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CONTRIBUTION

What are the novel findings of this work?

This is the first study to test the International Endometrial
Tumor Analysis (IETA)-1 prediction model for intra-
cavitary uterine pathology in women without abnormal
uterine bleeding. Our study shows that the model dis-
criminates between benign and malignant intracavitary
conditions in asymptomatic women more accurately than
does endometrial thickness alone, but it overestimates the
risk of endometrial cancer.

What are the clinical implications of this work?

The IETA-1 risk prediction model can facilitate patient
counseling about endometrial status in asymptomatic
women, taking into consideration the potential for
overestimation of the risk of malignancy.

ABSTRACT

Objectives To assess the ability of the International
Endometrial Tumor Analysis (IETA)-1 polynomial
regression model to estimate the risk of endometrial

cancer (EC) and other intracavitary uterine pathology
in women without abnormal uterine bleeding.

Methods This was a retrospective study, in which we
validated the IETA-1 model on the IETA-3 study cobort
(n=1745). The IETA-3 study is a prospective obser-
vational multicenter study. It includes women without
vaginal bleeding who underwent a standardized transvagi-
nal ultrasound examination in one of seven ultrasound
centers between January 2011 and December 2018.
The ultrasonography was performed either as part of
a routine gynecological examination, during follow-up of
non-endometrial pathology, in the work-up before fertility
treatment or before treatment for uterine prolapse or ovar-
ian pathology. Ultrasonographic findings were described
using IETA terminology and were compared with histol-
0gy, or with results of clinical and ultrasound follow-up of
at least 1 year if endometrial sampling was not performed.
The IETA-1 model, which was created using data from
patients with abnormal uterine bleeding, predicts four bis-
tological outcomes: (1) EC or endometrial intraepithelial
neoplasia (EIN); (2) endometrial polyp or intracavi-
tary myoma; (3) proliferative or secretory endometrium,
endometritis, or endometrial hyperplasia without atypia;
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IETA-1 model validation in asymptomatic women

and (4) endometrial atrophy. The predictors in the model
are age, body mass index and seven ultrasound vari-
ables (visibility of the endometrium, endometrial thick-
ness, color score, cysts in the endometrium, non-uniform
echogenicity of the endometrium, presence of a bright
edge, presence of a single dominant vessel). We ana-
lyzed the discriminative ability of the model (area under
the receiver-operating-characteristics curve (AUC); poly-
tomous discrimination index (PDI)) and evaluated cali-
bration of its risk estimates (observed/expected ratio).

Results The median age of the women in the IETA-3
cobort was 51 (range, 20-85) years and 51% (887/1745)
of the women were postmenopausal. Histology showed
EC or EIN in 29 (2%) women, endometrial polyps
or intracavitary myomas in 1094 (63%), proliferative
or secretory endometrium, endometritis, or hyperplasia
without atypia in 144 (8%) and endometrial atrophy
in 265 (15%) women. The endometrial sample had
insufficient material in five (0.3%) cases. In 208 (12%)
women who did not undergo endometrial sampling but
were followed up for at least 1year without clinical
or ultrasound signs of endometrial malignancy, the
outcome was classified as benign. The IETA-1 model
had an AUC of 0.81 (95% CI, 0.73-0.89, n=1745)
for discrimination between malignant (EC or EIN) and
benign endometrium, and the observed/expected ratio for
EC or EIN was 0.51 (95% CI, 0.32-0.82). The model
was able to categorize the four histological outcomes with
considerable accuracy: the PDI of the model was 0.68
(95% CI, 0.62-0.73) (n=1532). The IETA-1 model
discriminated very well between endometrial atrophy and
all other intracavitary uterine conditions, with an AUC
of 0.96 (95% CI, 0.95-0.98). Including only patients in
whom the endometrium was measurable (n=1689), the
model’s AUC was 0.83 (95% CI, 0.75-0.91), compared
with 0.62 (95% CI, 0.52-0.73) when using endometrial
thickness alone to predict malignancy (difference in
AUC, 0.21; 95% CI, 0.08-0.32). In postmenopausal
women with measurable endometrial thickness (n= 848),
the IETA-1 model gave an AUC of 0.81 (95% CI,
0.71-0.91), while endometrial thickness alone gave an
AUC of 0.70 (95% CI, 0.60-0.81) (difference in AUC,
0.11; 95% CI, 0.01-0.20).

Conclusion The IETA-1 model discriminates well
between benign and malignant conditions in the uter-
ine cavity in patients without abnormal bleeding, but
it overestimates the risk of malignancy. It also dis-
criminates well between the four histological outcome
categories. © 2023 International Society of Ultrasound in
Obstetrics and Gynecology.

INTRODUCTION

With ultrasonography being on the rise as an accessible,
first-line pelvic assessment tool, increasingly, uterine
abnormalities are picked up in women without abnormal
vaginal bleeding or other gynecological symptoms!~3.

© 2023 International Society of Ultrasound in Obstetrics and Gynecology.
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There is no consensus on the appropriate work-up for
abnormal ultrasound appearance of the endometrium
detected incidentally in women without abnormal uterine
bleeding, herein referred to as ‘asymptomatic’ women.
In women with abnormal uterine bleeding, a thickened
endometrium indicates endometrial pathology*. Seeking
additional information on the grayscale ultrasound mor-
phology and vascularization of the endometrium using
color or power Doppler ultrasound has been advocated
by an international group of experts in the field of
gynecological ultrasound’®, because it improves discrim-
ination between benign and malignant endometrium and
is helpful for distinguishing different histopathological
diagnoses in the uterine cavity>*®. The International
Endometrial Tumor Analysis (IETA) study number 1
(IETA-1), which included women with abnormal vaginal
bleeding, described the typical sonographic features of
different histological endpoints using the standardized
IETA terminology. Moreover, it showed which ultra-
sound features can rule out endometrial cancer (EC)
safely*. The IETA group also constructed a multinomial
regression model (IETA-1 model) including clinical fac-
tors and ultrasound variables to estimate the likelihood of
four outcome categories in women with abnormal uterine
bleeding: (1) EC or endometrial intraepithelial neoplasia
(EIN); (2) endometrial polyp or intracavitary myoma;
(3) proliferative or secretory endometrium, endometritis,
or endometrial hyperplasia without atypia; and (4)
endometrial atrophy’. Such a model could be helpful in
clinical practice to help tailor further management and
guide the decision between no endometrial sampling,
follow-up ultrasound, blind endometrial sampling or
hysteroscopic resection of intracavitary lesions.

The aim of this study was to assess the performance of
the IETA-1 model when applied in asymptomatic pre- and
postmenopausal patients. The primary aim was to assess
the model’s ability to distinguish malignant from benign
intracavitary conditions and the calibration of its malig-
nancy predictions. The secondary aim was to assess how
adequately the model distinguishes between the four out-
come categories and the calibration of these predictions.

METHODS

This was a retrospective study, in which we validated the
IETA-1 model on the IETA-3 study cohort (7= 1745). The
IETA-3 study was a prospective observational multicenter
study conducted by the IETA consortium. The intention
was to recruit consecutively premenopausal women aged
18 years or more and postmenopausal women, without
abnormal uterine bleeding. Seven secondary or tertiary
centers specialized in gynecological ultrasonography
in three countries (Belgium, Italy and Spain) recruited
patients to the study between 1 January 2011 and 31
December 2018. The study was approved by the Leuven
ethics committee EC Research (S52897 / ML7087) and
by the ethics committees of all participating centers.

All patients gave oral informed consent to participate.
Women were recruited either at routine gynecological

Ultrasound Obstet Gynecol 2024; 63: 556-563.
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examination, during follow-up of non-endometrial
pathology, in the work-up before fertility treatment or
before treatment for uterine prolapse or ovarian pathol-
ogy. The women underwent a standardized transvaginal
ultrasound examination, with findings described using
IETA terminology®, and the results were recorded in
a dedicated web-based datasheet (Clinical Data Miner
(CDM), ESAT-STADIUS, KU Leuven, Belgium), which
generated warnings in case of incomplete input®. Patients
underwent endometrial sampling or were followed up
for at least 1year. In the latter group, if there were no
clinical or ultrasound signs of endometrial malignancy
at lyear of follow-up or later (range, 12—60 months),
the outcome was classified as benign. Histology was
evaluated using endometrial samples obtained via an
outpatient endometrial sampling device, dilatation and
curettage, hysteroscopic resection, or hysterectomy
within 120 days following the inclusion scan. Tumor his-
tology was determined locally without central pathology
review. The study protocol did not include restrictions
for clinician-pathologist interaction. The clinical and
sonographic information provided to the pathologist was
at the discretion of the recruiting physician.

The IETA-1 model included two clinical predictors:
age (in years) and body mass index (BMI) (in kg/m?); and
seven ultrasound predictors: visibility of the endometrium
(yes or no); endometrial thickness (in mm); presence of
a bright edge (yes or no); IETA color score; presence
of a single dominant vessel (yes or no); non-uniform
endometrial echogenicity (yes or no); and presence of
endometrial cysts (yes or no). If the endometrium was not
visible, the value of all other sonographic predictors was
set to zero (binary variables received a value of zero; other
variables (e.g. color score) received a value so that the
scaled value became zero)”. The predictors were selected
based on expert opinion. Model coefficients and required
transformations for all nine parameters are provided
in TableS1, and the predicted risk for each outcome
category was obtained based on the coefficients presented
in Table S1. To obtain the linear predictor (lp), predictor
values were multiplied by their coefficients and added to
the intercept. To obtain the estimated risk from the Ip, the
following equation was applied: exp(lpcategory of interest)/

[exp(lpendometrial cancer or endometrial intraepithelial neoplasia) +
eXp(lpendometrial polyp or intracavitary myoma) + eXp(lpproliferative/

secretory changes,endometritis,or hyperplasia without atypia) +exp
(Ipendometrial atrophy)]- Appendix S1 shows how to perform

a risk calculation, using information from patients in the
IETA-3 database.

Statistical analysis

Only patients without missing information on model pre-
dictors or outcome were included (complete-cases anal-
ysis). No formal sample-size calculation was performed.
However, like in the IETA-1 study, and in order to test the
IETA-1 model, we aimed to recruit about 2000 women.
For assessment of the primary aim (malignancy wvs
no malignancy), we used the data of patients with

© 2023 International Society of Ultrasound in Obstetrics and Gynecology.
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histological confirmation and of those without histolog-
ical confirmation who had been followed up for > 1 year.
The model outcome was divided into two categories:
confirmed EC and/or EIN; and no evidence of EC or EIN.
To test the model’s ability to predict correctly endometrial
malignancy, we included all women (7 =1745). To com-
pare the model’s ability to discriminate between benign
and malignant endometrium with that of endometrial
thickness alone, we included only women with visible
and measurable endometrium (7=1689). To assess the
model’s ability to predict correctly the four histological
outcomes, we included only women with a histologically
confirmed diagnosis (7=1532).

To evaluate the model’s ability to discriminate between
benign and malignant endometrium, we calculated
the sensitivity, specificity, positive (LR+) and negative
(LR-) likelihood ratios, accuracy and area under the
receiver-operating-characteristics curve (AUC). In a sub-
group analysis, we computed the AUC of the model and of
endometrial thickness alone for postmenopausal women.

To describe the model’s ability to discriminate between
the four outcome categories, we calculated pairwise
AUC:s (conditional risk method) and the polytomous dis-
crimination index (PDI). As four outcome categories were
assessed, random discrimination would result in a PDI of
0.25, while perfect discrimination would give a PDI of 1.
The accuracy of predicted probabilities is presented as
observed/expected ratios, which ideally should be 1°. In
a post-hoc analysis, we also calculated the AUC to distin-
guish between atrophy and all other categories. For AUC,
PDI and observed /expected ratio we present 95% Cls.

Statistical analysis was performed using R statistical
package version 4.0.3 (R Foundation for Statistical
Computing, Vienna, Austria). We adhered to the
Transparent Reporting of a multivariable prediction
model for Individual Prognosis Or Diagnosis (TRIPOD)
guidelines'® (Appendix S2).

RESULTS

The median age of the 1745 women in the IETA-3 cohort
was 51 (range, 20-85)years and 51% (887/1745) of
the women were postmenopausal. Definitive histological
confirmation was obtained from endometrial sampling
using an outpatient endometrial sampling device in 100
women, dilatation and curettage in 23, hysteroscopic
resection in 1052 and hysterectomy in 362. In 11.9%
(208/1745) of women, histology was not obtained and
in five (0.3%) the sample had insufficient material; these
were considered benign for analyses investigating benign
vs malignant but could not be included in analyses of his-
tological outcome. Histology showed EC or EIN in 1.7%
(29/1745) of the women, and 86.2% (25/29) of these
were postmenopausal. A detailed description of patient
selection, demographic background data and ultrasound
findings in the IETA-3 study cohort can be found
elsewhere?. No endometrial malignancy was diagnosed
in the group of 208 that were followed up clinically and
sonographically for at least 1 year (range, 12—60 months).

Ultrasound Obstet Gynecol 2024; 63: 556-563.
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Figure 1 shows which patients were included in the
different statistical analyses.

Tables S2 and S3 show the distribution of the model
predictors in the IETA-3 validation cohort and the
IETA-1 model development cohort. Women in the
validation cohort tended to be older and to have a lower
BMI than those in the development cohort. Endometrial
thickness was lower in the validation cohort than in the
development cohort, and the endometria in the validation
cohort were less vascularized and more frequently had
a single dominant vessel, non-uniform echogenicity and
endometrial cysts than had those in the development
cohort. EC or EIN constituted 1.7% (29/1745) of the
validation data, compared with 6.4% (155/2417) of the
development data. Endometrial polyps or intracavitary
myomas accounted for 62.7% (1094/1745) of the IETA-3
validation cohort, compared with 40.2% (972/2417) of
the IETA-1 development cohort. Proliferative or secretory
endometrial changes, endometritis, or endometrial
hyperplasia without atypia represented 8.3% (144/1745)
of the IETA-3 validation cohort, compared with 32.3%

559

(780/2417) of the IETA-1 development cohort. Endome-
trial atrophy was recorded in 15.2% (265/1745) of the
IETA-3 validation data, compared with 9.3% (224/2417)
of the IETA-1 development data.

The TETA-1 model’s AUC for discrimination between
benign and malignant outcomes (7=1745, including
patients with or without histological confirmation) was
0.81 (95% CIL, 0.73-0.89). Including only patients in
whom the endometrium was visible and measurable
(n=1689), the model’s AUC was 0.83 (95% (I,
0.75-0.91) compared with 0.62 (95% CI, 0.52-0.73)
when using endometrial thickness alone to predict malig-
nancy (difference in AUC, 0.21; 95% CI, 0.08-0.32)
(Figure 2). The model overestimated the risk of malig-
nancy, the observed/expected ratio for EC or EIN in our
entire cohort (7 =1745) being 0.51 (95% CI, 0.32-0.82).
The observed/expected ratio for polyps or myomas was
1.08 (95% CI, 1.05-1.11), for proliferative or secretory
endometrium, endometritis, or hyperplasia without atypia
was 0.42 (95% CI, 0.34-0.51) and for atrophy was 0.81
(95% CI, 0.74-0.89). The model discriminated better

Women without
abnormal vaginal

bleeding:
IETA-3 study sample
(n=1745)
Endometrium not
measurable
(n=56)
v v
Performance of Benign Performance of
IETA-1 model  f------- vs lqee———m—oo endometrial thickness
(n=1745) malignant (n=1689)
No histology* No histology*
(n=208) | " (n=202)
Histologically Benign Histologically
confirmed vs confirmed
(n=1537) malignant (n=1487)

Insufficient

tissue
(n=35)

Discrimination between four
outcome categories
(n=1532)

Figure 1 Flowchart summarizing patient selection. *No histological confirmation but with no clinical or sonographic signs of malignancy
over > 1 year of follow-up (range, 12—-60 months). No malignancy was diagnosed during follow-up. IETA, International Endometrial

Tumor Analysis.

© 2023 International Society of Ultrasound in Obstetrics and Gynecology.
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Figure 2 Receiver-operating-characteristics (ROC) curves showing
ability to discriminate between benign endometrium and malignant
endometrium (endometrial cancer or endometrial intraepithelial
neoplasia) of the International Endometrial Tumor Analysis
(IETA)-1 model (—) (area under the ROC curve (AUC), 0.83;
95% CI, 0.75-0.91) and sonographic endometrial thickness alone
(----) (AUC, 0.62; 95% CI, 0.52-0.73). Smoothed ROC curves for
the mathematical model (——) and endometrial thickness alone
(——) were obtained via scatterplot smoothing. Numbers represent
thresholds (at or above) for each method (in % risk of malignancy
for mathematical model; in mm for endometrial thickness). Results
are based on women with visible and measurable endometrium
(n=1689).

Heremans et al.

between malignancy (EC or EIN) and endometrial atro-
phy (AUC, 0.96; 95% CI, 0.94-0.98) than it did between
malignancy and proliferative or secretory endometrium,
endometritis, or hyperplasia without atypia (AUC, 0.88;
95% CI, 0.83-0.94) and than it did between malignancy
and endometrial polyps or intracavitary myomas (AUC,
0.80; 95% CI, 0.72-0.89) (Figure 3). The model was able
to categorize the four histological outcomes with consid-
erable accuracy: the PDI was 0.68 (95% CI, 0.62-0.73).
Endometrial atrophy was the benign outcome that was
most easily distinguishable by the model from the other
benign histological outcomes, with an AUC of 0.97
(95% CI, 0.96-0.98) when compared with intracavitary
polyps or myomas, and an AUC of 0.93 (95% CI,
0.90-0.96) when compared with proliferative or secre-
tory endometrium, endometritis, or hyperplasia without
atypia. The AUC of the IETA-1 model to discriminate
between endometrial atrophy and all other intracavitary
uterine conditions was 0.96 (95% CI, 0.95-0.98). The
model had difficulties distinguishing endometrial polyps
or intracavitary myomas from proliferative or secretory
endometrium, endometritis, or hyperplasia without
atypia (AUC, 0.78; 95% CI, 0.74-0.82).

In postmenopausal women (nz = 887, including patients
with or without histological confirmation), the IETA-1
model had an AUC of 0.77 (95% CI, 0.67-0.88) for
discrimination between benign and malignant outcomes.
In postmenopausal women with measurable endometrial
thickness (7 = 848, including patients with or without his-
tological confirmation), the IETA-1 model gave an AUC

Endometrial
atrophy

(n=265)

A |3

y AUC \
/ 0.96 N
/ (0.94-0.98) \\\
AUC | AUC
0.97 A 0.93
(0.96-0.98) ndometria (0.90-0.96)
K cancer s
//' Endometrial N
J/ intraepith'elial X
/ neoplasia N
Y (n=29) R
> _-"AUC AUC —
Endometrial & 0.80 0.88  “~ga Proliferative/secretory
polyp (0.72-0.89) (0.83-0.94) changes
. AUC Endometritis
Intracavitary €mmm e 0.78  mmmmmmmmmmo- » o
myoma (0.74-0.82) Hyperplasia without
atypia
(n=1094) (n=144)

Figure 3 Diagram illustrating International Endometrial Tumor Analysis (IETA)-1 model’s ability to distinguish between four histological
outcome categories, illustrated by pairwise areas under the receiver-operating-characteristics curves (AUC) with 95% ClIs.

© 2023 International Society of Ultrasound in Obstetrics and Gynecology.

Ultrasound Obstet Gynecol 2024; 63: 556-563.

85UB0|7 SUOWILLIOD BAIeaID 3|qed!(dde ayp Aq peusenob a1e sajofe YO ‘8sn Jo s8N 10} Areiq18UIIUO AB]IM UO (SUOTIPUOD-PUR-SWLBI WD A3 | 1M Afeiq | [BulJUO//Sd)Y) SUORIPUOD Pue SWHB L 8U) 885 *[7202/70/2T] uo Areiqiauliuo A8|im ‘Woriseen JO AiseAIN Ag 08522 BoN/Z00T OT/10p/woo" A 1M Arelq jeuuo uABqoy/SdnY WOy papeo|umoq ‘v ‘¥20e ‘S0L069%T



IETA-1 model validation in asymptomatic women

of 0.81 (95% CI, 0.71-0.91) while endometrial thickness
alone gave an AUC of 0.70 (95%CI, 0.60-0.81)
(difference in AUC, 0.11; 95% CI, 0.01-0.20).

The sensitivity, specificity, accuracy, LR+ and LR-
of the IETA-1 model in distinguishing EC or EIN from
benign outcomes at different risk thresholds and at
different endometrial thickness thresholds are shown in
Tables 1 and 2 (all cases) and in TablesS4 and S5 (only
histologically confirmed cases). The results were similar,
irrespective of whether all women or only those with a
histological outcome were included. For the entire cohort
of 1745 women, at a > 1% risk of malignancy, the model
showed a sensitivity of 100% and specificity of 34.7%.
At a >20% risk of malignancy, the model’s sensitivity
was 31.0% and specificity was 98.2% (Table1). An
endometrial thickness > 3 mm predicted malignancy with
a sensitivity of 100% and specificity of 11.4%, and
an endometrial thickness > 11 mm had a sensitivity of
55.6% and specificity of 67.1% (Table2).

DISCUSSION

This is the first study to evaluate the performance of the
IETA-1 prediction model in women without abnormal
vaginal bleeding. The model discriminated better between
EC or EIN and benign histology than did endometrial
thickness alone in asymptomatic women, and it was very
successful in discriminating between endometrial atrophy
and all other intracavitary uterine conditions. It was
well-calibrated for endometrial polyps or intracavitary
myomas, slightly overestimated endometrial atrophy and
substantially overestimated the risk of malignancy as well
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as the likelihood of proliferative or secretory endometrial
changes, endometritis, or hyperplasia without atypia.
The IETA-3 study is the largest study to date relating
ultrasound characteristics to different endometrial
pathologies in women without abnormal bleeding using
standardized terminology. Our intention was to include
patients recruited consecutively. Therefore, centers that
contributed fewer than 50 women to the study were
excluded. However, the distribution of histological
diagnoses, for example the high prevalence of polyps and
intracavitary myomas, suggests that our study sample
may still be a convenience series affected by selection bias.
Therefore, our results might not be completely general-
izable to all asymptomatic women. It is also a limitation
that not all patients had a diagnosis based on histology.
To minimize selection bias caused by exclusion of patients
without histology, we classified the outcome as benign in
208 patients (12% of our sample size) without histology
but with no clinical or sonographic signs of malignancy at
follow-up at 1year of age or later (differential verification
bias). Another limitation is the use of blind endometrial
sampling in a small proportion of cases (100/1745 (6%)),
which may have resulted in some focal pathology, such
as polyps, being missed®. However, we believe that this
would not significantly bias the results related to the
primary aim of the study, which was to separate benign
from malignant intracavitary pathology. Another limita-
tion is the small number of EC and EIN cases, resulting in
wide confidence intervals around the AUC to distinguish
EC and EIN from benign conditions and around the
observed/expected ratio for EC and EIN. Because of the
clinical importance of an incidental finding of EC or EIN,

Table 1 Diagnostic accuracy of International Endometrial Tumor Analysis (IETA)-1 mathematical model to discriminate between
endometrial cancer or endometrial intraepithelial neoplasia and benign endometrium* in 1745 women without abnormal vaginal bleeding

Risk Sensitivity Specificity Accuracy LR+ LR- At or above risk threshold
>1% 29/29 (100) 596/1716 (34.7) 625/1745 (35.8) 1.53 <0.001 1149/1745 (65.8)
>2% 22/29 (75.9) 1098/1716 (64.0) 1120/1745 (64.2) 2.11 0.38 640/1745 (36.7)
>3% 21/29 (72.4) 1307/1716 (76.2) 1328/1745 (76.1) 3.04 0.36 430/1745 (24.6)
>4% 17/29 (58.6) 1405/1716 (81.9) 1422/1745 (81.5) 3.24 0.51 328/1745 (18.8)
>5% 17/29 (58.6) 1479/1716 (86.2) 1496/1745 (85.7) 4.24 0.48 254/1745 (14.6)
>10% 13/29 (44.8) 1620/1716 (94.4) 1633/1745 (93.6) 8.01 0.58 109/1745 (6.2)
>20% 9/29 (31.0) 1685/1716 (98.2) 1694/1745 (97.1) 17.18 0.70 40/1745 (2.3)

Data are presented as 7/N (%), unless stated otherwise. *Irrespective of whether outcome was based on histological diagnosis or on
follow-up. LR+, positive likelihood ratio; LR—, negative likelihood ratio.

Table 2 Diagnostic accuracy of endometrial thickness, when measurable (7 =1689), to discriminate between endometrial cancer or
endometrial intraepithelial neoplasia and benign endometrium* in women without abnormal vaginal bleeding

At or above endometrial

Endometrial thickness Sensitivity Specificity Accuracy LR+ LR- thickness threshold
>3 mm 27/27 (100) 189/1662 (11.4) 216/1689 (12.8) 1.13 <0.001 1499/1689 (88.8)
>4 mm 26/27 (96.3) 252/1662 (15.2) 278/1689 (16.5) 1.14 0.24 1435/1689 (85.0)
>5mm 26/27 (96.3) 318/1662 (19.1) 344/1689 (20.4) 1.19 0.19 1369/1689 (81.1)
>8mm 19/27 (70.4) 697/1662 (41.9) 716/1689 (42.4) 1.21 0.70 983/1689 (58.2)
>11mm 15/27 (55.6) 1116/1662 (67.1) 1131/1689 (67.0) 1.69 0.66 560/1689 (33.2)

Data are presented as #/N (%), unless stated otherwise. *Irrespective of whether outcome was based on histological diagnosis or on
follow-up. LR+, positive likelihood ratio; LR -, negative likelihood ratio.

© 2023 International Society of Ultrasound in Obstetrics and Gynecology.
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we find it relevant to report these results despite the AUC
and observed/expected estimates being imprecise.

The TETA-1 model provided better discrimination
between benign and malignant conditions in symptomatic
women (IETA-1 population), for whom it was initially
constructed, than it did in the IETA-3 cohort of
asymptomatic women, with an AUC of 0.88 (95% ClI,
0.85-0.91)” compared with 0.81 (95% CI, 0.73-0.89).
Surprisingly, however, the IETA-1 model performed
slightly better in the asymptomatic IETA-3 cohort than it
did in the symptomatic IETA-1 cohort for discrimination
between the benign outcome categories: pairwise AUCs
for atrophy vs polyps or myomas were 0.97 (95% CI,
0.96-0.98) and 0.88 (95% CI, 0.87-0.90), respec-
tively, those for atrophy ws proliferative or secretory
endometrium, endometritis, or endometrial hyperplasia
without atypia were 0.93 (95% CI, 0.90-0.96) and 0.87
(95% CI, 0.85-0.89), respectively, and those for polyps
or myomas vs proliferative or secretory endometrium,
endometritis, or endometrial hyperplasia without atypia
were 0.78 (95% CI, 0.74-0.82) and 0.76 (95% CI,
0.74-0.79), respectively. Hence, the PDI in the present
study was marginally better than that in the IETA-1 study:
0.68 (95% CI, 0.62-0.73) vs 0.67 (95% CI, 0.63-0.75).
These results suggest that, when the decision has been
made to investigate a patient’s endometrium further,
with ultrasound, it is worth considering using the IETA-1
model in asymptomatic as well as in symptomatic women.
However, using the model exposes asymptomatic women
to the risk of overtesting and overtreatment, albeit to a
lesser extent than if using endometrial thickness alone.

For the past decade, endometrial thickness has been
the prime focus of risk assessment of EC in asymp-
tomatic, postmenopausal women. Based on theoretical
reasoning, Smith-Bindman etal.'' proposed a lower
threshold for endometrial thickness of 11 mm to initiate
investigations to exclude malignancy in asymptomatic
postmenopausal women. Several studies support the
11-mm threshold!?~14. Others have suggested endome-
trial thresholds ranging from 3 mm to 15 mm to initiate
further testing!3=20, while still others advocate against the
use of endometrial thickness alone as a decision-making
tool?1-23,

Both the current study and the IETA-1 model devel-
opment study’ illustrate that the risk of endometrial
malignancy is related not only to endometrial thickness,
but also to other sonographic features. The IETA-1 model
could potentially be of help when deciding whether
and how to proceed with further testing in case of
an incidental finding of ‘thickened’ endometrium in a
postmenopausal woman, or in case of an ambiguous
endometrial ultrasound image in an asymptomatic
premenopausal woman (in whom endometrial thickness
alone is seldom the single determining factor for further
work-up). However, it is important to emphasize that,
at present, there is no evidence of any survival advantage
of diagnosing asymptomatic EC**?* and that, therefore,
screening for EC is not recommended?®.

© 2023 International Society of Ultrasound in Obstetrics and Gynecology.

Heremans et al.

We conclude that the multivariable IETA-1 model
discriminates well between intracavitary pathologies in
women without abnormal vaginal bleeding and that it
outperforms endometrial thickness alone for discrim-
ination between endometrial malignancy and benign
intracavitary conditions. The model can help clinicians
with patient counseling if they detect incidentally that
the endometrium appears abnormal on ultrasound in
an asymptomatic woman. However, clinicians need to
keep in mind that the model overestimates the risk of
malignancy in asymptomatic women.
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women with histological outcome

Table S3 Comparison of model predictors between validation data (International Endometrial Tumor Analysis
(IETA)-33 patient cohort) and development data (IETA-1*7 patient cohort) for women without histological

confirmation

Table S4 Diagnostic accuracy of International Endometrial Tumor Analysis (IETA)-1 mathematical model to
discriminate between endometrial cancer or endometrial intraepithelial neoplasia and benign endometrium in
women without abnormal vaginal bleeding (histologically confirmed cases only, n=1537)

Table S5 Diagnostic accuracy of endometrial thickness, when measurable, to discriminate between
endometrial cancer or endometrial intraepithelial neoplasia and benign endometrium in women without
abnormal vaginal bleeding (histologically confirmed cases only, n=1487)

Appendix S1 Examples illustrating use of International Endometrial Tumor Analysis (IETA)-1 model and

required transformations

Appendix S2 Transparent Reporting of a multivariable prediction model for Individual Prognosis Or
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Estimacion del riesgo de cancer de endometrio y otras patologias uterinas intracavitarias en
mujeres sin hemorragia uterina anomala mediante el modelo de regresion multinomial IETA-1:
estudio de validacion

RESUMEN

Objetivos. Evaluar la capacidad del modelo de regresion polinomica del Analisis Internacional de Tumores Endometriales
(IETA)-1 para estimar el riesgo de cancer de endometrio (CE) y otras patologias uterinas intracavitarias en mujeres sin hemorragia
uterina anomala.

Métodos. Se trata de un estudio retrospectivo en el que validamos el modelo IETA-1 en la cohorte de estudio IETA-3 (n=1745).
El estudio IETA-3 es un estudio multicéntrico observacional prospectivo. Incluye a mujeres sin sangrado vaginal que se sometieron
a una ecografia transvaginal estandarizada en uno un centro de ecografia de un total de siete entre enero de 2011 y diciembre
de 2018. La ecografia se realizo como parte de un examen ginecologico rutinario, durante el seguimiento de una patologia
no endometrial, como parte de una exploracion antes de someterse a un tratamiento de fertilidad, o antes de un tratamiento
de prolapso uterino o patologia ovarica. Los hallazgos ecograficos se describieron utilizando la terminologia de la IETA y se
compararon con la histologia, o con los resultados de un seguimiento clinico y ecografico de al menos 1 afio si no se habia
realizado un muestreo endometrial. El modelo IETA-1, creado a partir de datos de pacientes con hemorragia uterina anémala,
predice cuatro resultados histologicos: (1) CE o neoplasia intraepitelial endometrial (NIE); (2) polipo endometrial o0 mioma
intracavitario; (3) endometrio proliferativo o secretor, endometritis o hiperplasia endometrial sin atipia; y (4) atrofia endometrial.
Los predictores del modelo son la edad, el indice de masa corporal y siete variables ecograficas (visibilidad del endometrio,
grosor endometrial, puntuacion de color, quistes en el endometrio, ecogenicidad no uniforme del endometrio, presencia de un
borde brillante, presencia de un Gnico vaso dominante). Se analizo la capacidad discriminativa del modelo (area bajo la curva
de caracteristicas operativas del receptor [ABC]; indice de discriminacion politomica [IDP]) y se evalud la calibracion de sus
estimaciones de riesgo (cociente observado/esperado).

Resultados. 1a edad media de las mujeres de la cohorte IETA-3 era de 51 afios (rango, 20-85) y el 51% (887/1745) de las
mujeres eran posmenopausicas. La histologia mostr6 la presencia de CE y/o NIE en 29 (2%) mujeres, polipos endometriales o
miomas intracavitarios en 1094 (63%) mujeres, endometrio proliferativo o secretor, endometritis o hiperplasia sin atipia en 144
(8%) mujeres, y atrofia endometrial en 265 (15%) mujeres. La muestra de endometrio no tenia material suficiente en cinco (0,3 %)
casos. El resultado se clasifico como benigno en las 208 (12%) mujeres que no se sometieron a un muestreo endometrial, pero
a las que se les dio seguimiento durante al menos 1 afio sin indicios clinicos o ecograficos de malignidad endometrial. El modelo
IETA-1 tuvo un ABC de 0,81 (IC 95%, 0,73-0,89; n=1745) para la discriminacion entre endometrio maligno (CE o NIE) y
benigno, y el cociente observado/esperado para el CE o la NIE fue de 0,51 (IC 95%, 0,32-0,82). El modelo fue capaz de clasificar
los cuatro resultados histologicos con una precision considerable: el IDP del modelo fue de 0,68 (IC 95%, 0,62-0,73) (n=1532).
El modelo IETA-1 discrimin6 muy bien entre la atrofia endometrial y todas las demas afecciones uterinas intracavitarias, con un
ABC de 0,96 (IC 95%, 0,95-0,98). Si se incluyen Gnicamente a las pacientes en las que el endometrio era medible (n=1689),
el ABC del modelo fue de 0,83 (IC 95%, 0,75-0,91), frente a 0,62 (IC 95%, 0,52-0,73) cuando se utilizd Gnicamente el grosor
endometrial para predecir la malignidad (diferencia en el ABC, 0,21; IC 95%, 0,08-0,32). En mujeres posmenopausicas con
grosor endometrial medible (n=848), el modelo IETA-1 dio un ABC de 0,81 (IC 95%, 0,71-0,91), mientras que el grosor
endometrial por si solo dio un ABC de 0,70 (IC 95%, 0,60-0,81) (diferencia en el ABC, 0,11; IC 95%, 0,01-0,20).

Conclusion. El modelo IETA-1 discrimina bien entre condiciones benignas y malignas en la cavidad uterina en pacientes sin
sangrado anomalo, pero sobrestima el riesgo de malignidad. También discrimina bien entre las cuatro categorias histologicas de
resultados.
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R OIETA-3 AP ia LR A 4R N 51 % (20-85 %) , 51% (887/1745) C4i%. WL AL REIR, 29 (2% KL EA EC 8 EIN,
1094 (63%) AL BAT 7 H MRS REENIUE, 144 (8%) 404 BRI M A FH IR, 75 IR R B A MRS 2E, 265 (15%) 44
A BEFENREZES. 5 6 0.3%) TENBEFEAMEIARL. 78 208 # (12%) RiAT 75 ABEBEAEBED 20 1 FHIE 75 8BS IR I
PREGEEFEAE R 10 o, 25 RAZ e, TETA-1 BEBZE X 708tk (EC BE EIN) 1 RLPEF 5 P JEE IR 75 Il AUC 24 0.81 (95% CI, 0.73-
0.89, n=1745) , EC B{ EIN FUWLZZ/FHALL S 0.51 (95% CI, 0.32-0.82) o iZRIAIELUEAH Ay bt PURD 414324 25 47402 PDI A 0. 68
(95% CI, 0.62-0.73) (n=1532) . IETA-1 BEAEIEEIRGTHLIX 775 P BSR4 A0 BT A7 LAl 9 7 B E, L AUC 5 0.96 (95% CI, 0.95-

0.98) o IR AT E NIETTIER B (1689 A) , iR AUC N 0.83 (95% CI, 0.75-0.91) , Tt FA 75 oy 5L R, U s
PEBR AUC A 0.62 (95% CI, 0.52-0.73) (AUC 24 0.21:; 95% CI, 0.08-0.32) . fET[IFF 75 P 5 B 4zt 4 (848 A 1, IETA-
%)g%izi%ﬁgoguc 9 0.81 (95% CI, 0.71-0.91) , ffidn R4l 72 RBERE, M AUC A 0.70 (95% CI, 0.60-0.81) (AUC 254 0.11; 95% CI,

Z58 TETA-1 B EAR A M X 23 JC 5 H LS8 7 O 9 1) RUAE TR, (E S e (S R () JXURS: o 2 B3 AR A 3 DX 23 DU R 2L 2327 25 SR
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