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• No imaging technique can effectively
discriminate between sarcoma and
myoma.

• Inadequate surgery in case of occult
sarcoma will worsen the patient's
prognosis.

• Radiomics allows to correlate radio-
logical images to the tissue patho-
physiology.

• Radiomics applied to US images repre-
sents an effective diagnostic
support tool.
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Objective. To develop and evaluate the performance of a radiomics andmachine learningmodel applied to ul-
trasound (US) images in predicting the risk of malignancy of a uterine mesenchymal lesion.

Methods. Single-center retrospective evaluation of consecutive patients who underwent surgery for a malig-
nant uterine mesenchymal lesion (sarcoma) and a control group of patients operated on for a benign uterine
mesenchymal lesion (myoma). Radiomics was applied to US preoperative images according to the International
Biomarker Standardization Initiative guidelines to create, validate and test a classificationmodel for the differen-
tial diagnosis of myometrial tumors. The TRACE4 radiomic platform was used thus obtaining a full-automatic
radiomic workflow. Definitive histology was considered as gold standard. Accuracy, sensitivity, specificity, AUC
and standard deviation of the created classification model were defined.

Results.A total of 70womenwith uterinemesenchymal lesionswere recruited (20with histological diagnosis
of sarcoma and 50myomas). Three hundred and nineteen radiomics IBSI-compliant featureswere extracted and
308 radiomics features were found stable. Different machine learning classifiers were created and the best clas-
sification system showed Accuracy 0.85± 0.01, Sensitivity 0.80± 0.01, Specificity 0.87± 0.01, AUC 0.86± 0.03.

Conclusions. Radiomics applied toUS images shows a great potential in differential diagnosis ofmesenchymal
tumors, thus representing an interesting decision support tool for the gynecologist oncologist in an area often
characterized by uncertainty.

© 2021 Elsevier Inc. All rights reserved.
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1. Introduction

Uterine sarcomas are a rare form ofmesenchymal tumors character-
ized by a poor prognosis; they represent 1%of cancers of the female gen-
ital tract and 3–7% of all uterine malignancies [1,2].

In 2014 a Food and Drugs Administration (FDA) safety communica-
tionwarned against the use of the uterinemorcellator duringminimally
invasive surgery of uterine myomas as it could promote the dissemina-
tion of malignant debris in case of an occult malignant lesion [3].

An accurate preoperative diagnosis of myometrial tumors is essen-
tial to plan an adequate surgery without the risk of worsening
the patient's prognosis in case of uterine sarcoma and minimally inva-
sive so as not to increase the patient's morbidity in case of uterine
myoma [4].

The rate of unexpected uterine sarcomas at histological examination
described in literature in women undergoing surgery for an apparent
benign uterine disease ranged between 0.3 and 1% [5–8].

Unfortunately, the absence of specific symptoms and an imaging
that is not always decisivewith overlapping characteristics between be-
nign and malignant lesions often do not allow an adequate differential
diagnosis between uterine sarcomas and myomas at preoperative
workup.

In this scenario, the identification of tools for improving the differen-
tial diagnosis represents a current unmet clinical need.

Recently radiomics emerged as a new and encouragingmethod able
to extract and quantify features from radiological medical images [9,10]
containing information that reflect the underlying pathophysiology of
tissues, such as specific heterogeneity in the shape and texture of lesions
[11,12]. The extracted information can be correlated to the clinical data
of the patients, in particular to histopathological results, so as to define
radiomic biomarker profiles to distinguish malignant tissues from be-
nign ones. Moreover, it is possible to build predictive models using
radiomic features to train machine learning systems with the supervi-
sion of clinicians in agreement with the histological labels assumed as
ground truth [13].

The possibility of relying on a predictive model capable of automat-
ically classifying tissue images represents an interesting and potentially
game changer tool for personalizedmedicine [14], that could be used to
improve the diagnostic confidence of clinicians and to stratify the risk at
the level of single patients, according to a personalized medicine
paradigm.

In the present paper our aim is to test the predictive performance of
radiomics-basedmachine learningmodels on patients diagnosedwith a
uterine mesenchymal lesion. For this purpose, we extracted radiomics
features from ultrasonographic (US) images of histologically proved
uterine sarcomas and myomas and used selected radiomic features to
train an ensemble of machine learning systems to develop an automatic
predictive model of the risk of malignancy of mesenchymal tumors.

2. Methods

2.1. Study design and study population

This is a single center, retrospective, pilot study.
The studywas approved by the local Ethical Committee (Prot. ID INT

155/20, full study protocol available).
We enrolled all consecutive patients treated for a uterine sarcoma at

Fondazione IRCCS Istituto Nazionale dei Tumori of Milan from 2015 to
2020 and a control group of consecutive patients diagnosedwith a uter-
ine myoma undergoing surgery at the same Institution.

Patients records were found in surgical and pathological registers.
Every patient signed written consent for research purpose.

Inclusion criteria were: (i) patients undergoing surgery for
myometrial lesion, (ii) execution of a preoperative ultrasound within
6 weeks before surgery, (iii) ultrasound images stored and available
for radiomics analysis, (iv) available histologic examination.
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2.2. Ultrasonographic images and histology

We retrospectively collected all US images of patients who
underwent surgery for uterine sarcoma and a control group of consecu-
tive patients undergoing surgery for uterine myoma.

Images were exported from US machine and stored in .jpg and
DICOM (.dcm) format for subsequent analysis. All patients included
underwent transvaginal US eventually completed by transabdominal
scan in case of big lesions non completely assessable with transvaginal
approach or for abdominal staging purpose.

All US examinations were performed at the dedicated ultrasound
center of this Institution by two different examiners with more than
ten years of experience in the field of gynecological oncological US.

US examinations were performed with the same two US machines
(General Electrics Voluson E8 and Samsung Medison Co. HERA w10).

Clinical characteristics of the patients (age, parity, menopausal sta-
tus and presenting symptoms) and histopathological and US character-
istics of the lesions were retrospectively collected and organized in a
dedicated Excel File (Microsoft Office Excel 2019 v.17.0, Redmond,
WA, USA).

Ultrasound characteristics of the lesions were extracted from origi-
nal US reports and summarized accordingly to the multicentric consen-
sus study on clinical and ultrasound characteristics of uterine sarcoma
[15]. The following US features were recorded in our database: largest
diameter of the lesion (mm), number of lesions (single/multiple), visi-
ble normal myometrium (Yes/No), type of tumor (Solid/Multilocular-
solid) [16], echogenicity of the solid tissue subjectively assessed by
the US examiner (Homogenous/Inhomogeneous), presence of cystic
areas within the lesion (Yes/No), presence of shadows (No/Internal
shadows/Fan shaped shadowing) [17], presence of calcifications
(Yes/No), tumor border (Regular/Irregular), Color Score (1/2/3/4) [16],
endometrial cavity evaluable (Visible/Not clearly visualized), presence
of free fluid in the pouch of Douglas (Yes/No) or ascites (Yes/No).

The subjective impression of the US examiner was also reported and
defined as Malignant/Uncertain/Benign lesion.

All patients included in the study underwent surgery (as reported in
the inclusion criteria); the type of surgery was tailored on the basis of
patients' and lesions' characteristics. In case of uterine sarcoma, the
stage of disease was assessed according to the International Federation
of Obstetrics and Gynecologists (FIGO) system [18]. Histological sub-
types of uterine sarcoma were reported according to the World Health
Organization (WHO) classification [19].

In control group, in case ofmultiple uterinemyomas, the lesionwith
more complex US appearance (bigger and/or colliquated, with inhomo-
geneous echogenicity, without shadows) was considered for the subse-
quent radiomics analysis.

2.3. Radiomics study

Radiomics methodology was applied to the collected US images of
patients, according to the International Biomarker Standardization Ini-
tiative (IBSI) guidelines (https://arxiv.org/abs/1612.07003) [20].

For this purpose, the TRACE4 radiomic platform was used (http://
www.deeptracetech.com/files/TechnicalSheet__TRACE4.pdf) allowing
the whole IBSI-compliant radiomic workflow to be obtained in a full-
automatic way even for US images. IBSI radiomic workflow included:
(i) the segmentation of the lesion region from each patient image, (ii)
the preprocessing of image content within the segmented region of in-
terest for the radiomic feature extraction, (iii) the extraction of radiomic
features from the segmented region of interest, (iv) the selection of
radiomic features which remains stable with respect to different seg-
mentations, as may occur by different examiners, and repeatable in
test–retest study, (v) the use of such candidate radiomic features to
train, validate, and test different systems of machine learning classifiers
in the binary classification task of interest (malignant vs benign), by the
reduction of such stable and repeatable features to not-redundant

https://arxiv.org/abs/1612.07003
http://www.deeptracetech.com/files/TechnicalSheet__TRACE4.pdf
http://www.deeptracetech.com/files/TechnicalSheet__TRACE4.pdf


Table 1
Clinical characteristics of the patients. Results are presented as n (%).

Variable Malignant lesions Benign lesions
(control group)

p-Value

N = 20 N = 50

Age (median) 59 55 <0.001
Range 36–76 Range 29–81

Nulliparous 4 (20) 27 (54) 0.015
Premenopausal 5 (25) 22 (44) 0.179
Symptoms
Asymptomatic 6 (30) 17 (34) 0.787
Abnormal vaginal bleeding 8 (40) 7 (14) 0.024
Pelvic or abdominal pain 5 (25) 4 (8) 0.106
Mass detected on other
imaging technique

2 (10) 9 (18) 0.493

Self-palpated mass 1 (5) 0 (0) 0.285
Other 1 (5): urinary

incontinence
2 (4):
dysmenorrhea,
infertility
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features, in a number that is statistically comparablewith the number of
collected images of patients.

More specifically:

(i) The segmentations of the myometrial lesions were performed
manually, using the TRACE4 segmentation tool and then ran-
domly changed by TRACE4 in order to avoid the dependence of
the contour from the segmenter.

(ii) The preprocessing of image intensities within the segmented re-
gion of interest included resampling to isotropic voxel spacing,
using a down-sampling scheme by considering image slice thick-
ness of 1mmand intensity discretization using a fixed number of
64 bins.

(iii) The radiomics features extracted from the segmented region of
interest belong to different families: morphology, intensity-
based statistics, intensity histogram, gray-level co-occurrence
matrix (GLCM), gray-level run length matrix (GLRLM), gray-
level size zone matrix (GLSZM), neighborhood gray tone differ-
ence matrix (NGTDM), gray-level distance zone matrix
(GLDZM), neighboring gray level dependence matrix (NGLDM).
Their definition, computation and nomenclature are compliant
with the IBSI guidelines, except for the features of the family
morphology, originally designed for 3D images, which were re-
placed with ten 2D equivalent features (e.g., 3D features volume
and surface were replaced with 2D features area and perimeter,
respectively). Steps from (ii) to (iii) was performed using the
TRACE4 Radiomics tool. Radiomic features were reported by
TRACE4 according to IBSI standards.

(iv) The selection of radiomic features, stablewith respect to different
segmentations and repeatable in test–retest study, was per-
formed by ICC (ICC > 0.80) by statistically comparing features
obtained by data augmentation strategies, (a) generating ran-
dom variations of the manual segmentation of the lesion region
(performed by the operator), and random rotations of the origi-
nal images and segmentations to reduce the dependency from
the operator and to enrich the dataset, respectively. The selected
radiomic features (stable and repeatable) were reported by
TRACE4.

(v) A different systemofmachine learning classifierwas trained, val-
idated, and tested, for the binary classification task (malignant vs
benign, based on histopathology results), reducing themore sta-
ble and reproducible features to a signature of not redundant fea-
tures proper with the number of collected images.

Steps (iv) and (v) were performed automatically by the TRACE4
Modeling and Statistics tool.

The created classification systems were:

1) an ensemble of 10 Support Vector Machines, combined with princi-
pal components analysis and fisher discriminant ratio with majority
vote rule;

2) an ensemble of 10 Random Forests, combined with Gini index with
majority vote rule;

3) an ensemble of 10 kNNs, with majority vote rule;

Nested K-fold cross validation method was used, with K = 10.
Oversampling technique for the minority class (sarcoma) was

applied by adaptive synthetic sampling method.
The predictive performance of the above-described classification

systems was measured across the different folds (K = 10) in terms
of max and mean Accuracy, Sensitivity, Specificity, Area Under the
Curve (AUC), Positive Predictive Value (PPV), Negative Predictive
Value (NPV), and standard deviation (Confidence Interval, CI,
p-value [21]).

The study is reported according to STARD guidelines; STARD check-
list is available as Supplementary material (1S).
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The sample size was calculated according to Hajian-Tilaki analysis
for diagnostic studies [22].We assumed a sensitivity of 85% in predicting
malignancy, we selected a 30% prevalence of malignancy in our study
population. With a precision of estimate (the maximum marginal
error) d = 5%, and a type I error alpha = 0.10, a sample size of 70 pa-
tients was needed to test the general hypothesis of the predictive
model (to answer whether radiomics predicted malignant versus be-
nign uterine masses).
3. Results

3.1. Ultrasonographic images and histopathological data of patients

We retrospectively enrolled 70 patients with available US images:
20with definitive histological diagnosis of a uterine sarcoma and 50 pa-
tients with benign uterine myomas (control group).

Clinical characteristics of the patients are summarized in Table 1.
Womenwith uterine sarcomaswere significantly older thanwomen

with benign myomas, with a median age respectively of 59 and 55
years old.

Most of patients in uterine sarcoma group (75%) were postmeno-
pausal; in the control group 56% of patients were postmenopausal.

Most of patients (70% in sarcoma group, 64% in control group) re-
ferred symptoms before US examination and the most common pre-
senting symptom in sarcoma group was abnormal uterine bleeding
(40%).

Histopathological characteristics of the malignant myometrial le-
sions after surgery are summarized in Table 2.

Most of tumors (75%) were leiomyosarcomas and most of cases
(50%) were diagnosed in early stage (FIGO stage I).

Ultrasonographic characteristics of the lesions are summarized in
Table 3.

Median diameter of the lesionwas significantly different between the
two groups, with a median diameter respectively of 100 mm (range
43–200 mm) in sarcoma group and 52 mm (range 20–199 mm) in
control group.

At US, compared with myomas, uterine sarcomas appeared
more frequently as a single solid (90%) mass with inhomogeneous
echogenicity (80%), cystic areas (60%), no shadowing (60%), no cal-
cifications (80%) and irregular borders (60%). Fig. 1 summarizes the
recurrent US features of myomas and sarcomas.

In all cases of uterine myoma and most cases of malignant tumor
(65%), normal myometrium was visible at US.

Vascularization and the presence of ascites or free fluid in the pouch
of Douglas were not significantly different between the two groups.



Table 2
Histopathological characteristics of the malignant lesions. Results are presented as n (%).

Variable Malignant myometrial lesions
N = 20

Histological type of sarcoma
Leiomyosarcoma (LMS) 15 (75)
Endometrial stromal sarcoma (ESS) 3 (15)
Undifferentiated endometrial sarcoma (USS) 2 (10)

FIGO stage
I 10 (50)
II 1 (5)
III 3 (15)
IV 6 (30)
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Most of sarcomas (65%) and myomas (82%) were correctly diag-
nosed respectively as malignant and benign lesions at preoperative
US, but a considerable number of lesions have been ‘labeled’ as
Table 3
Ultrasound characteristics of the benign and malignant myomatrial lesions in the original
report. Results are presented as n (%).

Variable Malignant
lesions

Benign
lesions
(control
group)

p

N = 20 N = 50

Largest diameter of the lesion (mm) 100 52 <0.001
Range
43–200

Range
20–199

Number of lesions
Single 18 (90) 28 (56) 0.010
Multiple 2 (10) 22 (44)

Visible normal myometrium
Yes 13 (65) 50 (100) <0.001
No 7 (35) 0 (0)

Type of tumor
Multilocular-solid 2 (10) 1 (2) 0.194
Solid 18 (90) 49 (98)

Echogenicity of solid tissue
Homogeneous 4 (20) 48 (96) <0.001
Inhomogeneous 16 (80) 2 (4)

Cystic areas
Yes 12 (60) 1 (2) <0.001
No 8 (40) 49 (98)

Shadowing
No shadowing 12 (60) 12 (24)
Internal shadows 7 (35) 22 (44) 0.006
Fan-shaped shadowing 1 (5) 16 (32)

Calcifications
Yes 4 (20) 14 (28) 0.560
No 16 (80) 36 (72)

Tumor border
Regular 8 (40) 49 (98) <0.001
Irregular 12 (60) 1 (2)

Color score
1 1 (5) 25 (50)
2 4 (20) 18 (36) 0.003
3 12 (60) 5 (10)
4 3 (15) 2 (4)

Endometrial cavity:
Visualized 10 (50) 49 (98) <0.001
Not clearly visualized 10 (50) 1 (2)

Free fluid in the pouch of Douglas
Yes 4 (20) 0 (0) 0.005
No 16 (80) 50 (100)

Ascites
Yes 1 (5) 0 (0) 0.285
No 19 (95) 50 (100)

Subjective impression at Ultrasound
Malignant 13 (65) 0 (0) <0.001
Uncertain (malignancy could not be
excluded)

6 (30) 8 (18)

Benign 1 (5) 42 (82)
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uncertain (30% of sarcomas and 18% of myomas) and a sarcoma (5%)
was described as a benign lesion by subjective impression of the
examiner.

3.2. Radiomics study

Three hundred and nineteen radiomics IBSI-compliant featureswere
extracted from the 70 segmented myometrial lesions, and 308
radiomics features were found stable with respect to different exam-
iners' segmentations and to test-retest study (ICC > 0.8). Table 2S and
3S (Supplementary materials) show, as representative examples, the
list of 308 stable radiomic features, their values and nomenclature for
a sarcoma and a myoma lesion.

These 308 featureswere used for the supervised training-validation-
testing (nested 10-fold cross validation) of the three ensembles of clas-
sifiers, using the histopathological results as labels.

Accuracy, sensitivity, specificity, AUC, PPV andNPVof such classifiers
are shown in Table 4.

The best radiomic system was found the ensemble of SVMs. The
mean accuracy and AUC of the three best SVMs was good (0.85 ±
0.01, 0.86 ± 0.03), with a good balance between Sensitivity (0.80 ±
0.01) and Specificity (0.87 ± 0.01). To be noted, the NPV was particu-
larly very good (0.92 ± 0.01) at poor cost of PPV (0.73 ± 0.02). These
results suggest a high potential of radiomic approach when applied to
US images of uterine masses for the differential diagnosis of sarcoma
vs myoma.

Fig. 2 shows, as representative graphical examples, the radiomic fea-
tures “entropy” measured for 3 sarcomas (Fig. 2 a,b,c), and 3 myomas
(Fig. 2 d,e,f), respectively. A different level of expression of the entropy
can be visually observed from the entropy locally mapped and over-
lapped to the original correspondingUS lesions, for better interpretation
of radiomic results.

Fig. 3 shows the flow chart of the study.

4. Discussion

In this studywe have demonstrated that radiomics applied toUS im-
ages can discriminate between uterine sarcomas and myomas with
good accuracy, representing a valuable additional tool in the diagnostic
workup of these patients.

We considered a series of 20 consecutive patients with a histological
diagnosis of uterine sarcoma and a control group of 50 patients with a
definitive histological diagnosis of uterine myoma, all undergoing pre-
operative ultrasound.

We applied radiomics to the exported ultrasound images and used
stable radiomics features to create and train a predictive diagnostic ma-
chine learning model that showed a predictive accuracy >80%.

Applying radiomics to US images has some advantages with respect
to other imagingmethods. In fact, US, after clinical evaluation, is thefirst
choice method for investigating myometrial lesions; moreover, US is
fast, cheap and allows the examiner assessing the pelvis with good
accuracy.

Unfortunately, the clinical evaluation of the patients does not help to
discriminate between benign and malignant myometrial lesions, as
most of the patients in both groups come to gynecological evaluation
presenting some overlapping symptoms; the symptoms reported by
our patients are in agreement with what is described in literature [23]
and themost frequent symptom in case of uterine sarcoma is abnormal
uterine bleeding.

Several studies have described recurrent ultrasound features of uter-
ine sarcomas qualitative observed by the operators: Exacoustos in 2007
[24] suggested that the presence of a single, large, rapidly growing
myometrial lesion, with cystic degeneration and with marked periph-
eral and central vascularization is suggestive of the presence of a uterine
leiomyosarcoma. However, unfortunately, these characteristics can also



Fig. 1. US recurrent characteristics of uterine mesenchymal tumors: uterine myomas (1A and 1B) are usually solid lesions showing homogeneous echogenicity and shadows; uterine
sarcomas (1C and 1D) are solid or multilocular-solid lesions showing inhomogeneous echogenicity, no shadows, irregular cystic areas.
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be present in a group of atypical myomas that show cystic, myxoid, red,
hydropic or hyaline degeneration.

The presence of internal and fan-shaped shadows is generally asso-
ciated with benign myometrial lesions (leiomyomas, adenomyosis)
[25,26], but in our series they were also present in 40% of uterine sarco-
mas (and in 76% of patients in the control group).

Moreover, in 2019 Ludovisi [15] described the ultrasound features of
uterine sarcomas (dividing them into leiomyosarcomas, endometrial
stroma sarcomas, and undifferentiated sarcomas) in the largest series
in the literature, concluding that the US features suggestive for malig-
nancy are the presence of a large myometrial lesion, with inhomoge-
neous echogenicity, with irregular cystic areas, absence of shadows,
absence of calcifications in symptomatic women (in particular with ab-
normal uterine bleeding). In Ludovisi series, after review of the images
by a consensus of experts, 36% of patients with uterine sarcoma showed
the presence of internal shadows or fan-shaped shadowing.

As proven by all the above-mentioned studies, semantic features are
often reported characterizing the size, shape and texture of uterine le-
sions as observed on US images. Quantifying all these features in a
Table 4
Performance of the developed radiomicmodel of sarcoma vsmyoma (n= 20 vs 50). 308 stable
standard deviation [95% CI] and p value (* = p-value <0.05, ** = p-value<0.005).

Sarcoma Vs myoma model Accuracy Sensitivity Specificity

Mean from 10 ensembles 0.83 ± 0.03 [80–85]** 0.76 ± 0.05 [72–80]** 0.85 ± 0.0
Mean from 3 best ensembles 0.85 ± 0.01 [83–87]** 0.80 ± 0.01 [80–80]** 0.87 ± 0.0
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more objectiveway and considering them in combination in amultivar-
iate model can help to differentiate the groups, and this is what a
radiomic machine learning model can provide.

In the paper of Ludovisi et al., theUS examiner originally correctly di-
agnosed only 47% of the lesions as certainly malignant, and suspected
malignancy in a further 31% of the lesions, while 21.5% had been
misdiagnosed as benign.

In our series, the US examiner correctly classified 65% of sarcomas as
malignant, in one case (5% themyometrial tumorwas incorrectly classi-
fied as benign and a further 30%were uncertain (malignancy couldn't be
excluded). In the control group, the US examiner classified nomyomaas
malignant, but 18% of myomas as uncertain (malignancy couldn't be
excluded).

In theuncertain cases, if theUS examiner had consulted the radiomic
model, he/she would have received a correct malignant answer in 83%
respectively, and benign answer in 78% of cases, such results proving a
high potential of radiomic model in improving the diagnosis. It should
also be noted that the US evaluations in our patient series were all per-
formed by experienced examiners and that among examiners with
features among 319 extractedwere used as input to themodel. Data are expressed as %±

AUC PPV NPV

3 [83–87]** 0.83 ± 0.04 [80–86]** 0.68 ± 0.05 [62–72]** 0.90 ± 0.02 [88–91]**
1 [84–90]** 0.86 ± 0.03 [82–91]** 0.73 ± 0.02 [66–75]** 0.92 ± 0.01 [91–92]**



Fig. 2. Local spatial distribution of the feature Entropy evaluated on the Gray-Level Co-occurence Matrices: Sarcoma (2 a,b,c) and Myoma (2 d,e,f).

V. Chiappa, M. Interlenghi, C. Salvatore et al. Gynecologic Oncology 161 (2021) 838–844
different levels of experience the subjective performance would proba-
bly have been worse.

Misdiagnosis in case of uterine sarcoma can indeed worsen the
patient's prognosis if the lesion is morcellated [27–32]; similarly, a
wrong classification of uterine myomas as uncertain or malignant
could lead to an overtreatment (demolitive vs conservative surgery or
surgery vs conservative management) of the patient.

In large retrospective studies, the rate of unexpected sarcoma in
uterine specimens of women undergoing surgery for apparently benign
disease ranged from 3 to 100 per 100,000 women [5,6].

Despite recent improvements in the accuracy of imaging techniques
for gynecological malignancies, the differential diagnosis betweenmyo-
mas and uterine sarcomas remains a ‘gray zone’.

In this scenario of uncertainty extremely dependent on US examiner
subjective impression in the differential diagnosis of myometrial
lesions, radiomics could represent an innovative and game-changer
tool.
Total number o
p

70

Malignant at final 
histology

20

Subjec ve 
evalua on (expert 

ultrasound 
examiner)

Radiomics 
model

Correctly 
classified

13 (65%)

Uncertain
6 (30%)

Misdiagnosed
1 (5%)

Correctly 
classified

16 (80%)

Misdiagnosed
4 (20%)

Fig. 3. Flow chart
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The main advantage of our model is that it does not depend on the
experience of the US examiner, who only has to trace the contour
basis of the lesion (then randomly modified by the software in order
to avoid the operator dependence), export the images in DICOM format,
send them to the TRACE4 platform, receiving a predictive classification
of the mass in ‘benign’ or ‘malignant’ with an accuracy>80%.

According to our knowledge this is the first study that applies
radiomics in accordance with IBSI guidelines and machine learning to
US images in gynecology to differentiate benign from malignant
myometrial tumors.

Similar experiences have been recently described in literature ap-
plied to ultrasound images in ovarianmasses [13] and in hepatocellular
carcinoma [33,34] where the authors concluded that radiomics could
help in tumor evaluations, including diagnosis, differential diagnosis,
and clinical prognosis.

The most important experiences in literature described radiomics
applied to MRI, PET/CT or CT-scan; Xie et al. applied radiomics to MRI
f 
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50
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examiner)
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Correctly 
classified

42 (82%)

Uncertain
8 (18%)

Misdiagnosed
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Correctly 
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43 (86%)

Misdiagnosed
7 (14%)

of the study.
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images to discriminate between uterine sarcomas and myomas [35] in
78 women and they demonstrated that radiomic analysis was feasible
and allowed results similar to those of an expert radiologist, thus
being useful also as second expert reader.

A strength of our study is the supervision of themyometrial lesion by
experienced ultrasound examiners from an oncological referral centre
and the adoption of the radiomic analysis according to IBSI guidelines
that allow better comparison with further analysis by other research
groups. Moreover, we were able to use the final histological examina-
tion of all the myometrial lesions after surgery as gold standard for su-
pervised training of the machine learning system.

However, the main weaknesses of the study is related to the inherit
biases of the retrospective, single centre -studydesign and to the limited
series sample size, but this is a pilot study to build a predictive model
that will need to be further validated on larger series.
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