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Abstract 
Background: This meta-analysis aimed to identify the accuracy of shear wave elastography (SWE) in the diagnosis of 
endometrial cancer (EC).

Methods: We searched the PubMed, Cochrane Library, and chinese biomedical literature database from inception to September 
30, 2022. Meta-analysis was conducted using STATA version 14.0 and Meta-Disc version 1.4 software. We calculated summary 
statistics for sensitivity (Sen), specificity (Spe), positive and negative likelihood ratio (LR+/LR−), diagnostic odds ratio (DOR), and 
receiver operating characteristic (SROC) curves.

Results: Eight studies that met all the inclusion criteria were included in this meta-analysis. A total of 432 patients with EC and 
548 with benign endometrial lesions were assessed. All endometrial lesions were histologically confirmed by SWE. The pooled 
Sen was 0.91 (95% confidence interval [CI] = 0.83–0.95); the pooled Spe was 0.90 (95% CI = 0.86–0.93); the pooled LR+ was 
9.10 (95% CI = 6.20–13.35); the pooled negative LR− was 0.10 (95% CI = 0.05–0.20); the pooled DOR of SWE in the diagnosis 
of EC was 90.73 (95% CI = 36.62–804.5). The area under the SROC curve was 0.95 (95% CI = 0.93–0.97). No evidence of 
publication bias was found (t = 0.98, P = .37).

Conclusion: Our meta-analysis indicates that SWE may have high diagnostic accuracy in the differential diagnosis of benign 
and malignant endometrial lesions. Thus, SWE may be a useful tool for the diagnosis of EC.

Abbreviations: CI = confidence interval, DOR = diagnostic odds ratio, EC = endometrial cancer, LR− = negative likelihood ratio, 
LR+ = positive likelihood ratio, QUADAS = the quality assessment of studies of diagnostic accuracy studies, Sen = sensitivity, Spe 
= specificity, SROC = summary receiver operating characteristic, SWE = shear wave elastography, TE = transient elastography.
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1. Introduction

Among women, endometrial cancer (EC) was the 6th leading 
cause of cancer-related deaths in 2020.[1] It is a malignancy 
that originates in the endometrial gland. With the increase in 
the average life expectancy of the population and the change 
in living habits, the incidence of EC has been on the rise in 
the past decade, seriously threatening the life and health of 
women.[2] EC has occupied the first place in the incidence 
of malignancies of female reproductive system in developed 
countries.

Early diagnosis and timely treatment of EC can signifi-
cantly improve patient prognosis, which has important clin-
ical significance. At present, the main diagnostic method 
for clinical EC is vaginal color Doppler ultrasound, which 
has high diagnostic accuracy but still has limitations.[3] 

Sonographic elastography is conceptually based on tissue 
elasticity.[4] Sonographic elastography is used for tissue char-
acterization via the application of compressions owing to 
elasticity degrees, quantitative measurement of elasticity, 
and stiffness of compressible tissues in different areas.[5,6] 
There are different types of elastography, including strain 
elastography, acoustic radiation force impulse elastography, 
shear-wave elastography (SWE), and transient elastography 
(TE).[7–10] In recent years, the development of SWE technol-
ogy has been very rapid, has been widely studied by clini-
cians, and has become a hot topic in clinical research. It has 
achieved good clinical experience and effectiveness in the 
diagnosis of benign and malignant diseases of the breast, 
thyroid, liver, kidney, and other organs.[11–14]

Studies have shown that the hardness of endometrial 
lesions is closely related to their biological characteristics, and 
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elastography technology can be used to directly analyze the 
hardness of the tissue, providing a new idea in the differential 
diagnosis of benign or malignant endometrial lesions. However, 
the sample sizes of these studies were small, and the results have 
been contradictory. Therefore, the present meta-analysis aimed 
to assess the diagnostic accuracy of shear wave elastography 
(SWE) for EC.

2. Methods

2.1. Literature search

We searched the PubMed, Cochrane Library, and chinese 
biomedical literature database from their inception to 
September 30, 2022. The following keywords and MeSH 
terms were used: [“Endometrial Neoplasm” or “Endometrial 
Carcinoma” or “Endometrial Cancer” or “Endometrium” 
or “endometrial lesion”] and [“elastography”]. We also 
performed a manual search to identify potentially suitable 
articles.

2.2. Selection criteria

The following 4 criteria were required for each study: the 
study design must be a clinical cohort study or diagnostic test; 
the study must relate to the accuracy of SWE for the differen-
tial diagnosis of benign and malignant endometrial lesions; all 
endometrial lesions must have been histologically confirmed 
after SWE; and published data in the 4-fold (2 × 2) tables 
must be sufficient. If the study did not meet all the inclusion 
criteria, it was excluded. When the authors published more 
than 1 study using the same subjects, only the most recent 
publication or publication with the largest sample size was 
included.

2.3. Data extraction

Relevant data were systematically extracted from all included 
studies by 2 researchers using a standardized form. The research-
ers collected the following data: first author’s surname, year of 
publication, language of publication, study design, sample size, 

Figure 1. Flow chart of literature search and study selection. Eight studies were included in this meta-analysis.

Table 1

Baseline characteristics and methodological quality of all included studies.

First author Yr Country Language Sample size Age (Yrs) Instrument 

2 × 2 table

QUADAS score TP FP FN TN 

Du YY[16] 2019 China Chinese 186 46.20 ± 8.78 AixPlorer 48 10 21 107 23
Zhou WL[17] 2020 China Chinese 175 47.79 ± 8.93 Hitachi Hi Vision900 87 7 4 77 22
Zhang LY[18] 2021 China Chinese 80 35.31 ± 3.35 GE LOGIQ E8 23 4 2 51 22
He DX[19] 2016 China Chinese 90 45.4 ± 4.2 PHILIPS HDI4000 59 1 1 29 23
Metin MR[20] 2015 Turkey English 46 57.07 ± 12.16 GE Logiq E9 13 9 1 23 24
Ma H[21] 2021 China English 123 55.67 ± 7.40 AixPlorer 32 8 2 81 25
Chen Z[22] 2014 China Chinese 63 38 ± 2.9 Hitachi Hi Vision900 31 2 4 26 24
Che DH[23] 2019 China English 217 46.6 ± 5.9 GE Voluson E8 85 17 19 96 23

FN = false negative, FP = false positive, QUADAS = the quality assessment of studies of diagnostic accuracy studies, TN = true negative, TP = true positive.
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number of lesions, source of the subjects, gold standard, and 
diagnostic accuracy. True positives, true negatives, false posi-
tives, and false negatives in the 4-fold (2 × 2) tables were also 
collected.

2.4. Quality assessment

Methodological quality was independently assessed by 
2 researchers using the Quality Assessment of Studies of 
Diagnostic Accuracy Studies (QUADAS) tool.[15] The QUADAS 
criteria include 14 assessment items. Each item was scored as 

“yes” (2), “no” (0), or “unclear” (1). The QUADAS score ranged 
from 0 to 28, and a score ≥ 22 indicated good quality.

2.5. Statistical analysis

STATA version 14.0 (Stata Corp, College Station, TX) and Meta-
Disc version 1.4 (Universidad Complutense, Madrid, Spain) 
software packages were used for the meta-analysis. We calcu-
lated the pooled summary statistics for sensitivity (Sen), spec-
ificity (Spe), positive and negative likelihood ratio (LR+/LR−), 
and diagnostic odds ratio (DOR) with their 95% confidence 

Table 2

Meta-analysis of the accuracy of SWE for the diagnosis of endometrial cancer.

Subgroup Studies (n) Sen (95%CI) Spe (95%CI) LR+ (95%CI) LR− (95%CI) DOR (95%CI) 

Overall 8 0.91[0.83–0.95] 0.90[0.86–0.93] 9.10[6.20–13.35] 0.10[0.05–0.20] 90.73[36.62–804.5]
Language       
  Chinese 5 0.89[0.84–0.92] 0.92[0.89–0.95] 10.62[7.19–15.69] 0.09[0.03–0.29] 130.94[34.38–498.74]
  English 3 0.86[0.79–0.91] 0.86[0.80–0.90] 5.60[3.09–10.17] 0.14[0.06–0.34] 46.08[13.84–153.46]
Sample size       
  Large 4 0.85[0.80–0.89] 0.90[0.86–0.92] 7.96[5.54–11.42] 0.14[0.06–0.32] 60.47[20.24–180.62]
  Small 4 0.94[0.89–0.97] 0.89[0.83–0.94] 9.75[2.82–33.74] 0.08[0.04–0.18] 138.55[37.15–516.73]
Instrument       
  AixPlorer 2 0.78[0.68–0.85] 0.91[0.87–0.95] 9.14[5.82–14.34] 0.17[0.03–1.02] 55.33[8.78–348.80]
  Hitachi Hi Vision900 2 0.94[0.88–0.97] 0.92[0.85–0.96] 11.67[6.23–21.87] 0.08[0.03–0.20] 178.75[63.76–501.14]
  GE 3 0.86[0.83–0.93] 0.86[0.80–0.90] 5.74[2.91–11.33] 0.11[0.03–0.36] 59.02[11.94–291.67]
  PHILIPS HDI4000 1 0.98[0.91–1.00] 0.97[0.83–1.00] 29.50[4.29–202.67] 0.02[0.01–0.12] 1711[103.3–1000]

95% CI = 95% confidence interval, DOR = diagnostic odds ratio, LR = likelihood ratio, Sen = sensitivity, Spe = specificity, SWE = shear wave elastography.

Figure 2. Forest plots for the sensitivity and specificity of SWE for the diagnosis of endometrial tumors. SWE = shear wave elastography.
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intervals (CIs). A summary receiver operating characteristic 
(SROC) curve and corresponding area under the curve were 
obtained. The threshold effect was assessed using Spearman’s 
correlation coefficients. Cochran’s Q-statistic and I test were 
used to evaluate potential heterogeneity between studies. If sig-
nificant heterogeneity was detected (Q test P < .05, or I test > 50 
%), a random effects model or fixed effects model was used. We 
also performed subgroup and meta-regression analyses to inves-
tigate potential sources of heterogeneity. A Sen analysis was per-
formed to evaluate the influence of single studies on the overall 
estimate. We constructed Begger’s funnel plots and Egger’s linear 
regression tests to assess publication bias.

2.6. Ethical statement

As a systematic review summarizing the results of previous stud-
ies, this study did not require informed consent from patients or 
the approval of the ethics review committee.

3. Results

3.1. Characteristics of included studies

Initially, 36 articles were identified as keywords. We reviewed 
the titles and abstracts of all articles and excluded 23 articles; 
full texts and data integrity were also reviewed, and 5 more 
were excluded. Finally, 8 studies that met all inclusion criteria 
were included in this meta-analysis.[16–23] Figure  1 illustrates 
the selection process. A total of 432 patients with EC and 
548 with benign endometrial lesions were assessed. The study 

characteristics and methodological qualities are summarized in 
Table 1. The QUADAS scores of all included studies were 22.

3.2. Quantitative data synthesis

Meta-analysis findings on the accuracy of SWE for the differ-
ential diagnosis between benign and malignant endometrial 
lesions are shown in Table  2. The random-effects model was 
used because of the obvious heterogeneity among the studies. 
The diagnostic accuracy of SWE was measured as the pooled 
Sen, Spe, LR+, LR−, and DOR. Our meta-analysis reveals that 
the pooled Sen was 0.91 (95% CI = 0.83–0.95); the pooled Spe 
was 0.90 (95% CI = 0.86–0.93) (Fig. 2). There was no signif-
icant correlation (R = 0.310, P = .456) between the Sen and 
Spe, indicating that there was no threshold effect. In addition, 
we observed that the pooled LR+ and LR− were 9.10 (95% 
CI = 6.20–13.35) and 0.10 (95% CI = 0.05–0.20) (Fig.  3), 
respectively. The pooled DOR of SWE for the diagnosis of endo-
metrial lesions was 90.73 (95% CI = 36.62–804.5) (Fig. 4). The 
results were plotted as a symmetrical SROC curve, and the cor-
responding area under the curve was 0.95 (95% CI = 0.93–0.97) 
(Fig. 5). Subgroup and meta-regression analyses were conducted 
based on language, instrument type, and sample size to investi-
gate the potential sources of heterogeneity. Subgroup analyses 
revealed that SWE exhibited high diagnostic performance in dif-
ferent subgroups (Table 2). Meta-regression analysis confirmed 
that no factor could explain the potential sources of heteroge-
neity (Table 3). We found no evidence of obvious asymmetry in 
Begger’s funnel plots (Fig. 6). Egger’s test also did not indicate 
strong statistical evidence of publication bias (t = 0.98, P = .37).

Figure 3. Forest plots for positive likelihood ratio and negative likelihood ratio of SWE for the diagnosis of endometrial tumors. SWE = shear wave elastography.
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4. Discussion
Uterine corpus cancer is the sixth most common type of cancer 
in the female population and the 15th most commonly cancer 
overall. Most uterine cancers are referred to as EC, which orig-
inates from the epithelial lining of the uterine cavity.[24] Early 
diagnosis and treatment can effectively improve patient progno-
sis, which has important clinical significance. Transvaginal color 
Doppler ultrasonography is a simple operation with intuitive, 
noninvasive, and other advantages, and has become a common 
method for the clinical diagnosis of EC. Previous studies have 
usually used transvaginal ultrasound to measure endometrial 
thickness to screen for EC in patients with abnormal uterine 
bleeding.[25,26] Despite the high Sen involved in diagnosing EC, 
transvaginal ultrasound also has a well-defined false negative 
rate. Measurement of endometrial thickness alone does not 
detect all ECs.

With the development of ultrasound technology, improving 
the accuracy of the early diagnosis of EC has become a research 
hotspot. Studies have shown that the hardness of endometrial 
lesions is closely related to their biological characteristics, and 
elastography can directly analyze the hardness of tissues, which 
provides a new idea for the differential diagnosis of benign and 
malignant endometrial lesions. SWE is a new elastography tech-
nique that can directly reflect the hardness of a tissue by calcu-
lating the absolute value of Young’s modulus to quantitatively 
analyze hardness.[27,28] In clinical practice, such as assessment of 
fibrosis in chronic liver diseases, thyroid and breast nodule detec-
tion, differentiation of pancreatic cystic tumors, classification of 

Figure 4. Forest plot of DOR of SWE for the diagnosis of endometrial tumors. DOR = diagnostic odds ratio. SWE = shear wave elastography.

Figure 5. SROC curve for the accuracy of SWE in the diagnosis of endome-
trial tumors. AUC = area under the curve, SROC = summary receiver operator 
characteristic, SWE = shear wave elastography.
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benign and malignant lymph nodes, and assessment of muscle 
stiffness, SWE has shown great potential.[29,30]

Recent studies have revealed that SWE is more accurate than 
conventional transvaginal ultrasound in detecting and describ-
ing endometrial lesions.[21–23] However, each diagnostic imag-
ing examination has its advantages and disadvantages, and no 
imaging examination is sufficient to accurately diagnose the dis-
ease. Therefore, SWE should not replace conventional transvag-
inal ultrasound but should complement it. Although shear-wave 
elastography is considered a potentially useful imaging tool, it 
has not been widely used in clinical practice, and there have 
been few reports discussing its use in the assessment of endome-
trial lesions. This controversy may be caused by several factors, 
including differences in the study design, sample size, number of 
lesions, diagnostic criteria, and statistical methods. This study 
aimed to provide a comprehensive and reliable conclusion 
regarding the accuracy of transvaginal shear-wave elastography 
in the diagnosis of EC.

In the present meta-analysis, we systematically evaluated the 
technical performance and accuracy of SWE for the diagnosis 
of EC. Eight independent studies were included, and a total of 
432 patients with EC and 548 patients with benign endometrial 
lesions were assessed. The pooled Sen, Spe, and DOR of SWE 
for the diagnosis of EC were 0.91, 0.90, and 90.73, respectively. 
These results were consistent with the potentially high diag-
nostic accuracy of SWE for EC, suggesting that SWE may be 

a good tool for the differential diagnosis of benign and malig-
nant endometrial tumors and could predict the prognosis of 
patients with EC. The threshold effect is usually interpreted as 
a sudden and radical change in a phenomenon that often occurs 
after surpassing the quantitative limit. Our findings showed no 
significant relationship between Sen and Spe within these stud-
ies, providing no evidence of a threshold effect. As heteroge-
neity existed in the individual studies, subgroup analyses were 
conducted. Similar results were observed in subgroup analy-
ses. SWE exhibited a high diagnostic performance in different 
subgroups for the diagnosis of EC, suggesting that differences 
in language, sample size, and instrument type did not directly 
influence the diagnostic accuracy of SWE. Furthermore, our 
results show no direct evidence of publication bias. Collectively, 
our findings strongly suggest that SWE is a highly accurate and 
noninvasive tool for the qualitative diagnosis of EC, consistent 
with previous studies. Despite the demonstrated diagnostic 
accuracy of transvaginal shear-wave elastography in the diag-
nosis of EC, our study had certain limitations. First, owing to 
the relatively small sample sizes and low quality of the included 
studies, there was insufficient data to assess the accuracy of 
transvaginal shear-wave elastography. Moreover, the retrospec-
tive nature of a meta-analysis can lead to subject selection bias; 
importantly, the majority of the included studies originated 
from China, which may adversely affect the reliability and 
validity of our results.

Table 3

Meta-regression analyses of potential source of heterogeneity.

Heterogeneity factors Coefficient SE P value RDOR 

95% CI

UL LL 

Publication yr 0.207 0.2242 0.4525 1.23 0.47 3.23
Language 1.289 0.6513 0.1865 3.63 0.22 59.80
Instrument −0.035 0.3466 0.9291 0.97 0.22 4.29
Sample size −0.360 0.8350 0.7080 0.70 0.02 25.34

95% CI = 95 % confidence interval, LL = lower limit, RDOR = relative diagnostic odds ratio, SE = standard error, UL = upper limit.

Figure 6. Begger’s funnel plot of publication bias on the pooled QR. No publication bias was detected in this meta-analysis. QR = qdds ratio.
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In conclusion, our meta-analysis suggests that SWE may have 
high diagnostic accuracy for the differential diagnosis of benign 
and malignant endometrial diseases. Thus, SWE may be a useful 
tool for the diagnosis of EC. However, owing to these limitations, 
further detailed studies are required to confirm the present findings.
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