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Simple Summary: The optimal imaging method for deep myometrial infiltration assessment in
endometrial cancer is uncertain. We aimed to compare transvaginal ultrasound and magnetic
resonance imaging in the preoperative assessment of deep myometrial infiltration. Our study
indicates that transvaginal ultrasound provides diagnostic performance comparable to magnetic
resonance imaging. However, magnetic resonance imaging showed significantly better specificity
in low-grade endometrial cancer. Further studies are needed for the evaluation of myometrial
infiltration, especially concerning patients with fertility-sparing wishes.

Abstract: In endometrial cancer (EC), deep myometrial invasion (DMI) is a prognostic factor that
can be evaluated by various imaging methods; however, the best method of choice is uncertain. We
aimed to compare the diagnostic performance of two-dimensional transvaginal ultrasound (TVS)
and magnetic resonance imaging (MRI) in the preoperative detection of DMI in patients with EC.
Pubmed, Embase and Cochrane Library were systematically searched in May 2023. We included
original articles that compared TVS to MRI on the same cohort of patients, with final histopathological
confirmation of DMI as reference standard. Several subgroup analyses were performed. Eighteen
studies comprising 1548 patients were included. Pooled sensitivity and specificity were 76.6% (95%
confidence interval (CI), 70.9–81.4%) and 87.4% (95% CI, 80.6–92%) for TVS. The corresponding
values for MRI were 81.1% (95% CI, 74.9–85.9%) and 83.8% (95% CI, 79.2–87.5%). No significant
difference was observed (sensitivity: p = 0.116, specificity: p = 0.707). A non-significant difference
between TVS and MRI was observed when no-myometrium infiltration vs. myometrium infiltration
was considered. However, when only low-grade EC patients were evaluated, the specificity of MRI
was significantly better (p = 0.044). Both TVS and MRI demonstrated comparable sensitivity and
specificity. Further studies are needed to assess the presence of myometrium infiltration in patients
with fertility-sparing wishes.

Keywords: endometrial neoplasm; endometrium carcinoma; ultrasonography; ultrasonographic
imaging; MRI scan; preoperative staging; low-grade endometrial cancer; diagnostic imaging; comparative
analysis; head-to-head analysis
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1. Introduction

Endometrial cancer (EC) is the sixth most common cancer in women worldwide. In
2020 alone, 417,000 new cases and 97,000 deaths were reported worldwide attributed to
EC [1]. Due to the increasing rate of obesity, the average age of populations and other risk
factors, the overall incidence of EC has risen by 132% over the last 30 years [2].

In EC, hysterectomy and bilateral salpingo-oophorectomy are usually unavoidable.
The extent of concomitant lymphadenectomy is determined by risk factors such as tumor
grade, histological type, stage, myometrial infiltration depth, lymphovascular space inva-
sion (LVSI) and molecular type. However, the choice of extended surgery is associated with
an elevated risk of complications [3].

The ESGO/ESTRO/ESP (European Society of Gynaecological Oncology, European
Society for Radiotherapy and Oncology, European Society of Pathology) guidelines for the
management of patients with EC were published in 2021. The preoperative evaluation
of EC should determine the histopathologic type, grade, myometrial invasion, and LVSI,
preferably with the addition of molecular classification. On the basis of these criteria,
five prognostic risk groups were determined (low, intermediate, high-intermediate, high,
and advanced), where the presence of deep myometrial invasion (DMI) plays an important
role. In patients with low- or intermediate-risk disease, sentinel lymph node biopsy can
be a viable option for staging. However, in patients with high-intermediate or high-risk
disease, surgical lymph node staging should be performed [4].

For DMI assessment, a transvaginal or transrectal ultrasound performed by an expert
or a pelvic magnetic resonance imaging (MRI) is recommended [4–7]. The most recent
meta-analysis comparing 2D-TVS (transvaginal ultrasound) to MRI was published in
2017 and concluded that MRI showed similar specificity and superior sensitivity com-
pared to TVS in detecting DMI in women with EC, but the difference was not statistically
significant [8]. Some authors suggest the usage of MRI only for patients in whom TVS,
carried out by an expert, produces images of poor quality [9]. Currently, there is no
consensus on the imaging method of choice between the different guidelines [7]. There
are conflicting data in the literature regarding the utility of the intraoperative frozen
section for DMI [10,11]. Hence, this is currently not recommended by the most recent
ESGO/ESTRO/ESP guideline [4]. Three-dimensional transvaginal ultrasound does not
seem to be a superior method compared to two-dimensional TVS in terms of diagnostic
accuracy and interrater agreement [12–14].

Among individuals diagnosed with low-grade (grade 1 or 2 endometrioid) EC, ap-
proximately 15.4% are below the age of 50 years, while approximately 4.2% of women
are diagnosed before the age of 40 years [15]. In 2023, the ESGO/ESHRE/ESGE (Eu-
ropean Society of Gynaecological Oncology, European Society of Human Reproduction
and Embryology, European Society for Gynaecological Endoscopy) guidelines for the
fertility-sparing treatment of patients with EC were published. Accordingly, in patients
with endometrioid EC with grade 1, stage IA tumors, without myometrial invasion and
without other risk factors, the option of fertility-sparing treatment can be considered [16].
However, the assessment of transvaginal ultrasound or MRI in determining the absence of
myometrial invasion or shallow myometrial invasion is based on extrapolation from data
on diagnosing DMI [16].

Therefore, we aimed to investigate the diagnostic accuracy of TVS and MRI in the
detection of DMI in EC.

2. Materials and Methods

In accordance with the PRISMA 2020 guidelines [17] (Table S1), we presented our
systematic review and meta-analysis following the methodological principles outlined in
the Cochrane Handbook [18]. Our study protocol was registered on PROSPERO, under
registration number CRD42023426934.
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2.1. Eligibility Criteria

We included prospective and retrospective cohort studies. The included population
was EC patients who underwent hysterectomy and were examined preoperatively using
both 2-dimensional (2D) TVS (Index Test 1) and MRI (Index Test 2), compared to definitive
postoperative histology (Reference Test) as the gold standard for diagnosing myometrial
invasion depth.

Studies (1) with inaccurate or inconsistent data or where data were presented in a way
that could not be further processed, (2) conference abstracts, reviews, case series and case
reports, (3) previous systematic reviews and meta-analyses, (4) articles containing data
on patients screened exclusively with either TVS or MRI and (5) articles in which 3D
ultrasound was the index test were excluded. Attempts were made to contact the authors
of articles with inconsistent data.

Studies that reported on the level of myometrial invasion (<50% or ≥50%) were eligible
for data processing. True positive, true negative, false positive and false negative values
were all calculable or included in the articles.

No language or other restrictions were applied.

2.2. Information Sources and Search Strategies

Our systematic search was conducted in three databases: MEDLINE (Pubmed), Em-
base and Cochrane Library on 22 May 2023. The domains of the search key included
endometrium, cancer, transvaginal sonography and magnetic resonance imaging. See the
full search key in Section S1.

2.3. Selection and Data Collection Process

After duplicate removal, title-abstract and full-text selection processes were conducted
by two independent authors (IM, GV). To assess inter-rater agreement, Cohen’s kappa
coefficients (κ) were calculated at each step [19]. Disagreements were resolved by a third
author (NÁ). Duplicate records were eliminated using EndNote 20 (Clarivate Analytics,
Philadelphia, PA, USA), and the remaining articles were assessed using Rayyan [20]. Data
were extracted into a predefined sheet. Notably, if both expert and non-expert data were
provided for the same patient cohort, expert data were included in the final analysis.

2.4. Data Items

The following data were extracted: first author, year of publication, study popula-
tion, study period, study type, settings (single/multicenter), patient data (total number,
menopausal status, age), distribution of the patients with <50% or ≥50% of myometrial
involvement, whether data on patients with low-grade EC were available, data on TVS and
MRI: number of true positive, true negative, false positive, false negative patients, data on
sensitivity and specificity.

2.5. Study Risk of Bias Assessment

The risk of bias assessment was performed independently by two authors (IM, GV),
with disagreements resolved by a third author (GS). To evaluate the quality of the included
studies, the modified version of the Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) tool was used.

2.6. Synthesis Methods

Statistical analyses were performed using R statistical software (version 4.1.2) and the
R script of the online tool described by Freeman [21]. For all statistical analyses, a p-value
of less than 0.05 was considered significant.

Two by two contingency tables were directly extracted or calculated from the studies
containing true positive, false positive, false negative and true negative values. To pool
sensitivity and specificity, the bivariate models of Reitsma and Chu were fitted [22,23]. We
used ROC (receiver-operating characteristic curve) plots to illustrate the sensitivities and
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specificities of the included studies, the summary estimates of sensitivity and specificity
and the corresponding 95% confidence and prediction regions. The confidence region
contained both pooled sensitivity and specificity (more specifically, 1-specificity) in 95% of
the cases. The prediction region contained the true sensitivity and specificity (more exactly,
1-specificity) of a new study in 95% of the cases, thus providing excellent insight into
heterogeneity. In these visualizations, the sizes of the ellipsoids reflected the weights
of the studies, calculated according to the method described by Burke [24]. Besides the
prediction region, heterogeneity was assessed by performing separate univariate analyses
of sensitivity. Specifically, we used the generalized mixed-effect approach of Stijnen et al.
and calculated the I2 measure and its confidence interval [25].

The statistical challenge was that the performance of the MRI and TVS was evaluated
in the same population within each study, so we separately compared sensitivity and
specificity as follows: Separately for the logit transformed sensitivity and specificity, we
constructed a two-dimensional (with coordinates MRI logit sensitivity and TVS logit
sensitivity, and for specificity analysis MRI logit specificity and TVS logit specificity) model
using the rma.mv() function of the metafor R package. To circumvent the problem caused
by the unknown correlations, we supplemented the method with the robust approach of
Pustejovsky [26], implemented in the coef_test() function of the clubSandwhich R package.
Moreover, we repeated the approach under several within-study correlation assumptions.
All sensitivity runs provided similar p-values. We assessed possible time trends in the
sensitivity and specificity values by performing a random effect meta-regression using year
as a continuous covariate. We visualized the results on regression plots.

Publication bias was assessed by performing the methodology of Deeks et al., includ-
ing the modified funnel plot [27].

3. Results
3.1. Search and Selection

Altogether 7649 citations were identified, and after duplicate removal and title–abstract
selection, 89 were eligible for full-text screening. Of these, 18 articles [9,14,28–43], including
1548 patients met the inclusion criteria. The selection process is detailed in Figure S1.

3.2. Basic Characteristics and Eligibility Criteria of Included Studies

The included studies were published between January 1992 and September 2022. The
number of patients with DMI (≥50% of myometrial infiltration) was 520 (33.6% of the total
number of patients). The mean patient age was reported in nine studies, ranging from
54.4 to 69 years, the median age was reported in four further studies, ranging between
54 and 69 years. Most of the included studies were prospective (n = 14). Ten studies
were single-center, whereas three had multicenter design. TVS was conducted in nine
studies by a single expert examiner, while in six studies, it was performed by multiple
examiners. However, MRI was generally interpreted by multiple examiners (n = 10) rather
than a single examiner (n = 5). The basic characteristics of the enrolled studies are detailed
in Table 1.

The inclusion and exclusion criteria of the included articles are summarized in Table S2.
In four studies, TVS was performed by specialists who were aware of the IETA (Interna-
tional Endometrial Tumor Analysis) recommendations [44].
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Table 1. Basic characteristics of the included articles.

Author Study Design Study Period Number of
Centers

Number of
Patients

Number of DMI
(≥50% Myometrial Infiltration)

Pathologist Blinded
to Imaging TVS Observer MRI Observer

Cubo-Abert, 2021 [33] prospective October 2013–July 2018 single 131 45 NA single multiple

Gaston, 2022 [36] prospective January 2016–March 2020 single 156 20 yes single single

Palmer, 2023 [39] prospective January 2017–June 2019 multi 259 67 NA multiple multiple

Wong, 2022 [41] prospective October 2015–October 2018 single 51 22 yes single single

Perniola, 2022 [14] prospective March 2019–March 2021 single 56 32 NA single single

Cerovac, 2022 [32] prospective July 2019–April 2021 single 60 26 NA single single

Rahmani, 2018 [40] prospective October 2009–December 2012 single 45 16 NA single single

Dueholm, 2021 [35] prospective November 2013–December
2015 single 122 47 NA multiple multiple

Cagnazzo, 1992 [31] NA NA NA 14 1 NA NA NA

DelMaschio, 1993 [34] prospective NA NA 42 22 yes single multiple

Yamasita, 1993 [43] prospective NA NA 40 13 yes single multiple

Kim, 1995 [37] prospective January 1991–April 1994 NA 26 10 NA multiple multiple

Yahata, 2007 [42] retrospective January 1995–April 2004 NA 177 58 NA NA NA

Savelli, 2008 [9] prospective February 2000–May 2004 multi 74 32 NA multiple multiple

Özdemir, 2009 [38] prospective January 2007–November2008 single 64 20 NA single multiple

Antonsen, 2013 [29] prospective September 2009–January 2012 multi 123 36 NA multiple multiple

Buhler, 2015 [30] retrospective July 2012–July 2014 single 29 12 NA multiple multiple

Angioli, 2016 [28] prospective January 2012–February 2015 single 79 41 NA NA NA

NA: no data available, DMI: deep myometrial invasion.
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3.3. Diagnostic Performance of TVS vs. MRI

The pooled sensitivity for DMI sensitivity was 76.6% (95% CI, 70.9–81.4%) for TVS and
81.1% (95% CI, 74.9–85.9%) for MRI, respectively. The pooled specificity was 87.4% (95% CI,
80.6–92%) for TVS and 83.8% (95% CI, 79.2–87.5%) for MRI. The difference between the
specificity and sensitivity of the two imaging methods was not significant (sensitivity:
p = 0.116, specificity: p = 0.707). The pooled sensitivity and specificity are presented in ROC
plots (Figure S2) and forest plots (Figure 1).

Figure 1. Cont.
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Figure 1. (A) Forest plot of TVS for sensitivity across all articles included [9,14,28–43]. Abbreviations:
TP: number of true positive patients. TN: number of true negative patients. TNOHealthy: total
number of healthy patients. TNOSick: total number of patients diagnosed with endometrial cancer.
CI: confidence interval. TVS: transvaginal sonography. MRI: magnetic resonance imaging. The results
of the pooled model are visualized as well. Each red square represents the point estimate of the effect
size for a specific study, and the horizontal line through the square indicates the 95% confidence
interval (CI). The blue diamond at the bottom represents the overall pooled effect size, with its width
representing the 95% CI. Heterogeneity is indicated by I2 and p-values, representing the variability
between the included studies. (B) Forest plot of TVS for specificity across all articles included.
(C) Forest plot of MRI for sensitivity across all articles included. (D) Forest plot of MRI for specificity
across all articles included.
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With regard to publications after 2013 (since the last meta-analysis on this topic) [8],
the corresponding forest plots and ROC plots are included in Figure S3. No significant
difference between the sensitivity and specificity of TVS and MRI was observed (sensitivity:
p = 0.504, specificity: p = 0.843). Changes in sensitivities and specificities over the years are
visualized in Figure S4. The p-values of the meta-regressions and the regression plots do
not indicate any systematic change with time.

3.4. Diagnostic Performance of TVS vs. MRI in a Cohort of Patients with Low-Grade
Endometrial Cancer

Four studies [33,36,39,41] were included in the low-grade subgroup, and three of these
enrolled exclusively low-grade EC patients. This subgroup consisted of 577 patients.

A separate analysis of low-grade EC patients resulted in a sensitivity of 71.9% (95% CI,
64.2–78.4%) for TVS and 70.1% (95% CI, 56.9–80.6%) for MRI, respectively. The difference
between these values was not statistically significant (p = 0.495). On the other hand,
a statistically significant difference (p = 0.044) was observed between the specificity of
the two groups: a 74.7% (95% CI, 65.3–82.1%) specificity for TVS and an 87.2% (95% CI,
83.1–90.4%) specificity for MRI. Clinically, this result is particularly relevant in patients
with low-grade endometrial cancer, where the higher sensitivity of MRI allowed for a more
careful assessment of fertility-sparing operations.

Figure 2 shows forest plots for TVS and MRI for low-grade EC. ROC plots are shown
in Figure S5.

Figure 2. Cont.
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Figure 2. (A) Forest plot of TVS for sensitivity; only low-grade EC articles are included [33,36,39,41].
Abbreviations: TP: number of true positive patients. TN: number of true negative patients. TNO-
Healthy: total number of healthy patients. TNOSick: total number of patients diagnosed with
endometrial cancer. CI: confidence interval. TVS: transvaginal sonography. MRI: magnetic resonance
imaging. The results of the pooled model are visualized as well. Each red square represents the point
estimate of the effect size for a specific study, and the horizontal line through the square indicates
the 95% confidence interval (CI). The blue diamond at the bottom represents the overall pooled
effect size, with its width representing the 95% CI. Heterogeneity is indicated by I2 and p-values,
representing the variability between the included studies. (B) Forest plot of TVS for specificity, with
only low-grade EC articles included. (C) Forest plot of MRI for sensitivity, with only low-grade EC
articles included. (D) Forest plot of MRI for specificity, with only low-grade EC articles included.

3.5. MRI Performance According to the Sequences Used

Seventeen articles provided data on the MRI sequences used [14,28–43]. We divided
these articles into two groups: the first group included studies that used exclusively T1
and/or T2 sequences (T1–T2 group), the second group included studies that used DCE
and/or DWI (DCE-DWI group), in addition to T1 and T2 sequences. No significant differ-
ence was observed between the sensitivity and specificity of the two methods (sensitivity:
p = 0.755, specificity: p = 0.788). Forest plots and ROC plots are presented in Figure S6.

3.6. No Myometrial Invasion vs. Invasion of Any Depth

In five articles, including 329 patients [14,31,34,42,43], it was possible to compare TVS
and MRI for no myometrial invasion vs. myometrial invasion of any depth. The pooled
sensitivity for the detection of myometrial invasion was 89.9% (95% CI, 76.8–95.9%) for
TVS and 91.1% (95% CI, 78.4–96.6%) for MRI, respectively. The pooled specificity was
42.6% (95% CI, 30.9–55.1%) for TVS and 46.1% (95% CI, 35.6–56.9%) for MRI. No significant
difference was observed (sensitivity: p = 0.911, specificity: p = 0.145). Forest plots and ROC
plots are shown in Figure S7.
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3.7. Risk of Bias Assessment

For the domain Patient Selection, most of the articles clearly defined inclusion criteria.
The overall risk of bias was moderate to low. Articles excluding high-grade EC patients
were not considered to be at a high risk of bias [33,36,39].

For the index test domain, we performed separate assessments of TVS and MRI. Most
of the studies were considered to be at a low risk of bias.

In three studies [29,38,39], the exact method adopted to assess DMI with the TVS
or the infiltration depth was not clearly defined, leaving the risk of bias unclear. In one
study [30], none of the previous criteria were well defined, and the study was therefore
considered to be at a high risk of bias.

For MRI examination, most of the studies were considered to have low risk of bias. In
seven articles [14,28–30,38–40], either the exact methodology or a clear description of how
DMI was assessed were missing. These studies were considered to be at an unclear risk
of bias.

For the reference test domain, four studies [34,38,41,43], clearly reported that the
pathologist performing the final histopathology was blinded to the results of the imaging
procedures. These were considered to be at a low risk of bias.

For the flow and timing domain, the overall risk of bias was low to moderate. Eleven
studies clearly identified the time between the index test and surgery; therefore, these were
considered to be at a low risk of bias. In the rest of the studies, these data were missing,
making the risk of bias unclear.

The results of the risk of bias assessment are presented in Table S3. A detailed descrip-
tion of the risk of bias applied is described in Section S2.

In terms of applicability, patient selection and reference standard domains were con-
sidered to have low risk of bias across all articles.

In terms of the clinical importance of the low-grade subgroup, a separate risk of bias
assessment was performed for this subgroup, which is presented in Section S3.

3.8. Publication Bias and Heterogeneity

On the basis of the funnel plot, no evidence of serious publication bias could be
observed for the diagnostic accuracy of the two methods (TVS: p = 0.214, MRI: p = 0.052)
(Figure S8).

Moderate heterogeneity was observable for sensitivity (TVS: I2 = 42% [0–67%], MRI:
I2 = 48% [10–70%]) for all-grade EC patients. Specificity was moderate for both imaging
methods (TVS: I2 = 70% [51–81%], MRI: I2 = 68% [48–80%]).

4. Discussion

In our study, we found no significant difference between the diagnostic performance
of TVS and MRI when both low- and high-grade EC patients were included. On the
other hand, when only low-grade cases were analyzed, the specificity of MRI proved to
be significantly higher. This might highlight the potential benefits of MRI, interpreted by
expert examiners, in patients with low-grade EC, when TVS has limited diagnostic abilities
due to different factors affecting visibility.

In 2017, Alcazar et al. published a meta-analysis on the assessment of DMI, including
studies on 560 patients, published before 2013 [8]. They concluded that MRI showed
superior sensitivity compared to TVS in detecting DMI in women with EC. However,
the difference between the two imaging modalities was not statistically significant. The
elaboration of studies conducted after 2013 showed a slightly better TVS sensitivity and
specificity, as well as MRI specificity. However, the pooled sensitivity of MRI was reduced.

Ultrasound imaging has advantages, such as being more accessible, repeatable and
time-efficient, and it can be performed without the use of a contrasting agent. However,
disadvantages include the fact that it is operator-dependent, and accuracy is affected
by tumor size, tumor vascularization density, tumor vessel architecture and histological
grading [45,46]. In a recent meta-analysis by Tameish et al., conducted exclusively on
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patients with low-grade EC, neither sensitivity nor specificity was significant between
TVS and MRI in the assessment of DMI [47]. However, in our subgroup analysis on the
same articles, we observed a significantly better specificity of MRI. This difference can be
attributed to the different data used in our study. In one article, two different radiologists
evaluated MRI examinations [39]. We included data from more experienced examiners, in
agreement with the recommendations of the ESGO/ESTRO/ESP guidelines [4].

To improve the diagnostic accuracy of TVS, IETA studies were conducted on the appli-
cation of terminology in relation to tumor stage, grade and histological type [44], high-risk
EC prediction [6] and ultrasound-based prognostic models [48,49]. A histological feature,
microcystic elongated and fragmented (MELF) pattern is associated with lymph node
metastases and an advanced tumor stage in EC; however, it does not affect preoperative
ultrasound staging and does not increase the risk of underestimating DMI in preoperative
ultrasound staging [50]. The diagnostic accuracy of TVS in patients with concomitant
benign uterine pathologies is often limited [51].

The addition of clinical data and radiomics to ultrasound can result in promising mod-
els, able to discriminate between different EC risk groups. In 2022, Moro et al. demonstrated
that radiomics exhibits a capacity to differentiate low-risk endometrial cancer from other
forms and demonstrates superior discrimination between high-risk endometrial cancer and
alternative types. Nevertheless, the integration of radiomics features into clinical ultrasound
models did not yield a significant enhancement in overall performance [52]. Radiomics
applied to ultrasound images and machine learning models demonstrated promising per-
formance in other female genital tumors, such as ovarian and myometrial lesions [53,54].

Spagnol et al. reported comparable diagnostic accuracy of 3D-TVS to MRI for the
detection of DMI [55]. In this meta-analysis, which includes five studies, with a total of
450 patients, the pooled sensitivity was 77% (95% CI, 66–85%) for 3D-TVS and 80% (95% CI,
73–86%) for MRI, with a specificity of 74% vs. 83% for detecting DMI. In our study, the
pooled sensitivity was similar to these data, and TVS specificity was better. In a recent meta-
analysis by Ziogas et al., no significant difference was observed between 2D-TVS and 3D-
TVS in terms of sensitivity and specificity (80.4% vs. 77.6% and 82.8% vs. 81.6%, respectively,
p = 0.960 and p = 0.733) [13]. Perniola et al. reported that tumor volume estimation on
2D-TVS, 3D-TVS and MRI showed correlations among all three methods, indicating that
2D-TVS can be sufficient for myometrial infiltration assessment [14]. However, Costas et al.
conducted a meta-analysis on the predictive value of 3D-TVS in DMI assessment, which
resulted in a pooled sensitivity of 84% (95% CI, 73–90%) and a specificity of 82% (95% CI,
75–88%). These findings were superior to the outcomes of our investigation [56].

TVS interpretation methods (subjective or different objective modalities) were different
in our included studies. The IETA 4 study found that, in terms of sensitivity, subjective
assessment provided comparable results to objective methods (Karlsson’s method, minimal
tumor-free margin) in the hands of experienced ultrasound examiners [6]. Subjective
assessment was the best method to predict DMI, especially in patients with low-grade
EC. Another study concluded that the subjective ultrasound evaluation of DMI performed
better than objective methods in most measurements, although statistically significant
improvements were observed only in terms of sensitivity [57].

MRI, the other imaging technique of interest, provides detailed information on soft
tissues. However, MRI images are more expensive to obtain, are not tolerated by many pa-
tients due to claustrophobia, are time consuming, are not suitable for patients who are very
obese or have metal implants, foreign bodies or impaired kidney functions [58,59]. In con-
trast to TVS, MRI is considered as less reliant on operator skills. Nevertheless, a multicenter
network study suggests the use of the European Society of Urogenital Radiology (ESUR)
guidelines [60]. Different MRI sequences were used in the articles included in our meta-
analysis, which might have influenced the sensitivity and specificity obtained in the studies.
In a recent meta-analysis, Bi et al. concluded that diagnostic accuracy is highest using
T2-weighted imaging, dynamic contrast-enhanced MRI, and diffusion-weighted imaging
for the detection of DMI [61]. The pooled sensitivity and specificity were 79% (95% CI,
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75–83%) and 81% (95% CI, 78–83%), respectively. Similar results were obtained in our study
for articles on patients with low- and high-grade EC. Other studies found no significant
difference in the diagnostic performance between DWI and DCE for the diagnosis of DMI
in EC [62,63]. Radiomics applied to MRI and artificial intelligence are valuable tools that
can aid clinicians in the proper diagnosis and management of EC [64]. These tools have
shown promising results in other gynecological tumors as well [65–67].

Our study highlighted the role of TVS in the preoperative assessment of DMI. Con-
sidering the greater number of patients enrolled compared to previous meta-analyses and
the improvement of imaging methods over a decade, we found that 2D-TVS maintains its
reliability in the preoperative evaluation of EC. TVS is cheaper and more widely available
than MRI, which can be particularly important in low-resource countries.

Regarding the strengths of our analysis, we followed our protocol, registered in
advance. Further strengths were the rigorous methodology, meticulous analysis of data,
several subgroup analyses, such as a low-grade only patient group. MRI and TVS were
performed on the same cohort of patients, which allowed a better comparison of the
two methods. Finally, the studies generally showed a moderate-to-good quality in terms of
the index test and reference standard definition.

The generalization of our results is problematic for low-grade tumors, due to the low
number of patients enrolled and the barely significant difference between the specificity of
TVS and MRI. For a non-expert examiner, this difference was not statistically significant.
Different interpretations of the imaging data were applied in the articles. The presence of
moderate and high risks of bias in some of the domains is an additional limitation.

Heterogeneity might be attributed to different scanning and interpretation methods,
as well as to the different proportions of EC types in the study populations. In addition,
operator experience might also play a role.

On the basis of previous evidence, there are clear benefits of rapidly integrating results
into clinical practice [68].

Our results suggest that TVS can be a good alternative imaging modality when
MRI is not an option. TVS is cheaper and more easily available. The results of our
subgroups should be interpreted with caution, as further prospective data collection would
be needed to assess the diagnostic accuracy of TVS and MRI in the same patient cohort
with low-grade EC.

5. Conclusions

In conclusion, our study showed that ultrasound maintains its diagnostic performance
in the detection of deep myometrial infiltration in endometrial cancer. For all-grade
tumors, TVS showed higher sensitivity, whereas MRI had higher specificity. Further
research should be conducted on the performance of TVS and MRI to assess the presence
or absence of myometrial infiltration and to provide valuable information, especially in
fertility-sparing wishes.

Furthermore, there is a need to explore how artificial intelligence and radiomics can
improve the diagnostic performance and predictive values of ultrasound and MRI. External
validation of prognostic models would also be reasonable.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers16050907/s1, Section S1: search key. Section S2: risk of
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risk of bias (quality assessment of diagnostic accuracy studies 2). Figure S1: PRISMA flow chart.
Figure S2: pooled sensitivity and specificity of TVS (A) and MRI (B). Figure S3: articles with data
published since the last meta-analysis on this topic. Figure S4: regression plots of sensitivity and
specificity over the years. Figure S5: pooled sensitivity and specificity of TVS (A) and MRI (B)
in low-grade EC patients. Figure S6: MRI data grouped by the sequences used. Figure S7: no
myometrial invasion vs. myometrial invasion. Figure S8: funnel plots, all articles included for
TVS (A) and MRI (B).
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