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Abstract

Purpose The aim of our study is to propose a diagnostic algorithm to guide MRI findings interpretation and malignancy
risk stratification of uterine mesenchymal masses with a multiparametric step-by-step approach.

Methods A non-interventional retrospective multicenter study was performed: Preoperative MRI of 54 uterine masses was
retrospectively evaluated.

Firstly, the performance of MRI with monoparametric and multiparametric approach was assessed. Reference standard for
final diagnosis was surgical pathologic result (n =53 patients) or at least 1-year MR imaging follow-up (n=1 patient).
Subsequently, a diagnostic algorithm was developed for MR interpretation, resulting in a Likert score from 1 to 5 predicting
risk of malignancy of the uterine lesion. The accuracy and reproducibility of the MRI scoring system were then tested: 26
preoperative pelvic MRI were double-blind evaluated by a senior (SR) and junior radiologist (JR).

Diagnostic performances and the agreement between the two readers with and without the application of the proposed algo-
rithm were compared, using histological results as standard reference.

Results Multiparametric approach showed the best diagnostic performance in terms of accuracy (94.44%,) and specificity
(97.56%).

DWI was confirmed as the most sensible parameter with a relative high specificity: low ADC values (mean 0.66) significantly
correlated to uterine sarcomas diagnosis (p <0.01).

Proposed algorithm allowed to improve both JR and SR performance (algorithm-aided accuracy 88.46% and 96%, respec-
tively) and determined a significant increase in inter-observer agreement, helping even the less-experienced radiologist in
this difficult differential diagnosis.

Conclusions Uterine leiomyomas and sarcomas often show an overlap of clinical and imaging features.

The application of a diagnostic algorithm can help radiologists to standardize their approach to a complex myometrial mass
and to easily identify suspicious MRI features favoring malignancy.

Keywords Leiomyoma - Uterine sarcoma - Magnetic resonance imaging - Diffusion-weighted imaging - Diagnostic
algorithm

Abbreviations STUMP  Smooth muscle tumor of uncertain malignant
MRI Magnetic resonance imaging potential
LMS Leiomyosarcomas ESUR European Society of Urogenital Radiology
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ROC Receiver operating characteristic
CIs Confidence intervals

PPV Positive predictive value
NPV Negative predictive value
FN False negative

FP False positive
Introduction

Uterine leiomyomas are benign mesenchymal tumors that
arise from myometrial smooth muscle cells and represent the
most frequent benign tumors of the uterus (up to 20-40% of
women of reproductive age and 70-80% of peri-menopausal
women) [1, 2].

The histological classification includes typical, degener-
ated leiomyomas and several subtypes such as cellular leio-
myoma, lipoleiomyoma and leiomyoma with bizarre nuclei.

On the other hand, uterine sarcomas are a heterogeneous
group of rare neoplasms originating from the myometrium
or from endometrial mesenchymal tissue and represent less
than 10% of tumors occurring in uterus body [3]. Although
rare, uterine sarcomas represent the most aggressive malig-
nant uterine tumors, showing rapid growth and dissemina-
tion with a 5-year survival rate ranging between 17.5 and
54.7% [4].

Uterine sarcomas include leiomyosarcoma (LMS), low
and high grade endometrial stromal sarcoma (LG-ESS, HG-
ESS), undifferentiated uterine sarcoma (US), and adenosar-
coma (ADS) [5].

The term STUMP (Smooth-muscle Tumors of Uncertain
Malignant Potential) refers to another subtype of myometrial
lesions, originating from uterine smooth muscle cells that
cannot be diagnosed unequivocally as benign or malignant,
also histologically.

Clinical manifestations of uterine sarcomas and leiomyo-
mas can be similar including a rapidly increasing size mass,
abdominal pain, and vaginal bleeding.

The differential diagnosis of these two entities is chal-
lenging but a correct preoperative risk stratification is crucial
to avoid inappropriate management.

The therapeutic options for typical leiomyoma include
conservative/mini-invasive; meanwhile, uterine sarcoma
requires a more aggressive treatment (extensive surgery
with hysterectomy and bilateral salpingo-oophorectomy is
considered the treatment of choice) [6, 7].

In this clinical context, the imaging could play a pivotal
role and MRI is considered one of the best tools for myome-
trial masses characterization [8].

However, MRI differential diagnosis remains challenge
due to the overlap of imaging features between sarcomas
and leiomyomas especially if atypical, large, or degenerated
ones [9, 10].

@ Springer

Several studies since 2008 tried to propose imaging-based
methods to distinguish these two entities. It is important to
note that almost all studies published are retrospective and
with a small cohort of patients (the number ranged from 9 to
19); there is only one prospective study but with a cohort of
only 6 cases of uterine sarcoma and 25 benign lesions [11].

The aim of our study is to propose a diagnostic algorithm
to guide MRI findings interpretation and to allow malig-
nancy risk stratification of uterine masses through a mul-
tiparametric step-by-step approach.

Materials and methods

This non-interventional, observational, and retrospective
study was in accordance with the ethical standards of the
institutional and national research committee and with the
1964 Helsinki Declaration. It is approved by the Regional
Ethics Committee (N. CER Liguria: 78/2023-DB id 12,883).
Informed consent was obtained from participants included
in the study.

Patients

We retrospectively queried our database from January 2015
to April 2023 and selected patients with clinical suspicion
of malignant mesenchymal tumor.

The inclusion criteria were clinical and radiological sus-
picion of uterine mesenchymal tumor, preoperative pelvic
MR examination with adequate protocol (details in next
paragraph) and a confirmed histopathological diagnosis of
uterine leiomyomas or sarcomas or MRI follow-up for at
least 1 year in the absence of surgery.

We excluded patients who underwent MR examinations
with incomplete protocols and cases of carcinosarcoma
which is no longer classified as a sarcoma but as a high-
risk variant of endometrial carcinoma.

Overall design of study

The investigation was divided into two parts:

Firstly, based on literature data, we selected morphologi-
cal and functional MRI features already demonstrated use-
ful for the characterization of mesenchymal uterine masses
[11-19], as given in Table 1.

An initial cohort, called training set, included 54 uterine
mass was used to assess the performance of previously vali-
dated MR parameters evaluating both mono-parametric and
multiparametric approach.

Then, we construct an MR imaging diagnostic algorithm
and scoring system based on previous study results [11-26].
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In a second step, the accuracy and reproducibility of the
MR imaging algorithm and scoring system were tested in 26
uterine masses (this set was called internal validating set).

MRI protocol

All MRIs were performed with a commercially available
1.5 T systems (Inginia®, Philips Healthcare, Netherlands;
Magnetom Aera®, Siemens Healthcare, Germany) using a
phased array pelvic coil.

According to European Society of Urogenital Radiology
(ESUR) recommendations [11], pelvic MR studies were
considered adequate if consisted of at least (detailed proto-

nal avascular areas corresponding to
cystic/hyaline or red cell degenera-

tion
but homogeneous and restricted

diffusion

inner margins
- Cellular leiomyomas can show early

-Degenerated leiomyomas with inter-
—-check signal on T2- and T1-wi and
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lexicon for uterine lesions description [11-19], as given in
Table 1.
The following MRI features were evaluated:

(a) T2 signal intensity (SI)was compared with the adjacent
external myometrium.

A low signal intensity was defined as lower or equal
to signal of the external myometrium, an intermediate
signal intensity as higher than that the myometrium,;
a high T2 SI was defined as equal to fluid component
signal (such as cerebrospinal fluid).

Well-defined areas with high T2 SI (and correspond-
ing low T1 SI) were defined as areas of cystic degenera-
tion. These could be associated with a thin low T2 SI
rim with contrast enhancement (C.E.), representing non
degenerated tissue.

Homogeneity of T2 SI was also assessed in two cat-
egories (homogeneous and heterogeneous).

(b) DWI SI was visual assessed comparing SI on the high
B-value (b 1000) of the lesion with the signal of the
outer myometrium. The presence of restricted diffusion
is defined by DWI hyperintensity (comparing with SI
of the endometrium) associated to ADC hypointensity.

ADC values of each tumour were also measured
positioning a region of interest (ROI) on the ADC map
in the area with the lowest signal, avoiding haemor-
rhagic, necrotic, or cystic portions.

Several regions of interest (ROI) were placed on the
maps, and the lowest value of mean ADC was recorded.

(c) TI-WISI

was evaluated to demonstrate presence/absence of
intralesional fat or hemorrhagic foci. Hemorrhagic
foci corresponded to hyperintense intralesional areas
on T1-FS images before contrast and can look like a

"s
\

Fig. 1 Red degeneration of uterine leiomyoma: sagittal (a) and axial
(b) T2WI showed an uterine lesion with smooth margins and an
internal T2 hyperintense area with a peripheric internal rim slightly
hyperintense on T1FS WI, compatible with hemorrhagic degenera-

peripheric hemorrhagic rim (typical for red degenera-
tion) or intralesional central hemorrhagic foci (favoring
sarcoma hypothesis), as shown in Figs. 1 and 2.

(d) Contrast enhancement on TIwi

Homogeneous vascularization or completely avascu-
lar lesion with a regular internal profile is considered
associated to benign lesions.

The presence of early inhomogeneous enhancement,
presence of necrosis at equilibrium and delayed phases,
homogeneous contrast enhancement or completely
avascular lesion with smooth inner margin had to be
described [12, 13], as shown in Figs. 1 and 2.

Early inhomogeneous enhancement and/or the pres-
ence of necrosis at venous phase and later phases were
considered features favoring malignancy.

Necrosis is defined as irregular, often central, focal
areas of lacking C.E. at equilibrium and delayed phases
that no correspond to area of cystic degeneration (high
signal on T2).

(e) Morphological featuresdimensions (largest diameter
of the lesion regardless of the plane) and the type
of border (regular versus irregular/infiltrative) were
described.

(f) The presence of ascites (fluid extended above uterine
fundus), peritoneal pelvic implants (nodular or diffuse
thickening of anterior and/or posterior pelvic peritoneal
reflection, Supplemental material and 2) extraperito-
neal implants (e.g., mesorectum), pelvic lymphadeno-
megalies (short axis > 10 mm) and infiltration of adja-
cent structures.

As second step of our study, a diagnostic algorithm was
developed for MR signal interpretation adopting a proper
lexicon based on literature data (Fig. 3).

tion (c¢); the lesion showed no restricted diffusion on DWI and ADC
map (e) and (f); post-contrast TIWI (d) showed a complete absence
of contrast enhancement of the lesion with smooth and regular inter-
nal margins confirmed also by subtraction images (g)

@ Springer
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Fig.2 Uterine adenosarcoma: sagittal a and axial b T2WI showed a d showed internal focal and eccentric hemorrhagic foci and TIFS WI
heterogeneous hyperintense uterine lesion with smooth margins; the after contrast injection e demonstrated internal areas of necrosis with
lesion was characterized by restricted diffusion on DWI ¢. TIFS WI irregular internal margin

- Pelvic peritoneal carcinosis
—>  -Ascites e

- Lymphoadenomegaly
Non restricted diffusion Restricted diffusion
v
Homogeneous/hypointense Disomogeneus/intermediate Homogeneous/hypointense Disomogeneus/intermediate
y ¢ 4 V
T il T T1 ™ T1 T T1
hypointense hyperinense hypointense hyperinense hypointense hyperinense hypointense hyperinense
Benign Malignant Benign Malignant Benign Malignant Benign Benign Malignant
features features features features features features features features features

J R e N 2 L e
2 EEEm G &8 : P : B .

Fig.3 Proposed MRI diagnostic algorithm. M* =signs of malignancy but not specific of uterine sarcoma

The result of the diagnostic algorithm is a Likert score =~ — Score 3: indeterminate lesion (low risk of uterine sar-
from 1 to 5 predicting risk of malignancy of the uterine coma)
lesion, in particular: — Score 4: probably malignant lesion (high risk of uterine
sarcoma)
— Score 1: benign lesion — Score 5: high suspicious malignant lesion (very high risk
— Score 2: probably benign lesion of uterine sarcoma)

@ Springer
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— Score M: malignant lesion but not specific for Uterine
sarcoma.

In our algorithm, DWI, T2, T1 signal and type of con-
trast enhancement are considered as major features to be
evaluated.

Meanwhile type of margins and biological behavior (rapid
growth lesions in a post-menopausal woman) are considered
as ancillary features.

Ascites, peritoneal pelvic implants and lymph adenomeg-
alies are considered independently as signs of malignancy
but not specific of uterine sarcoma.

Aware of the limit given by dependence of ADC values
by the different machines, for quantitative ADC map inter-
pretation (useful especially on visual assessment doubt case)
we used a cutoff of 1.05 x 107> mm? s~! based on literature
data [27].

Only in the case of a score of 3 (indeterminate lesion),
the algorithm required the evaluation of ancillary features.
The presence of at least one of these features (lesion with
irregular margins, rapid growth of uterine mass in a peri-
menopausal/menopausal woman) allowed to attribute a score
of 4 to a lesion previously assessed as indeterminate based
on MRI signal, as shown in Fig. 4.

The presence of signs of ascites associated with pelvic
peritoneal or extraperitoneal implants and pelvic pathologi-
cal lymphadenomegalies was considered as independent
characteristics that allowed the patient to be framed in a
different category likely malignant (“M”), not specific for
uterine sarcoma.

The accuracy and reproducibility of the MR imaging
scoring system were tested: 26/54 preoperative pelvic MR
examination of the training set were double blind evaluated
by a SR (N.G.) with 10 years of experience in gynecological
imaging and by a Junior Radiologist (JR, C.M.) with 3 years
of experience in Gynecological Imaging).

The first read was performed without knowing the diag-
nostic algorithm.

The second read (algorithm-aided report) was performed
after an explanation of the proper lexicon and the definition
of each imaging features included in the algorithm.

Fig.4 Ancillary features: in the
case of a score of 3 (indeter-
minate lesion), the presence of
at least one of these features
(lesion with irregular margins,
rapid growth of uterine mass in
a perimenopausal/menopausal 3
woman) allowed to attribute a
score of 4 to a lesion previously
assessed as 3

4 Probably malignant lesion (high risk)

Diagnostic performances and the agreement between
the two readers with and without the application of the
proposed algorithm were compared.

Diagnostic performances were compared using histo-
logical results as standard reference.

Reference standard

Final diagnoses were established by surgical pathologic
results for 53 lesions and based on 1-year MR imaging
follow-up for 1 lesion.

Statistical analysis

Statistical analysis was performed using Microsoft Excel
and MedCalc® Statistical Software.

Diagnostic performance of each MR parameter (DWI,
T2 SI, T1 SI, post-contrast T1 enhancement) and of MR
with a multiparametric approach were evaluated in terms
of sensitivity, specificity, positive/negative likelihood
ratio, positive/negative predictive value, accuracy.

Receiver operating characteristic (ROC) analysis was
performed to determine cutoff and diagnostic performance
for ADC value.

Two tailed Fischer’s exact test was used, considering the
few values in the contingency table, to determine signifi-
cance association between clinical and imaging features.
Probability (p) values < 0.05 were considered significant.

We compared SR and JR performance (algorithm-aided
and non-algorithm-aided report) in terms of accuracy, sen-
sitivity, specificity, and 95% confidence intervals (CIs) of
each parameter.

The Cohen’s kappa coefficient after dichotomization of
Likert scales (cutoff > 3) was calculated to evaluate the
agreement between SR and JR before and after the appli-
cation of the proposed algorithm: Scales of 4 and 5 were
regarded positive, whereas scales of 1-3 negative.

Benign lesion

Indeterminate lesion (low risk)

Presence of irregular margins

@ Springer
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N=101
Total patients retrospectively selected

[ |

N=54

N= 15 Histology of Carcinosarcoma
N=2 Uterine sarcoma without pre-operative MRI
N=30 Leomyoma with non hystological results

Eligible Patients

N=41 N=13
Leiomyoma Uterine sarcoma

Fig.5 Study flowchart

Results

Fifty-four MR examinations of patients meeting the inclu-
sion criteria were retrospectively reviewed as training set:
41/54 were found with histological diagnosis of uterine
leiomyoma and 13/54 with histological diagnosis of uter-
ine sarcoma (7 LMS, 1 STUMP, 1 LG-ESS, 3 HG-ESS and
1 AS). Study population is shown in Fig. 5.

The average age of the patients examined was 54 years
(range 36-84), with an average age of 53 years for patients
with uterine sarcoma and 54 years for patients with
leiomyoma.

We found no significant correlation between lesion
dimension and the number (single versus multiple lesions).

The diagnostic performances of each MRI param-
eters and of MRI with a multiparametric approach were
shown in the Table 2: data confirmed the superiority of a
multiparametric approach (at least 3 MRI parameters) to
obtain the best diagnostic accuracy.

DWI was confirmed as the most sensible parameter
with a relative high specificity, as demonstrated in previ-
ous works [16, 17]: low ADC values (mean 0.66) signifi-
cantly correlated to uterine sarcomas diagnosis (p <0.01),
as shown in Fig. 6.

The internal validation set was a cohort of 26 uterine
mass: 14/26 were found with histological diagnosis of
uterine leiomyoma (5 typical leiomyoma, 3 red degener-
ated, 4 myxoid degenerated, 1 cellular leiomyoma and 1
leiomyoma with bizarre nuclei) and 12/26 with histologi-
cal diagnosis of uterine sarcoma (7 LMS, 1 STUMP, 1
LG-ESS, 2 HG-ESS and 1 AS).

The JR and SR performance in terms of sensitivity,
specificity, positive and negative likelihood ratio for algo-
rithm-aided and not algorithm-aided diagnosis of uterine
sarcoma is shown in the Table 3.

Both readers improved their performance adopting the
proposed diagnostic algorithm.

The JR algorithm-aided performance in terms of sensi-
tivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), and accuracy was, respectively,
100.00%, 78.57%, 80.00%, 100.00% and 88.46%.

SR increased the performance too obtaining a sensitiv-
ity, specificity, PPV, NPV, and accuracy, respectively, of
100.00%, 93.33%, 92.31%, 100.00% and 96.30%.

The inter-readers agreement has been evaluated by con-
sidering the following scale of values for the interpretation
of the Cohen’s k values:

— <0: No agreement

— 0.00-0.20: slight agreement

— 0.21-0.40: fair agreement

— 0.41-0.60: moderate agreement
— 0.61-0.80: substantial agreement

Table 2 Diagnostic performances of each MRI parameters and the multiparametric approach

Sensitivity (95% CIs)  Specificity P-value PPV (%) NPV (%)  Accuracy (%)

DWI 100% 82.93% <0.01 65 100 87
(75.29% to 100.00%) (67.94% to 92.85%)

T2 SI 100% 36.59% <0.05 33.33 100% 51.85
(75.29% to 100.00%) (22.12% to 53.06%)

T1 SI 69.23% 87.8% <0.01 64.29 90 83.33
(38.57% t0 90.91% (73.80% t0 95.92%)

Post-contrast T1 enhancement 53.85% 87.8% <0.05 58.33 85.71 79.63
(25.13% t0 80.78%) (73.80% t0 95.92%)

Multiparametric approach (3 features)  84.62 97.56% <0.01 91.67 95.24 94.44
(54.55% t0 98.08%) (87.14% t0 99.94%)

Multiparametric approach (4 features)  38.46% 100% <0.01 100 83.67 85.19
(13.86% to 68.42%) (91.40% to 100.00%)

Border 53.8% 95% <0.01 77.78 86.36 78.9

(25.13% to 80.78%)

(83.08% to0 99.39%)

@ Springer
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Fig. 6 Box and whisker plots " o
representing ADC values o °
in uterine leiomyomas and
sarcomas (on the left). ROC
curve shows the diagnostic N N
performance of ADC values in °
differentiating leiomyomas from 73
uterine sarcomas. ADC values g 84
distribution are also shown in <
the table
e
-
n |
[=]

100}
80f
> i
= 60
i i
) 40
n r
20f AUC = 0,958
— ’ P < 0,001

20 40 60 80 100
100-Specificity

Leiomyoma

Uterine sarcoma

— 0.81-1.00: near perfect agreement
We observed:

— A moderate agreement (Cohen’s k: 0.571) between SR
and JR without the use of the diagnostic algorithm.

— Near perfect agreement (Cohen’s k: 0.847) between SR
and JR’s algorithm-aided report.

Table3 JR and SR performance for algorithm-aided and not algo-
rithm-aided diagnosis of uterine sarcoma

Statistical analysis Value 95% CI

Junior reader without algorithm

Sensitivity 75.00%  19.41% t0 99.37%
Specificity 68.75%  41.34% to 88.98%
Positive Likelihood Ratio 2.40 0.96 to 6.03
Negative Likelihood Ratio 0.36 0.06 to 2.05
Junior reader algorithm-aided diagnosis

Sensitivity 100% 73.54% to 100%
Specificity 78.57%  44.20% to 95.34%
Positive Likelihood Ratio 4.67 1.71to 12.72
Negative Likelihood Ratio 0 0

Senior reader without algorithm

Sensitivity 80.00%  28.36% to 99.49%
Specificity 73.33% 44.90% to0 92.21%
Positive likelihood ratio 3.00 1.16 to 7.73
Negative likelihood ratio 0.27 0.05 to 1.62

Senior reader algorithm-aided diagnosis

Sensitivity 100.00% 73.54% to 100.00%
Specificity 93.33% 68.05% to 99.83%
Positive likelihood ratio 15.00 2.26 t0 99.64
Negative likelihood ratio 0.00 0

1,22 2,55 1,3 0,435
0.66 0.903 0.686 0.1547
Discussion

Historically, uterine sarcomas are considered a rare clinical
entity with reported prevalence of LMS (the most frequent
subtype) ranged between 0.003 and 0.007% but presently
the true prevalence is estimated to be between 0.2 and 0.4%
[18].

The preoperative diagnosis of uterine sarcomas has
important clinical, therapeutic as well as prognostic values.

In this scenario, several studies try to find clinical, radio-
logical or laboratoristic parameters able to provide an ade-
quate preoperative malignancy risk assessment of myome-
trial lesions.

The role of MR imaging is a current and still debated
argument, although MR is considered the best imaging
modality for characterization and staging of uterine masses.

The diagnostic accuracy of each individual MR param-
eters in the diagnosis of uterine sarcomas was evaluated by
several studies but it is demonstrated that there is frequently
an overlap of MR features between uterine LM and sarcoma.

In 2008, Tamai et al. [17] published a paper proposing
the use of DWI and the corresponding ADC map to distin-
guish sarcomas and cellulated leiomyomas from typical and/
or degenerate leiomyomas. However, they found an overlap
of DWI and ADC values between typical leiomyomas, cel-
lulated leiomyomas and uterine sarcomas.

In 2009, Namimoto et al. [19] tried to increase MR diag-
nostic accuracy by combining tumor ADC values with the
T2 SI: They obtained a sensitivity and specificity of 100%
in the diagnosis of sarcoma.

Other authors proposed a multiparametric approach as,
in 2013, Thomassin-Naggara et al. [20] who demonstrated
how sarcoma can be diagnosed with an accuracy of 92.4%
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through the combination of age (> 44 years old), T2 and
DWI SI but they didn’t consider T1 signal and the type of
contrast enhancement.

In 2015, Lin et al. [21] prospectively investigated the
added value of contrast media: They demonstrated how the
combination of DWI and ADC values achieved equivalent
accuracy than the use of contrast media in the diagnosis of
uterine sarcoma. T2 signal and presence of hemorrhagic foci
were not evaluated.

In 2018, the systematic review published by Kaganov
et al. [22] found no significant associations between ADC
values and sarcoma diagnosis, while it demonstrated that
the combination of T1 and T2 signal is more effective and
contributed to the diagnosis of sarcoma with a specificity
of 77.78%.

To increase sensitivity and specificity in the distinction
between uterine sarcomas and leiomyomas, Nagai et al.
[23] proposed to combine clinical and radiological data and
elaborated a preoperative score for the evaluation of uter-
ine sarcomas. Four features had to be evaluated: age at sur-
gery, serum lactate-dehydrogenase level, MRI findings (T1
hyperintensity and/or T2 heterogeneous signal) and cytol-
ogy results. However, neither DWI signal nor post-contrast
sequences have been used in this work.

Presently, there is no agreement in literature about what
MR parameters is the most sensitive and specific for malig-
nant myometrial lesion detection. The most important imag-
ing features for this difficult differential diagnosis and the
most representative research about this argument have been
recently reviewed by Sun et al. and Smith et al. [24, 25].

The aim of our study was to propose a diagnostic algo-
rithm for the differential diagnosis between uterine sarcomas
and leiomyomas evaluating all MRI features described in
literature already validated for uterine sarcoma diagnosis.
We decided to not include texture analysis because it is a
less reproducibly technique especially for less subspecial-
ized readers.

In our paper, firstly we evaluated the performance of pre-
viously validated MR parameters on our cohort of patients.

All signal MR features described in literature as pre-
dictive of malignancy (T2 intermediate signal, DWI/ADC
restricted signal, areas of hemorrhage on TIWI and early
enhancement and central areas of necrosis on post-contrast
sequence) significantly correlated with the diagnosis of uter-
ine sarcoma in our population.

If we consider the performance of each individual feature,
DWI showed the best accuracy (87%), with significant cor-
relation (p <0.01). All uterine sarcomas in our population
showed restricted diffusion: DWI showed to have a sensibil-
ity of 100% with no false-negative (FN) cases and a high
NPV. Based on literature data, previously proposed ADC
values threshold ranged from 0.8 to 1,2 X 1073 mm?%s [27],
in our cohort overall accuracy reached its maximum value
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for an ADC value threshold of 0.903 x 1073 mm %/s (Youden
index=0.84).

On the other hand, 7/41 leiomyoma showed a restricted
diffusion (1 typical leiomyoma with areas of hyaline degen-
eration, 2 myxoid degenerated leiomyoma, 3 cellular leio-
myoma and 1 leiomyoma with bizarre nuclei): The major
limit of the mono-parametric approach (evaluation of DWI
alone) is the lower specificity.

During the evaluation of DWI and especially of ADC
map, it is important to avoid some pitfalls due to the pres-
ence of blood products; this type of misinterpretation (false
restricted DWI) involves especially less experienced readers.

It is mandatory to correlate DWI signal with both T2 and
T1 signal to not interpret hemorrhagic foci (T1 hyperin-
tense), necrotic areas (without CE even in the late phase) or
cystic areas (T2-hyperintensity, T1-hypointense both before
and after contrast) as area of real restricted signal, which are
hypointense on T2 and T1wi.

Also, ADC map quantitative evaluation had some pitfalls.
In our cohort, leiomyomas ADC map values were strongly
heterogeneous ranging from 0.64 to 2.55x 107> mm? s~!:

Some of the lowest ADC value were detected in homo-
geneous strongly T2 hypointense lesion due to the T2 black
out effect. These cases didn’t show a real restricted diffusion
because they were hypointense both on DWI and ADC. This
finding highlighted the importance of prior visual assess-
ment of DWI signal and secondly quantitative assessment
especially in doubt cases.

Among the different single imaging features, T1 SI and
enhancement type (heterogeneous and during early phase)
with central areas of necrosis revealed to be the most specific
(specificity 87.8%) but both showed a very low sensibility
69.23% and 53.85%, respectively.

In this context, a potential pitfall is to consider all avascu-
lar areas as necrotic due to the lack of contrast enhancement.
It is important to differentiate real tumoral necrosis from
areas of cystic or red degeneration because their pathogen-
esis is very different: Red degeneration is the consequence
of a venous infarction and represent a coagulative necrosis,
while avascular areas in a sarcomatous tissue is due to hem-
orrhagic tumoral necrosis [15].

In the evaluation of the presence of necrotic area, it is
mandatory to evaluate also T2 signal intensity for distin-
guishing between necrotic areas (T2 hypointense/intermedi-
ate signal) and areas of hyaline, cystic or red cell degenera-
tion, also avascular, but with different T2 signal intensity
(Fig. 7).

The integration of signal information derived from all
MR sequences resulted essential to proper analyze imag-
ing characteristic of the lesion and to reach the adequate
diagnosis.

Therefore, our results confirmed the importance of a
multiparametric approach in MR interpretation.
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Fig.7 Uterine leiomyosarcoma
characterized by internal areas
of T2 intermediate signal a,
central avascular on post-
contrast TIFS WI with irregular
margins b, typical for internal
neoplastic necrosis (red arrow
in a and b). The lesion in ¢ and
d showed internal well-defined
area of T2 hyperintense signal
¢, avascular on T1 FS W1 d,
suggestive for leilomyoma with
cystic degeneration (arrow in ¢
and d)

In the presence of three imaging features favoring
malignancy, MRI obtained the best diagnostic perfor-
mance in terms of accuracy (94.44%,), and specificity
(97.56%).

The aim of our work was to develop a diagnostic algo-
rithm and a scoring system able to differentiate uterine leio-
myoma and sarcoma.

The importance of using a standard approach in the inter-
pretation of MRI features and the need of a real radiological
grading system, such as BI-RADS or PI-RADS, to stratify
patients with uterine masses, result more and more evident,
as recently highlighted by Tong et al. [26].

A risk grading system is essential to standardize lexicon,
to guide less experienced radiologists to proper diagnosis
and to improve communication with gynecologists, mini-
mizing confusion in the interpretation of radiological reports
and consequent mismanagement.

Our proposed algorithm allowed to improve both JR and
SR performance (algorithm-aided accuracy 88.46% and
96%, respectively) and determined a significant increase in
inter-observer agreement (Cohen’s k: 0.847 between SR and
JR’s algorithm-aided report) helping even the less-experi-
enced radiologist in this difficult differential diagnosis.

Moreover, we appreciated a further performance improve-
ment thanks to the evaluation of ancillary features (mor-
phological and clinical ones) in doubt cases that reduced
the number of FN case, increasing especially sensibility
(Table 3).

One lesion (1 LG-ESS) was initially classified with score
3 by both readers but, considering the “ancillary features”
(in this case the presence of irregular margins), it can be
correctly re-classified as score 4. The misinterpretation
of LG-ESS can reflect its distinct biological behavior and
clinical outcome: although LG-ESS can show extra-uterine
involvement, metastasis, and recurrence, it is considered as
relatively indolent lesion compared to the other uterine sar-
comas (especially LMS, HG ESS and UES) associated with
long term survival.

We know that in this clinical scenario the specificity is
less important than sensibility due to the rarity of these
tumors but the presence of 4 or more features favoring
malignancy (score 5) demonstrated a high specificity (100%)
with no false positive (FP) case.

These are diagnosis that we can’t miss: in the evaluation
of a uterine mass with these imaging features (score 5) the
suspect of sarcoma is high and must be promptly and cor-
rectly communicated to the referring clinician (Fig. 8).
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Fig.8 Uterine leiomyosarcoma: MRI showed large uterine mass
characterized by heterogeneous and intermediate signal on T2 (a
coronal, b axial plane), significant restriction of diffusion (strongly
hyperintensity on DWI and strongly hypointensity on ADC map),

some intralesional hemorrhagic foci on TIWI ¢ and early contrast
enhancement (f, T1WI arterial phase after contrast) with central areas
of necrosis (g, venous phase)

Fig.9 A rapid uterine growth mass in a post-menopausal woman
revealed to be a leiomyoma with bizarre nuclei. Sagittal a and axial
b T2WI demonstrated a large heterogeneous uterine mass (red arrow
in A) that showed diffusion restriction with high signal intensity on

In the elaboration of our algorithm, we decided to start
with DWI signal evaluation due to its high NPV. For the
same reason, on the second step, we decided to evaluate
T2 signal.

In case of no restricted DWI and T2 homogeneous
hypointense signal, the examined lesion has a real low
risk to be malignant due to the high NPV of these two MR
parameters.

Presently, based on literature data, we were not able
to completely rule out the diagnosis of uterine sarcoma
in case of a mass with no restricted diffusion and with
an heterogenous intermediate T2 signal. In these cases,
also other MR features must be considered, and, in case
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DWI ¢ and hypointensity on ADC map d. There were some internal
avascular areas with intermediate T2- signal compatible with focal
internal necrosis. No internal hemorrhagic foci were present

of doubt, clinical data and a multidisciplinary discussion
are mandatory.

The diagnostic algorithm proposed was independent of
the presence of ascites, pelvic peritoneal or extraperitoneal
implants, pelvic lymphadenomegalies that are clear signs
of malignancy but not specific for uterine sarcoma due
to its preferential hematogenous spread. In these cases, it
is necessary to consider also other differential diagnosis.

In our cohort, algorithm both SR and JR sensibility was
100% but we are aware that further validation studies are
needed. Specificity was for, respectively, 93,33% SR and
for 78.57% for JR.
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Both reader (SR and JR) indicated as score 4 a case of
atypical subtype of leiomyoma (leiomyoma with bizarre
nuclei) that presented as a rapid uterine growth mass in
a post-menopausal woman, as shown in Fig. 9. This was
a very rare subtype of leiomyoma that represented a real
diagnostic challenge and highlighted the problem of pos-
sible overlap of imaging features between benign and
malignant lesion.

In the context of such rare pathologies with a very
poor prognosis is always important to remember that, in
doubtful cases, multidisciplinary approach is necessary
to a proper risk—benefit analysis (over-treatment versus
underestimate).

Moreover, the JR erroneously classified two benign
lesions (1 myxoid degenerated and 1 a red degenerated
leiomyoma) with score 4 due to misinterpretation of SI.

Especially unexperienced radiologists must remem-
ber some important artifacts/pitfalls to not erroneously
describe the SI of a lesion (Table 2):

In DWI signal evaluation, radiologists must be familiar
with T2-shine through and T2 blackout effect and avoid
in the quantitative assessment on ADC map the hemor-
rhagic foci (T1 hyperintense), necrotic areas (without CE
even in the late phase) or cystic areas (T2-hyperintensity,
T1-hypointense both before and after contrast), Fig. 10.

Fig. 10 Difference between
tumoral necrosis (a T2WI, b
T1WI after contrast) and benign
red degeneration (¢ T2WI, d
T1WI after contrast): tumoral
necrosis showed inner irregular
margins while red degenerated
leiomyoma showed complete
avascularity with a regular
internal profile

Our preliminary results showed how the application of
the algorithm improved the performance of both the JR
and SR with a significant increase in sensitivity, specific-
ity and accuracy.

Moreover, the algorithm showed a better performance
than simply evaluation of co-presence of 3 or more MR sig-
nals features.

The application of the diagnostic algorithm allowed a
proper identification of suspicious features with an easy and
systematic approach.

Furthermore, diagnostic algorithm and standard lexi-
con application induced a significant increase in the inter-
observer agreement with a better risk stratification of these
patient.

Our study had several limitations.

Firstly, the number of patients was relatively small due to
the rarity of the disease.

Secondly, it was a retrospective study and further external
and prospective validation with a larger patient cohort is
needed. External validation is an important step in the vali-
dation of a diagnostic algorithm and score system to avoid
overfitting to the training dataset, potentially resulting in
an overestimation of the algorithm diagnostic performance.

Finally, it was a multicentric study and included images
from multiple MRI scanners without a uniform protocol.
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On the other hand, this aspect can better reflect the typical
clinical practice. Indeed, most of our examination was per-
formed with a multiphasic acquisition, but dynamic contrast
enhancement acquisition is presently encouraged and con-
sidered by ESUR as the optimal technique for better assess-
ment of areas of early enhancement and of necrosis [12].

Conclusion

Uterine leiomyomas and sarcomas frequently show an over-
lap of clinical and imaging features, especially in the pres-
ence of degenerate and large leiomyomas.

Furthermore, considering the low prevalence of uterine
malignant mesenchymal tumors compared to common leio-
myomatous lesions, the risk of underestimating a myome-
trial mass is significant, with important clinical and thera-
peutic consequences.

Our proposed algorithm improved the performance of
both the JR and SR with a significant increase in sensitivity,
specificity, and accuracy.

In the diagnostic evaluation of MRI features, the use of a
diagnostic algorithm can help the radiologist, even the less
experienced ones, to standardize the approach to a com-
plex myometrial mass and more easily identify suspicious
features.

However, it should be always remembered that the result
obtained from image interpretation represents only a prob-
ability of the risk of malignancy and, in unclear cases, a
multidisciplinary approach is mandatory to properly manage
these patients.
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