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Splenic masses in dogs include malignant neo-
plasms such as hemangiosarcoma, nonendothelial 

sarcomas, and lymphoma and benign lesions such as 
hematoma and nodular hyperplasia.1–3 Hemangiosar-
coma, an aggressive cancer with a high rate of metas-
tasis, is the most common malignant splenic mass.2–5 
Median survival times reported for dogs with heman-
giosarcoma are 19 to 86 days after splenectomy alone 
and 117 to 277 days after splenectomy with adjuvant 
treatment.6–14 Other malignant splenic masses are 
less common but are frequently disseminated and ul-
timately fatal.15,16 In contrast, dogs with benign splen-
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OBJECTIVE
To develop a multivariable model and online decision-support calculator to 
aid in preoperative discrimination of benign from malignant splenic masses 
in dogs.

ANIMALS
522 dogs that underwent splenectomy because of splenic masses.

PROCEDURES
A multivariable model was developed with preoperative clinical data ob-
tained retrospectively from the records of 422 dogs that underwent sple-
nectomy. Inclusion criteria were the availability of complete abdominal 
ultrasonographic examination images and splenic histologic slides or his-
tology reports for review. Variables considered potentially predictive of 
splenic malignancy were analyzed. A receiver operating characteristic curve 
was created for the final multivariable model, and area under the curve was 
calculated. The model was externally validated with data from 100 dogs that 
underwent splenectomy subsequent to model development and was used 
to create an online calculator to estimate probability of splenic malignancy 
in individual dogs.

RESULTS
The final multivariable model contained 8 clinical variables used to estimate 
splenic malignancy probability: serum total protein concentration, presence 
(vs absence) of ≥ 2 nRBCs/100 WBCs, ultrasonographically assessed splenic 
mass diameter, number of liver nodules (0, 1, or ≥ 2), presence (vs absence) 
of multiple splenic masses or nodules, moderate to marked splenic mass 
inhomogeneity, moderate to marked abdominal effusion, and mesenteric, 
omental, or peritoneal nodules. Areas under the receiver operating char-
acteristic curves for the development and validation populations were 0.80 
and 0.78, respectively.

CONCLUSIONS AND CLINICAL RELEVANCE
The online calculator (T-STAT.net or T-STAT.org) developed in this study 
can be used as an aid to estimate the probability of malignancy in dogs with 
splenic masses and has potential to facilitate owners’ decisions regarding 
splenectomy. ( J Am Vet Med Assoc 2021;258:1362–1371)

ic masses such as hematoma and nodular hyperplasia 
have an excellent prognosis after splenectomy.13,15

The decision of whether to elect surgery for a dog 
with a splenic mass can be difficult for owners because 
of the disparity in prognosis between dogs with benign 
and malignant masses and because many dogs are pre-
sented with acute signs related to sudden intra-abdom-
inal hemorrhage requiring urgent surgery. Currently, 
there is no widely available test that allows veterinar-
ians to quickly and reliably distinguish benign from ma-
lignant splenic masses soon after a dog is admitted to 
the hospital. In a study17 of 40 dogs with nontraumatic 
hemoabdomen, hemangiosarcoma-related hemoabdo-
men could not be reliably differentiated from hemoab-
domen due to other causes on the basis of cytologic 
evaluation of abdominal and peripheral blood smears 
or assessment of a wide range of routinely measured 
abdominal fluid and blood analytes. Ultrasound-guided 
FNA results were shown to be well correlated with core 

ABBREVIATIONS
aPTT  Activated partial thromboplastin time
FNA  Fine-needle aspiration
nRBCs  Nucleated RBCs
PT  Prothrombin time
ROC  Receiver operating characteristic
STP  Serum total protein
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needle biopsy results in a study18 of 41 dogs with various 
splenic diseases; however, many of the dogs had diffuse 
splenomegaly rather than splenic masses, and dogs with 
hemangiosarcoma, acute hemoabdomen, or both were 
underrepresented. In dogs with splenic hemangiosar-
coma undergoing FNA, hemodilution often complicates 
cytologic interpretation,19 and both FNA and core nee-
dle biopsy results may reveal only blood clots and other 
nonspecific findings.19,20 Studies have indicated that in-
creased serum concentrations of the biomarkers thymi-
dine kinase 121 and collagen XXVII peptide22 have po-
tential to aid in the differentiation of hemangiosarcoma 
from other splenic masses.

Ultrasonography has appeal as an imaging test 
with potential to allow discrimination of benign from 
malignant splenic masses because it is widely avail-
able and is routinely used for initial identification of 
the mass. Splenic hemangiosarcomas typically are in-
homogeneous, containing interspersed areas that are 
anechoic, hypoechoic, and hyperechoic.23 Splenic 
target lesions (masses or nodules with a hypoechoic 
rim and a hyper- or isoechoic center) are occasionally 
seen and are frequently, but not consistently, malig-
nant.24 Contrast harmonic ultrasonography was not 
found to be useful for differentiating splenic heman-
giosarcoma from hematoma in one study25 and was 
found to have some discriminatory value in anoth-
er.26 Although benign and malignant splenic masses 
are generally accepted to be indistinguishable with 
non–contrast-enhanced ultrasonography,25 to the 
best of the authors’ knowledge, the use of a combi-
nation of ultrasonographic features, including the 
size and number of splenic masses and their degree 
of inhomogeneity, has not been investigated for this 
purpose in a large number of dogs.

The lack of laboratory and imaging tests that can 
reliably distinguish benign from malignant masses has 
led clinicians to rely on broad guidelines that pertain 
to the general population of dogs with splenic masses. 
One of these is described as the law of two-thirds: ap-
proximately two-thirds of dogs with a splenic mass 
have a malignant tumor, and approximately two-thirds 
of malignant splenic tumors are hemangiosarcomas.20 
Similarly, retrospective investigations have indicated 
that 63%27 and 70%28 of dogs with nontraumatic he-
moabdomen have splenic hemangiosarcoma, and 76% 
of dogs with splenic masses that cause hemoabdomen 
requiring transfusion have hemangiosarcoma.29 It is 
also known that benign splenic masses are typically 
larger than malignant masses at the time of diagnosis.30 
Although these observations are important, they have 
limited value in predicting the type of splenic mass 
for individual dogs with various signalments, clinical 
signs, and laboratory and diagnostic imaging findings. 
The limitation is particularly concerning because own-
ers of dogs with splenic masses are often faced with a 
choice between surgery and euthanasia, and reliance 
on broad probabilities may result in decisions to elect 
euthanasia for dogs with a curable disease.

In human medicine, a common solution to the 
problem of risk assessment and prognostication for in-
dividual patients is the development of online clinical 

decision-support calculators that can estimate the prob-
abilities of various clinical outcomes such as having a 
given disease or experiencing a certain response to 
treatment.31,32 These calculators are developed through 
multivariable analyses of potential predictive variables 
selected by clinicians using data from a large series of 
patients with known outcomes and can facilitate deci-
sion-making for both clinicians and patients. Recently, 
a decision-support model was developed for estimating 
a risk score for hemangiosarcoma in dogs with nontrau-
matic hemoabdomen.33 Variables included in the model 
were body weight, plasma total protein concentration, 
platelet count, and thoracic radiographic findings. Areas 
under the ROC curve (a measure of the discriminatory 
accuracy of predictive models) for the model develop-
ment and external validation populations in that study33 
were 0.85 and 0.77, respectively.

The purpose of the study reported here was to 
develop and validate a multivariable model and online 
decision-support calculator that could be used to esti-
mate the probability of malignancy in individual dogs 
with splenic masses on the basis of preoperative vari-
ables obtained for a large number of dogs with known 
diagnoses. Our hypothesis was that a model with a 
degree of accuracy adequate to aid in clinical decision-
making could be developed.

Materials and Methods
Case selection

Electronic medical records searches were con-
ducted to identify dogs that underwent splenectomy 
for a splenic mass at the Foster Hospital for Small Ani-
mals, Cummings School of Veterinary Medicine, Tufts 
University, or at TuftsVETS, a satellite referral hospital. 
A non–commercially available electronic medical re-
cords system was used before June 1, 2014, and a com-
mercially available systema was used after that time.

For purposes of model development, the medical 
records from August 1, 2001, to July 31, 2012, were 
searched. The search terms included splenectomy and 
hemangiosarcoma. Dogs were included in this part of 
the study if images obtained during preoperative ab-
dominal ultrasonographic examination and histologic 
slides or a histology report for the excised splenic mass 
were available for review.

Medical records review
Preoperative data collected from the medical re-

cords included signalment, body weight, clinical signs, 
physical examination findings, results of laboratory tests 
(CBC, serum biochemical analysis, measurements of se-
rum lactate concentration before and after fluid resusci-
tation, coagulation profiles, and thromboelastography) 
and results of thoracic radiography and abdominal ul-
trasonography. Laboratory results were considered only 
if they were performed at admission or ≤ 30 days before 
this date; when sequential results were recorded, the 
values obtained closest to the time of splenectomy were 
used. Prothrombin time and aPTT were measured in 
citrated whole blood with a handheld deviceb or in non-
citrated samples with a laboratory-based device.c The 



Small Animals

1364 JAVMA  |  JUN 15, 2021  |  VOL 258  |  NO. 12

reference intervals for the hand-held de-
vice (PT, 11 to 17 seconds; aPTT, 72 to 
102 seconds) were considerably wider 
than those for the laboratory-based de-
vice (PT, 6.2 to 9.3 seconds; aPTT, 8.9 to 
16.3 seconds). To adjust for this, coagu-
lation times in seconds were converted 
to percentages of the upper limit of the 
respective reference intervals.

Diagnostic imaging
A board-certified veterinary radiolo-

gist (RK), who was blinded to the his-
tologic diagnoses of the splenic masses, 
retrospectively evaluated ultrasono-
graphic variables by use of recorded 
still images and cineloops. All images 
had been obtained with dogs gently re-
strained in a position as close to dorsal 
recumbency as possible. If the recorded 
images were not sufficient for assessing 
an individual variable (eg, when the en-
tire splenic mass was not included in an 
image), imaging reports were reviewed. 
If a variable could not be assessed by re-
view of the images or imaging reports, 
the dog was excluded from the study. 
Data collected included severity of any 
abdominal effusion; diameter and num-
ber of splenic masses; severity of any 
splenic mass inhomogeneity; presence 
of 0, 1, or ≥ 2 liver nodules; and presence 
or absence of nodules in the mesentery, 
omentum, or peritoneum.

Abdominal effusion was subjective-
ly categorized on the basis of volume as 
none, mild, moderate, or marked (Fig-
ure 1). Dogs considered to have mild ab-
dominal effusion had small, hypoechoic 
to anechoic triangular foci extending 
around visceral organs. Dogs considered 
to have moderate effusion had larger, yet 
isolated, approximately triangular foci 
separating visceral organ structures. In 
dogs considered to have marked effu-
sion, visceral structures and mesentery 
floated in and were surrounded by hy-
poechoic to anechoic regions.

The largest measurable diameter 
of the splenic mass was determined. 
When multiple splenic masses were 
present, diameter and inhomogeneity 
of the largest mass were assessed. To 
account for the possible influence of 
the relationship between patient size 
and mass size, the ratio of mass diam-
eter (in centimeters) to body weight 
(in kilograms) was calculated. Splenic 
mass inhomogeneity was subjectively categorized 
as none, mild, moderate, or marked (Figure 2). The 
most inhomogeneous region of each mass was used 
for the inhomogeneity assessment. Dogs considered to 

have mild splenic mass inhomogeneity had regions of 
mildly mixed echogenicity, including regional altera-
tions in echotexture. Dogs considered to have mod-
erate splenic mass inhomogeneity had more disparity 

Figure 1—Representative preoperative ultrasonographic images showing abdominal 
effusion (arrows) subjectively categorized as mild (A), moderate (B), and marked (C) in 
dogs that underwent splenectomy. Notice the mesentery (asterisks) floating within the 
effusion in panel C. Dashed lines in the scale bars to the right of the images represent 
distance in 1-cm increments.

https://avmajournals.avma.org/action/showImage?doi=10.2460/javma.258.12.1362&iName=master.img-000.jpg&w=300&h=205
https://avmajournals.avma.org/action/showImage?doi=10.2460/javma.258.12.1362&iName=master.img-001.jpg&w=299&h=183
https://avmajournals.avma.org/action/showImage?doi=10.2460/javma.258.12.1362&iName=master.img-002.jpg&w=300&h=175
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between normal and affected regions, 
often with mixed regions of hypo- and 
hyperechogenicity. Dogs considered 
to have marked inhomogeneity had 
marked disparity between hypoechoic 
and hyperechoic regions and often had 
effacement of all normal parenchymal 
architecture in the affected regions, 
foci of cavitation, or both.

Histologic evaluation
One veterinary pathologist (JAL) 

reviewed all available histologic slides. 
When slides were unavailable for re-
view, the initial histologic diagnosis 
was obtained from the medical records. 
For dogs with an initial diagnosis of un-
differentiated sarcoma, immunohisto-
chemical testing for factor VIII–related 
antigend was performed, and factor 
VIII–positive tumors were recatego-
rized as hemangiosarcoma.34 Dogs with 
grade 1 or 2 fibrohistiocytic nodules 
were classified as having benign dis-
ease, and dogs with grade 3 fibrohistio-
cytic nodules were classified as having 
malignant disease. Grading was per-
formed on the basis of the lymphoid-to-
fibrohistiocytic cell ratio as previously 
described.35

Statistical analysis
Multivariable model development—

Variables considered to have potential 
to be predictive of splenic malignancy 
were selected prior to statistical analy-
sis. Variables for which the prepon-
derance of results were the same (eg, 
results of thoracic radiography for pul-
monary metastases) and variables that 
could not consistently be accurately 
assessed through a review of medical 
records (eg, the nature and duration 
of clinical signs directly related to the 
splenic mass) were not examined.

Univariable logistic regression 
analysise was performed to estimate 
the strength of associations between 
the selected variables and the presence 
of a malignant splenic mass. To deter-
mine whether relationships between 
continuous variables and malignancy 
were linear or nonlinear, smoothed 
splines depicting the relationship be-
tween each variable and likelihood of 
malignancy were created. The splines 
were examined for linearity by use of 
restricted cubic spline regression.f For 
continuous variables that had nonlinear 
relationships with malignancy, if the 
smoothed spline contained a single in-
flection point, piecewise linear regres-
sion was performed with a cutpoint 

Figure 2—Representative preoperative ultrasonographic images of splenic masses 
showing inhomogeneity subjectively categorized as mild (A), moderate (B),  and marked 
(C) in dogs that underwent splenectomy. A—Regions of mildly mixed echogenicity are 
present in the splenic mass (arrows). B—There is greater disparity in echotexture, 
compared with the mass in panel A; the mass effaces normal splenic architecture. C—
The mass effaces normal splenic architecture with marked disparity between hypo- and 
hyperechoic regions, and cavitations, a feature of marked inhomogeneity, are present 
(asterisks). See Figure 1 for remainder of key.

https://avmajournals.avma.org/action/showImage?doi=10.2460/javma.258.12.1362&iName=master.img-003.jpg&w=300&h=207
https://avmajournals.avma.org/action/showImage?doi=10.2460/javma.258.12.1362&iName=master.img-004.jpg&w=300&h=192
https://avmajournals.avma.org/action/showImage?doi=10.2460/javma.258.12.1362&iName=master.img-005.jpg&w=299&h=200
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corresponding to the inflection point. To simplify 
multivariable analysis when the smoothed spline con-
tained > 1 inflection point, the variable was converted 
to a categorical variable with cutpoints corresponding 
to the inflection points.

Variables that had values of P ≤ 0.20 in the univari-
able analysis for association with malignancy were 
considered for multivariable regression analysis.e 
Variables for which values were not available for ≥ 
95% of the dogs were omitted from this analysis. 
Backward stepwise regression analysis was used, and 
all variables with a value of P < 0.05 were included 
in the final model. An ROC curve was created for the 
final model, and the area under the curve was calcu-
lated and used to assess the ability of the model to 
discriminate benign from malignant splenic masses. 
Mean estimated probabilities of malignancy were cal-
culated for dogs with histologically confirmed benign 
and malignant tumors. Diagnostics, including exami-
nation of deviance residuals and measurements of 
the effects of deleting each variable on the remaining 
regression coefficients (ie, DFBETA statistics), were 
performed to determine whether the final model was 
unduly influenced by outlying data. Estimated prob-
abilities produced by the decision-support calculator 
being developed were checked against probabilities 
produced by the statistical software.e

External model validation—Subsequent to model 
development, 100 additional dogs that underwent 

splenectomy for splenic masses between June 1, 
2015, and November 30, 2018, were identified 
through a search of electronic medical records. 
Search terms included splenectomy and hemangio-
sarcoma. Dogs were included in the validation pop-
ulation if they had values for all variables included 
in the final multivariable model and if histologic 
slides or a histology report for the excised splenic 
mass were available. One board-certified veterinary 
radiologist (RK), blinded to the histologic diagnoses 
of the splenic masses, reviewed all available ultra-
sonographic images, and a board-certified patholo-
gist (NAR) reviewed all available histologic slides as 
described for dogs in the model development por-
tion of the study. The β coefficients (indicators of 
the strength and direction of the relationships be-
tween the predictor variables and an outcome of ma-
lignancy) from the model were applied to the data 
set for the validation population, an ROC curve was 
generated, and the area under the ROC curve was 
determined.e The final model was used to develop 
an online decision-support calculator that can be 
used by veterinarians to quickly estimate the prob-
ability of malignancy for individual dogs.

Results
A total of 422 dogs that met the study inclusion cri-

teria were used for model development. Twenty-three 
dogs were excluded because abdominal ultrasono-

  Dogs with benign Dogs with malignant
Variable No. of dogs* masses (n = 193) masses (n = 229)

Continuous data   
   Age (y) 422 10.6 ± 2.2 10.2 ± 2.3
   Body weight (kg) 415 29.2 ± 13.4 30.8 ± 11.6
   PCV (%) 418 37.5 ± 9.7 32.9 ± 9.0
   PT (%)† 167 0.9 ± 0.2 1.0 ± 0.5
   aPTT (%)† 165 1.1 ± 0.9 1.0 ± 0.4
   Serum lactate (mmol/L) 315 3.2 ± 2.4 4.5 ± 3.3
   Platelet count (X 1,000/µL) 366 248.5 ± 160.6 167.3 ± 138.8
   STP (g/dL) 417 6.7 ± 1.1 6.1 ± 1.2
   Splenic mass diameter (cm) 410 8.8 ± 5.9 7.8 ± 4.6
   Splenic mass diameter-to-body weight ratio (cm/kg) 402 0.4 ± 0.4 0.3 ± 0.3
Categorical data   
   Acanthocytes‡ 52/368 31 (17.9) 21 (10.8)
   ≥ 2 nRBCs/100 WBCs‡ 83/416 21 (10.9) 62 (27.7)
   Schistocytes‡ 37/368 24 (12.3) 13 (7.5)
   Moderate or marked abdominal effusion‡ 144/422 34 (17.6) 110 (48.0)
   Multiple splenic masses or nodules‡ 165/416 50 (26.2) 115 (51.1)
   Moderate or marked splenic mass inhomogeneity‡ 332/413 132 (69.8) 200 (89.3)
   Splenic cavitations‡ 107/177 43 (57.3) 64 (62.8)
   No. of liver nodules   
      0 333/422 163 (84.4) 170 (74.3)
      1 30/422 10 (5.2) 20 (8.7)
         ≥ 2 59/422 20 (10.4) 39 (17.0)
   Mesenteric, omental, or peritoneal nodules‡ 37/417 8 (4.2) 29 (12.9)

Data reflect preoperative findings collected retrospectively from the medical records (including retrospective review of ultrasonographic im-
ages and available histologic slides) of 422 dogs that were used for model development. Results are reported as mean ± SD (continuous variables) 
or number (%) of dogs (categorical variables).

*For continuous data, values in this column indicate the number of dogs with data available. For categorical data, the proportion of dogs with 
data available that had a positive result for the category is shown. †Because different instruments were used to measure the same variable, values 
are reported as the percentage of the upper limit of the applicable reference interval. ‡Recorded as present (vs absent).

Table 1—Descriptive statistics for variables initially considered potentially predictive of splenic malignancy in a study to develop 
a multivariable model and online decision-support calculator to aid in preoperative discrimination of benign from malignant splenic 
masses in dogs.
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 No. of dogs
Variable with data available OR (95% CI) P value

Continuous data   
  Age (y) 422 0.93 (0.85–1.01) 0.09
  Body weight (kg) 415 1.01 (0.995–1.03) 0.20
  PCV (%) 418 0.95 (0.93–0.97) < 0.001
  PT (%)† 167 3.41 (0.92–12.72) 0.07
  aPTT (%)† 165 0.741 (0.43–1.27) 0.28
  Serum lactate (mmol/L) 315 1.19 (1.08–1.30) < 0.001
  Platelet count (X 1,000/µL) 366 0.996 (0.995–0.998) < 0.001
  STP (µg/dL) 417 0.60 (0.50–0.72) < 0.001
  Splenic mass diameter (cm)§ 410  
     ≤ 7  1.27 (1.12–1.44) < 0.001
     > 7  0.87 (0.82–0.93) < 0.001
Categorical data   
   Acanthocytes‡ 368 0.55 (0.30–1.00) 0.052
   ≥ 2 nRBCs/100 WBCs‡ 416 3.12 (1.82–5.35) < 0.001
   Schistocytes‡ 368 1.73 (0.85–3.15) 0.13
   Moderate or marked abdominal effusion‡ 422 4.32 (2.75–6.79) < 0.001
   Splenic mass diameter-to-body weight ratio (cm/kg) 402  
     ≥ 0.4  — —
     0.2 to < 0.4  1.97 (1.91–3.26) 0.008
     < 0.2  2.04 (1.25–3.33) 0.004
   Multiple splenic masses or nodules‡ 416 2.95 (1.95–4.47) < 0.001
   Moderate or marked splenic mass inhomogeneity‡ 413 3.60 (2.13–6.08) < 0.001
   Splenic cavitations‡ 177 1.25 (0.68–2.30) 0.47
   No. of liver nodules 422  
     0  — —
     1  1.92 (0.87–4.22) 0.106
        ≥ 2  1.87 (1.05–3.34) 0.035
   Mesenteric, omental, or peritoneal nodules‡ 417 3.40 (1.52–7.64) 0.003

Odds ratios > 1 or < 1 indicate an increase or decrease in odds of malignancy, respectively. For continuous variables, 
ORs indicate the change in odds with each incremental (1-unit) increase in the value of the variable. For categorical 
variables, ORs indicate the change in odds when the variable is present (vs absent).

§Analyzed with piecewise linear regression owing to a nonlinear relationship with malignancy with a single inflection point. 
— = Not applicable (referent category).
See Table 1 for remainder of key.

Table 2—Results of univariable analysis for variables initially considered to be potentially predictive 
of splenic malignancy for the same dogs as in Table 1.

graphic images were not available, and 9 dogs were 
excluded because histologic slides or reports were 
not available. The mean ± SD age and body weight 
of the 422 dogs were 10.4 ± 2.26 years and 30.11 ± 
12.47 kg (66.24 ± 27.43 lb), respectively. More than 50 
breeds were represented, with Labrador Retrievers (n 
= 45), Golden Retrievers (41), and German Shepherd 
Dogs (28) most commonly included; there were also 
79 mixed-breed dogs. There were 22 sexually intact 
males, 207 neutered males, 9 sexually intact females 
and 184 neutered females.

Histologic slides were available for review for 421 of 
422 dogs. The dog that did not have slides available had 
a diagnosis of hemangiosarcoma. Two hundred twenty-
nine of 422 (54.3%) dogs had malignant splenic masses, 
and 193 (45.7%) dogs had benign splenic masses. Of 17 
malignant masses initially diagnosed as undifferentiated 
sarcoma, 2 tested positive for factor VIII–related anti-
gen on immunohistochemical testing and were reclas-
sified as hemangiosarcoma. Hemangiosarcoma was the 
most common malignant mass, diagnosed in 165 of 422 
(39.1%) dogs overall and in 165 of 229 (72.1%) dogs with 
malignant masses. Other malignant masses were lym-
phoma (n = 20), histiocytic sarcoma (11), undifferentiat-
ed neoplasms (15), grade 3 fibrohistiocytic nodules (10), 
soft tissue sarcomas (4), and unspecified round cell tu-
mor, leiomyosarcoma, metastatic adenocarcinoma, and 

osteosarcoma (1 each). Splenic hematoma was the most 
common benign mass and was diagnosed in 88 of 422 
(20.9%) dogs overall and in 88 of 193 (45.6%) dogs with 
benign masses. Seventy-eight of 193 (40.4%) dogs with 
benign masses had a diagnosis of lymphoid hyperplasia. 
Other benign masses were diagnosed as grade 1 or 2 
fibrohistiocytic nodules (n = 6), extramedullary hema-
topoiesis (6), myelolipoma (4), leiomyoma (1), and other 
benign or nonneoplastic conditions (10).

Ultrasonography variables were determined solely 
on the basis of a retrospective review of the available 
images for 402 of 422 (95.3%) dogs. Written records 
were used to aid assessment of at least one of these 
variables for 20 (4.7%) dogs.

Descriptive statistics and results of univariable anal-
ysis for the variables initially considered to be potential-
ly predictive of splenic malignancy were summarized 
(Tables 1 and 2). Among the continuous variables, age 
and splenic mass diameter were found to have nonlin-
ear relationships with malignancy with single inflec-
tion points. However, because the nonlinearity of the 
relationship between age and malignancy was highly 
influenced by a small number of very young and very 
old dogs, age was treated as a linear variable. For splen-
ic mass diameter, a cutpoint of 7 cm was chosen for 
piecewise linear regression. The splenic mass diameter-
to-body weight ratio and number of liver nodules had 
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nonlinear relationships with splenic malignancy, with 2 
inflection points each, and were converted to categori-
cal variables. The remaining continuous variables had 
linear relationships with malignancy.

Among the categorical variables, abdominal effu-
sion and splenic mass inhomogeneity (initially classi-
fied as none, mild, moderate, or marked) were each 
collapsed into 2 categories. For abdominal effusion, al-
though the OR for patients in the none versus mild cat-
egories was significant (1.67; 95% CI, 1.03 to 2.72; P = 
0.04), the OR for the moderate versus marked catego-
ries was not (0.50; 95% CI, 0.22 to 1.12, P = 0.09). Only 
6 dogs had no splenic mass inhomogeneity, and the OR 
for patients in the moderate versus marked categories 
for this variable was nonsignificant (0.7; 95% CI, 0.46 
to 1.12; P = 0.14). For these reasons, and because it 

would simplify selection of categories by users of the 
decision-support calculator being developed, the cat-
egories of none and mild and the categories of moder-
ate and marked were combined for the abdominal ef-
fusion and splenic mass inhomogeneity variables, and 
these data were reanalyzed (Table 2).

The following variables that had values of P ≤ 0.20 
in the univariable analysis were omitted from multivari-
able analysis because values were not available for ≥ 400 
patients: PT, serum lactate concentration, platelet count, 
presence of acanthocytes, and presence of schistocytes. 
The final candidate variables for multivariable analysis 
were age, body weight, PCV, STP concentration, splenic 
mass diameter, splenic mass diameter-to-body weight ra-
tio, number of liver nodules, and presence (vs absence) 
of ≥ 2 nRBCs/100 WBCs, moderate or marked abdominal 

Figure 3—Receiver operating characteristic curves of the final multivariable model for the development (A; area under the 
ROC curve, 0.80) and validation (B; 0.78) data sets. The development and validation data sets contained 422 and 100 dogs that 
underwent splenectomy, respectively. The 45° diagonal line represents the line of no discrimination. See Table 3 for variables 
included in the final model.

Variable β Coefficient OR (95% CI) P value

Intercept –1.45  
STP (mg/dL) –0.22 0.80 (0.65–1.00) 0.045
≥ 2 nRBCs/100 WBCs‡ 0.85 2.33 (1.23–4.41) 0.009
Moderate or marked abdominal effusion‡ 1.11 3.02 (1.72–5.31) < 0.001
Splenic mass diameter (cm)§   
   ≤ 7 0.22 1.24 (1.07–1.45) 0.006
   > 7 –0.09 0.91 (0.86–0.98) 0.008
Multiple splenic masses or nodules‡ 1.17 3.21 (1.89–5.44) < 0.001
Moderate or marked splenic mass inhomogeneity‡ 1.06 2.89 (1.53–5.48) 0.001
No. of liver nodules   0.029
   1 0.78 2.19 (0.86–5.56) 0.10
   ≥ 2 0.82 2.28 (1.12–4.61) 0.02
Mesenteric, omental, or peritoneal nodules‡ 0.94 2.55 (1.04–6.27) 0.04

The final model included data from 390 dogs that had results for all variables shown. The β coefficient indi-
cates the strength and direction of the relationship between the variable shown and an outcome of malignancy.

See Tables 1 and 2 for remainder of key.

Table 3—Results of the final multivariable model used as the basis for an online decision-support 
calculator that was developed to aid in preoperative discrimination of benign from malignant splenic 
masses in dogs.
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effusion, multiple splenic masses or nodules, moderate 
or marked splenic mass inhomogeneity, and mesenteric, 
omental, or peritoneal nodules. The multivariable analy-
sis included data on 390 dogs for which results were 
available for all of these variables and produced the final 
model shown (Table 3). The area under the ROC curve 
for the final model was 0.80 (95% CI, 0.76 to 0.85; Figure 
3). The mean ± SD estimated probability of malignancy 
yielded by the decision-support calculator was 39 ± 21% 
(95% CI, 36% to 42%) and 66 ± 23% (95% CI, 63% to 70%) 
for dogs that had histologically confirmed benign tumors 
and histologically confirmed malignant tumors, respec-
tively. Results of model diagnostic testing indicated that 
the model was not unduly influenced by outlying data. 
When results produced by the calculator were checked 
against results produced by the statistics software pro-
gram, the difference in predicted probabilities ranged 
from 0.0% to 0.003%.

The population used in the external model validation 
comprised 50 dogs with malignant tumors and 50 dogs with 
benign tumors. Among the malignant tumors, 35 (70%) 
were hemangiosarcomas. The area under the ROC curve 
for the final model developed with data from the validation 
population was 0.78 (95% CI, 0.69 to 0.87; Figure 3).

The final model was used to develop an online deci-
sion-support calculator (available at T-STAT.net or T-STAT.
org).g Details regarding the calculation procedure and 
an example calculation of the probability of malignancy 
based on data from a hypothetical dog are available (Sup-
plementary Appendix S1, available at: avmajournals.
avma.org/doi/suppl/10.2460/javma.258.12.1362).

Discussion
The online decision-support calculator described 

in this report was developed to assist veterinarians in 
advising owners regarding the probability of malignan-
cy in individual dogs with splenic masses and is based 
on data that are commonly collected soon after admis-
sion. The calculator may facilitate owner decisions to 
elect splenectomy or not and has potential to reduce the 
risk that an owner will erroneously elect euthanasia for 
a dog with a benign mass that could have been cured 
by surgical removal. The area under the ROC curve for 
the final statistical model was 0.80, indicating  that for 
any randomly chosen pair of dogs, one with a malig-
nant splenic mass and the other with a benign splenic 
mass, the probability that the model will assign a higher 
probability of malignancy to the dog with the malig-
nant mass is 80%.36 For medical tests, the area under the 
ROC curve in the ranges of 0.7 to < 0.8, 0.8 to < 0.9, and 
≥ 0.9 are considered to indicate acceptable, excellent, 
and outstanding discriminatory ability, respectively.36 
Although the area under the ROC curve for the model 
confirmed our hypothesis that a model with an accu-
racy level adequate to assist in clinical decision-making 
could be developed, the probabilities of malignancy es-
timated by the calculator should always be considered 
as supplementary to the full clinical picture. For exam-
ple, calculator results that do not indicate a high prob-
ability of malignancy should not supersede clear clinical 
evidence that a splenic mass is malignant, such as radio-

graphic evidence of pulmonary metastases or echocar-
diographic evidence of a concurrent right atrial mass.

The finding that STP concentration and the presence 
of moderate or marked abdominal effusion were indepen-
dently associated with malignancy suggested that factors 
other than the degree of blood loss may have influenced 
STP results. For example, it is known that albumin, which 
accounts for 35% to 50% of STP, is a negative acute-phase 
protein that can decrease in response to inflammation of 
any cause, including cancer.37 It has been shown that dogs 
with mammary tumors and clinically detectable metasta-
ses have significantly decreased serum albumin concentra-
tions, compared with dogs that have mammary tumors 
without metastases,38 and that several positive acute-phase 
proteins (produced in response to inflammation) are 
known to be variably increased in the serum of dogs with 
mammary carcinoma and other cancers.39

A possible relationship between splenic hemangio-
sarcoma and the presence of abnormal circulating RBCs, 
including acanthocytes, schistocytes, and nRBCs, has 
long been recognized.20 Acanthocytes and schistocytes 
likely result from mechanical fragmentation within the 
abnormal vasculature of the splenic mass,17,20,40 and be-
cause these cells are normally removed from the circula-
tion by the spleen, they may tend to accumulate in the 
blood of patients with destruction of substantial amounts 
of normal splenic tissue.17,40 Although acanthocytes17,41,42 
and schistocytes are occasionally observed in dogs with 
hemangiosarcoma,1,43 they are also frequently present in 
dogs with nonneoplastic diseases that can cause RBC frag-
mentation17,41–43 and therefore have limited value as an aid 
in determining the presence of hemangiosarcoma. Nucle-
ated RBCs are circulating immature erythrocytes that can 
be associated with anemia of any cause. Consistent with 
the tendency of splenic hemangiosarcomas to rupture and 
bleed, we found that increased circulating concentrations 
of nRBCs (≥ 2/100 WBCs) were an independent predictor 
of malignancy. This proportion was considered abnormal 
in our study because isolated nRBCs can be occasionally 
observed in samples from healthy dogs and were consid-
ered an incidental finding by our laboratory.

Six of the variables included in our model must be as-
sessed through a complete ultrasonographic examination 
of the abdomen. Our finding of an association between 
moderate or marked abdominal effusion and malignancy 
suggested that although benign masses are occasionally 
associated with hemoabdomen,30 they may produce less 
severe blood loss than hemangiosarcoma. The observation 
that benign splenic masses may become significantly larg-
er than hemangiosarcomas30 suggests that benign masses 
grow relatively slowly, allowing the patient to compensate, 
whereas hemangiosarcomas tend to rupture early in their 
growth, producing clinical signs. Our results indicated that 
very small splenic nodules were commonly benign and 
the probability of malignancy increased as mass diameter 
approached about 7 cm; when the largest diameter of the 
splenic mass (or largest splenic mass in patients with > 1 
observed) exceeded 7 cm, masses of increasing size were 
progressively less likely to be malignant. We considered it 
possible that the 7-cm cutpoint may have represented an 
approximate size by which most hemangiosarcomas have 
ruptured or are at imminent risk of rupturing.

http://avmajournals.avma.org/doi/suppl/10.2460/javma.258.12.1362
http://avmajournals.avma.org/doi/suppl/10.2460/javma.258.12.1362
http://T-STAT.net
http://T-STAT.org
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To our knowledge, associations between malignan-
cy and the presence of multiple splenic masses or moder-
ate or marked splenic mass inhomogeneity have not been 
previously reported. In a previous study44 of 31 dogs in 
which splenic mass lesions were categorized as solitary 
or multiple on the basis of ultrasonographic findings, no 
association between multiple lesions and malignancy 
was identified. We considered it likely that malignant 
masses would have greater inhomogeneity than benign 
masses because of the variable echogenicity of cancerous 
tissue and interspersed regions of clotted blood and se-
rosanguinous fluid. A limitation of the model developed 
in this study is that ultrasonographic characterization 
of the severity of abdominal effusion and splenic mass 
inhomogeneity is inherently subjective and operator de-
pendent. However, we found that both variables could 
be stratified into 2 easily distinguished categories (none 
or mild and moderate or marked) without compromis-
ing the variables’ value when discriminating between 
benign and malignant masses. The website for the online 
calculator provides example images for each category. If 
an owner’s first priority is to avoid the mistake of electing 
euthanasia for a dog with benign disease and if mild to 
moderate mass inhomogeneity or abdominal effusion is 
present but the appropriate category to select is unclear, 
selection of the none or mild category by the user will 
produce a more conservative estimate of the probability 
of malignancy. The findings that the number of liver nod-
ules and presence of mesenteric, omental, or peritoneal 
nodules were associated with splenic malignancy were 
consistent with a previous finding that hemangiosarcoma 
commonly metastasizes to those sites.45 Although many 
older dogs develop hyperplastic liver nodules, our results 
indicated that in the presence of a splenic mass, a solitary 
liver nodule is more likely to be metastatic than benign 
and that if multiple liver nodules are present, the prob-
ability that they represent metastases increases slightly.

The present study and the online decision-support 
calculator derived from it have several potential limitations 
in addition to those previously mentioned. The model pro-
duced by our analysis is just one of many possible models 
that could aid in distinguishing benign from malignant 
splenic masses prior to surgery, as demonstrated by the 
finding that only 1 variable, STP concentration, was com-
mon to the previously described model33 and the model of 
the present study. An important difference between the 2 
models is that the earlier model estimates the probability 
of splenic hemangiosarcoma in dogs with nontraumatic 
hemoabdomen of any cause, whereas our model estimates 
the probability that a known splenic mass is malignant 
regardless of whether hemoabdomen is present. Histo-
logic slide reviews and ultrasonographic image interpre-
tations in our study were each performed by 1 investiga-
tor, although both are subject to interobserver variability. 
Assessment of the degree of this variability, as well as re-
classification of splenic fibrohistiocytic nodules into other 
benign or malignant diseases by immunohistochemical 
methods,46 was beyond the scope of the study. Minor in-
consistencies in positioning of dogs for ultrasonographic 
examinations and the use of imaging reports to aid in the 
assessment of ultrasonographic variables for a small pro-
portion of dogs may have affected our results. Several vari-

ables that were significantly associated with malignancy in 
our univariable analysis were not considered in multivari-
able analysis because substantial proportions of the study 
dogs did not have data available for these variables. Inclu-
sion of these variables would have weakened the power 
of the multivariable analysis, in which only patients with 
values for every candidate variable can be considered. In 
addition, we were concerned that some of these variables 
may not be routinely assessed in general practice. Some 
of the omitted variables, particularly coagulation profile 
data, serum lactate concentration, and presence of acan-
thocytes, plausibly could have strong associations with 
malignancy. However, abnormalities in coagulation pro-
files and serum lactate concentration largely reflect the 
severity of hemoabdomen,20 a variable that was included 
in the model. Because of the limited available information 
concerning the value of ultrasonographic findings in dis-
criminating benign from malignant splenic masses, we 
considered ultrasonographic examination of the abdomen 
to be an inclusion criterion for the study. This increased 
the likelihood that ultrasonographic variables would be in-
cluded in the multivariable analysis if they were significant 
in univariable analysis and may have biased the study to-
ward including them in the final model. Our study popula-
tion consisted only of dogs whose owners elected surgery, 
and because there may be hospital-to-hospital variability in 
the financial and prognostic factors owners consider in de-
ciding whether to elect surgery, our model may be some-
what specific to hospitals with clientele similar to ours. 
Although hemangiosarcoma is usually the clinical rule out 
of greatest concern for dogs with splenic masses, 64 of the 
229 (27.9%) malignant masses considered during model 
development were tumors other than hemangiosarcoma. 
However, many of the malignant tumors observed, such 
as histiocytic sarcoma,47 are associated with high mortality 
rates and, like hemangiosarcoma, are unlikely to be cured 
by splenectomy alone.
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