adjuvant chemotherapy demonstrated no efficacy in avert-

ing metastatis or extending survival. Further prospective studies are

warranted to validate the role of specific histotypes and ascertain

effective therapeutics interventions.
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