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Abstract

Objectives: The aim of this study was to develop a model
that can discriminate between different etiologies of abnor-
mal uterine bleeding. Design: The International Endometrial
Tumor Analysis 1 study is a multicenter observational diag-
nostic study in 18 bleeding clinics in 9 countries. Consecutive
women with abnormal vaginal bleeding presenting for ul-

trasound examination (n = 2,417) were recruited. The histol-
ogy was obtained from endometrial sampling, D&C, hystero-
scopic resection, hysterectomy, or ultrasound follow-up for
>1 year. Methods: A model was developed using multino-
mial regression based on age, body mass index, and ultra-
sound predictors to distinguish between: (1) endometrial
atrophy, (2) endometrial polyp or intracavitary myoma, (3)
endometrial malignancy or atypical hyperplasia, (4) prolif-
erative/secretory changes, endometritis, or hyperplasia
without atypia and validated using leave-center-out cross-
validation and bootstrapping. The main outcomes are the
model’s ability to discriminate between the four outcomes
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and the calibration of risk estimates. Results: The median
agein 2,417 women was 50 (interquartile range 43-57). 414
(17%) women had endometrial atrophy; 996 (41%) had a pol-
yp or myoma; 155 (6%) had an endometrial malignancy or
atypical hyperplasia; and 852 (35%) had proliferative/secre-
tory changes, endometritis, or hyperplasia without atypia.
The model distinguished well between malignant and be-
nign histology (c-statistic 0.88 95% Cl: 0.85-0.91) and be-
tween all benign histologies. The probabilities for each of
the four outcomes were over- or underestimated depending
on the centers. Limitations: Not all patients had a diagnosis
based on histology. The model over- or underestimated the
risk for certain outcomes in some centers, indicating local
recalibration is advisable. Conclusions: The proposed model
reliably distinguishes between four histological outcomes.
This is the first model to discriminate between several out-
comes and is the only model applicable when menopausal
status is uncertain. The model could be useful for patient
management and counseling, and aid in the interpretation
of ultrasound findings. Future research is needed to exter-
nally validate and locally recalibrate the model.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

The development of diagnostic criteria that facilitate
early referral of women to correct care is one of the most
important research areas for endometrial cancer [1].
Blind sampling of endometrial tissue and hysteroscopy is
traditional diagnostic tools for women with abnormal
uterine bleeding, but they are invasive, associated with
potential morbidity, and not always effective [2-6]. Blind
sampling may miss localized intracavitary lesions [3, 7]
and hysteroscopy provides information only on the uter-
ine cavity, not on the myometrium or ovaries.

Transvaginal ultrasound is the recommended diag-
nostic tool to triage patients with abnormal uterine bleed-
ing [8-11]. Several ultrasound-based models estimate the
risk of endometrial cancer [12-18], and a few have been
validated [19-21]. However, all are for postmenopausal
women, whereas many women presenting at a bleeding
clinic are perimenopausal. Moreover, a distinction be-
tween benign and malignant lesions may be too crude, as
most patients with abnormal uterine bleeding have be-
nign conditions that require a specific management.

The International Endometrial Tumor Analysis
(IETA) group published a consensus statement on the as-
sessment of ultrasound findings in the endometrium and
uterine cavity [22] and set up large prospective multi-

Ultrasound-Based Model for Endometrial
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center studies to correlate ultrasound findings with intra-
cavitary pathology [23-25]. The current aim was to de-
velop and internally validate a model that estimates the
probability of different pathologies in the uterine cavity
in women with abnormal uterine bleeding, including per-
imenopausal women. The primary aim was to distinguish
between malignancy and any benign condition, the sec-
ondary aim was to distinguish between different benign
conditions.

Materials and Methods

In this observational study, 26 sonologists recruited consecu-
tive patients with abnormal uterine bleeding between January 1,
2012, and December 31, 2015, in 19 centers (online suppl. Table
S1; see www.karger.com/doi/10.1159/000522524 for all online
suppl. material) in nine European countries. These were secondary
or tertiary centers with a unit specialized in gynecological ultra-
sound, including some oncological referral centers.

The inclusion criteria were abnormal, nonpregnancy related,
uterine bleeding (i.e., postmenopausal bleeding, heavy menstrual
bleeding, intermenstrual bleeding, bleeding during continuous
hormonal therapy (e.g., gestagen only, tibolone, tamoxifene), or
abnormal bleeding during sequential estrogen-gestagen therapy).
Exclusion criteria were (1) ultrasound examination failed or not
performed, (2) missing histology combined with follow-up of less
than 1 year, unknown follow-up time, or unknown endometrial
thickness, (3) final diagnosis outside the scope of this study (online
suppl. Fig. S1). It was recommended to scan premenopausal wom-
en not using hormonal therapy shortly after the last day of men-
struation, but patients scanned at another time were not excluded.

Women had their history taken and underwent clinical and
transvaginal gray scale and color or power Doppler ultrasound ex-
amination. Sonohysterography with saline or gel was added ac-
cording to each center’s local protocol. All data were entered into
a dedicated web-based datasheet [26].

The outcome is histological category (based on required man-
agement): (1) atrophy, (2) endometrial polyp or intracavitary my-
oma, (3) endometrial malignancy or atypical hyperplasia, (4) pro-
liferative or secretory changes, endometritis or hyperplasia with-
outatypia. The histology was obtained from endometrial sampling,
D&C, hysteroscopic resection, or hysterectomy (hysteroscopic re-
section in case of localized intracavitary lesions (endometrial pol-
yp, intracavitary myoma), sampling per local guidelines in the ab-
sence of a localized intracavitary lesion). When multiple sampling
methods were used in one patient, the clinically most relevant his-
tological result was used in the statistical analysis (e.g., malignancy
prioritized over myoma). The interval between ultrasound and
histological sampling was maximally 120 days. The pathologist
was not blinded to clinical and ultrasound information. In case no
histology was available (22%), the outcome was based on follow-up
(=1 year) and ultrasound findings at inclusion (online suppl. Ap-
pendix S2).

Predictors
The candidate predictors were limited (to obtain 14 events for
the smallest outcome category per variable) and selected based on
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expert opinion. We chose age, body mass index, and endometrial
characteristics at unenhanced ultrasound assessed at the inclusion
scan. The ultrasound predictors were endometrial thickness, pres-
ence of a bright edge, color Doppler score, nonuniform echo-
genicity of the endometrium (including heterogeneous, asymmet-
rical, and cystic echogenicity), nonuniform cystic appearance of
the endometrium, invisible endometrium. We adhered to IETA
terms and definitions for the ultrasound predictors ([22], online
suppl. Appendix S3). Blinding the assessment of one predictor to
the value of others was not possible, but examiners were not aware
of the histological diagnosis.

Statistical Analysis

To predict the probability of each of the four histological out-
come categories, we used multinomial loglinear lasso (see online
suppl. Appendix S2). As the patients attending the participating
bleeding clinics are predominantly perimenopausal, a piecewise
linear effect of age allowed the risks of each outcome category to
change rapidly before or after the age of 50 years (see online suppl.
Appendix S2).

To evaluate a model’s ability to discriminate between the his-
tological outcome categories, we present c-statistics (minimum
value 0.5, optimally 1) for malignant vs. benign, pairwise c-statis-
tics between all outcomes, and the polytomous discrimination in-
dex (the minimum value 0.25, optimally 1) [27]. To evaluate
whether predicted probabilities are accurate, we present observed/
expected ratios (ideally 1) and calibration slopes (ideally 1) [28].
All reported estimates are optimism-corrected (cluster bootstrap
or leave-center-out cross-validation [see online suppl. Appendix
S2]).

We compared the clinical utility of an increased malignancy
risk according to the model to that of using sonographic endo-
metrial thickness alone to decide which patients should undergo
urgent office endometrial sampling (i.e., office sampling without
delay with request for a quick reply by the pathologist, and if the
histology result does not indicate malignancy, further testing to
exclude a missed lesion). We also compared the model to office
endometrial sampling in all women. Clinical utility is quantified
as Net Benefit [29, 30]. Net Benefit considers the benefit of a true
positive test result (in this case malignancy detected) versus the
harm of a false-positive test result. We investigated scenarios
where the acceptable number of urgent office biopsies yielding
a benign result to detect one malignancy varied between 7 and
249.

We performed subgroup analyses of model performance by
hormonal therapy and menopausal status. As the majority of
women in our study is of perimenopausal age and abnormal
bleeding was an inclusion criterion, we expect misclassification of
menopausal status (postmenopausal defined as more than 12
months of amenorrhea in women older than 40 years provided
that the amenorrhea was not explained by pregnancy, medication,
or disease). We indicate this by using the terms “presumed” pre-
or postmenopausal. In presumed postmenopausal women, we
compared sensitivity and specificity regarding intracavitary ma-
lignancy of the unenhanced ultrasound model with that of endo-
metrial thickness measurements alone. We dealt with missing
data by imputation (online suppl. Appendix S2) and performed
various sensitivity analyses to assess the robustness of our conclu-
sions, e.g., to excluding women without histology (online suppl.
Appendix S2).
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Results

Of 2,856 women with abnormal vaginal bleeding pre-
senting, 8 had no ultrasound, 354 had no histological out-
come and <1-year follow-up, 77 had a diagnosis outside
the study scope (e.g., retained products of conception)
(online suppl. Fig. S1). The sample used for analysis con-
sisted of 2,417 women.

The median age was 50 years (interquartile range, 43-57,
range 19-94) (Table 1). The majority of (presumed) post-
menopausal (753/1,002) and premenopausal (1,001/1,415)
women were not using hormonal therapy. The median en-
dometrial thickness was 9.0 mm (interquartile range 6.0
mm to 13.7 mm). Atrophy was found in 414 (17%) women,
a polyp or myoma in 996 (41%), malignancy or atypical hy-
perplasia in 155 (6%), and proliferative or secretory chang-
es, endometritis or hyperplasia without atypia in 852 (35%)
(Table 1). The patients attending bleeding clinics differed
between the centers (online suppl. Table S2): Skane Univer-
sity Hospital has an outpatient bleeding clinic dedicated to
postmenopausal women, Ospedale Luigi Sacco had most
polyps or myomas, while University Hospitals Leuven had
most proliferative or secretory changes.

The model and detailed instructions to calculate pre-
dicted probabilities for each outcome category can be
found in appendix (online suppl. Tables S3, S4; online
suppl. Appendices S3 and S5). The estimated effects of
predictors were stable in our sensitivity analyses (online
suppl. Appendix S5; online suppl. Tables S5-S7).

The model discriminated well between benign and
malignant diagnoses in all centers (Fig. 1), with an overall
optimism-corrected c-statistic of 0.88 (95% CI: 0.85-
0.91). The model performed well in postmenopausal
women (on or not on hormonal therapy) and in pre-
menopausal women on hormonal therapy (C-indexes
0.71-0.89; online suppl. Fig. S2), but slightly worse in pre-
menopausal women not using hormonal therapy (0.67,
95% CI: 0.55-0.80).

Using endometrial thickness >4.5 mm to indicate ma-
lignancy in postmenopausal women with measurable en-
dometrium (n = 903), 72% of the women were classified
as high risk, sensitivity was 97% and specificity was 32%
(Table 2). When using the model’s predicted malignancy
risk >1.6%, also 72% of the women were classified as high
risk, with slightly higher sensitivity (98%) and slightly
lower specificity (29%). The sensitivities and specificities
for other thresholds are presented in online supplemen-
tary Table S8. In contrast to endometrial thickness, the
model can be applied in all women, including those with
invisible or unmeasurable endometrium.

Wynants et al.
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Table 1. Demographic background data, potential predictors, and outcomes (n =2,417)

Age, years
BMI, kg/m?
Postmenopausal
No hormonal therapy
Estrogen-only hormonal therapy
Any other hormonal therapy
Premenopausal
No hormonal therapy
Any hormonal therapy
Histology
Atrophy
Atrophy (histologically confirmed)
Tentative diagnosis of atrophy (no histology)
Endometrial polyp, intracavitary myoma
Endometrial polyp (histologically confirmed)
Intracavitary myoma (histologically confirmed)
Tentative diagnosis of polyp or myoma (no histology)
Endometrial malignancy, atypical hyperplasia
Malignancy (histologically confirmed)
Atypical hyperplasia (histologically confirmed)
Proliferative or secretory changes, endometritis, hyperplasia without atypia
Proliferative endometrium (histologically confirmed)
Secretory endometrium (histologically confirmed)
Hyperplasia without atypia (histologically confirmed)
Endometritis (histologically confirmed)
Tentative diagnosis of proliferative or secretory endometrium (no histology)
Unenhanced ultrasound characteristics
Visible endometrium
If visible
Presence of bright edge
Color score
No flow (1)
Minimal flow (2)
Moderate flow (3)
Abundant flow (4)
Single dominant vessel
Nonuniform echogenicity
Nonuniform cystic echogenicity
Endometrial thickness, mm

50 (43-57)
25 (22-29)
1,002 (41)
753 (31)
100 (4)
149 (6)
1,415 (59)
1,001 (41)
414(17)

2,175 (90)
495 (23)

1,038 (48)
674 (31)
382(18)

81 (4)

500 (23)

993 (46)

407 (19)

9.0 (6.0-13.7)

Results are presented as median (IQR) or n (%). IQR, interquartile range.

Table 2. Sensitivity and specificity with regard to malignancy/atypical hyperplasia for sonographic endometrial thickness and for the

unenhanced ultrasound model in postmenopausal women with a measurable endometrium (n = 903)

Classified as high risk,  Sensitivity

Specificity

n/N (%) (95%Cl),%  (95% Cl), %
Endometrial thickness, >4.5 mm 650/903 (72) 97 (93-99) 32(29-35
>1.6% predicted risk of malignancy/atypical hyperplasia by unenhanced model 650/903 (72) 98 (94-99) 29 (26-33)
Ultrasound-Based Model for Endometrial Gynecol Obstet Invest 2022;87:54-61 57
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Centers N N malignant C [95% CI]
UHL 1077 55 0.87 [0.81 ; 0.93] ——
oLsS 299 26 0.93 [0.87 ; 0.99] ——
SUH 282 30 0.88 [0.82 ; 0.95] —a—
OTHER 759 44 0.85 [0.78 ; 0.92] —a—
Overall 2417 155 0.88 [0.85 ; 0.91] ‘
Fig. 1. C-statistic (any benign condition vs. oe 0w 1
malignant) per center and overall (opti-
mism-corrected).
Centers N o] E O/E [95% CI]
cancer/atypical hyperplasia
UHL 1077 55 95 0.58 [0.44 ; 0.76] —-—
oLs 299 26 17.7 147 [1.15 ; 1.88) —_—
SUH 282 30 34.5 0.87 [066 ; 1.14] ——
OTHER 759 44 347 1.27 [1.01 ; 18] e —
atrophy
UHL 1077 206 162.8 1.26 [115 ; 1.39] —
oLs 299 17 458 0.37 [0.2 ; 0.68] —
SUH 282 141 86 164 [1.5; 1.79] —-—
OTHER 759 50 71.6 0.7 [053 ; 0.91] —a
hyperplasia/proliferative/secretory
UHL 1077 542 314.4 1.72 [164 ; 1.81] -
oLs 299 29 94,4 031 [0.19 ; 0.5] —-—
SUH 282 41 61.8 0.66 [049 ; 0.9] ——
OTHER 759 240 290.6 0.83 [0.75 ; 0.91] =
polyplintracavitary fibroid
UHL 1077 274 504.7 0.54 [0.49 ; 0.61] ]
oLs 299 227 141 161 [151 ; 1.71] -
SUH 282 70 99.7 0.7 [0.57 ; 0.86] —-—
OTHER 759 425 362.1 147 [1.11  1.24] ]

Fig. 2. Observed and expected number of cases in each outcome category. If the observed number of cases is

higher than the expected number, then the model underestimates the probability of that outcome.

The model discriminated well between all catego-
ries (polytomous discrimination index 0.67, 95% CI:
0.63-0.75; online suppl. Fig. S3) with c-index ranging
from 0.76 (95% CI: 0.74-0.79) for polyp or myoma
versus proliferative or secretory endometrium to 0.94
(95% CI: 0.92-0.96) for atrophy versus malignancy.

58 Gynecol Obstet Invest 2022;87:54-61
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Despite good discrimination, the model overestimated
or underestimated the risk of certain histological out-
comes in individual centers (Fig. 2). For example, in Os-
pedale Luigi Sacco, the observed number of atrophies and
proliferative or secretory endometria was lower than ex-
pected, while the observed number of polyps and myo-

Wynants et al.
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mas was higher. The risk of malignancy was higher than
expected in postmenopausal women not on hormonal
therapy and the risk may be lower for others, but the
number of malignancies per group was too small for firm
conclusions (online suppl. Fig. S4). The optimism cor-
rected calibration slopes indicate negligible overfitting
(online suppl. Table S9).

If one is willing to perform a maximum of 20 urgent
office biopsies to detect one malignancy in (presumed)
postmenopausal women, then using the model was the
superior to endometrial thickness (cut-off 3, 4.5, or 7
mm) and to endometrial sampling in all women, in all
centers (online suppl. Fig. S5). In contrast, if one is willing
to perform more than 20 urgent office biopsies to detect
one malignancy in (presumed) postmenopausal women,
there was no universal best strategy, but the model was
among the best strategies in each center. In (presumed)
premenopausal patients, the best strategy differed from
center to center (online suppl. Fig. S6).

Discussion

This model, combining age, BMI, and endometrial
thickness with six other easy and clearly defined ultra-
sound characteristics discriminates very well between: (1)
atrophy, (2) endometrial polyp or intracavitary myoma,
(3) endometrial malignancy or atypical hyperplasia, and
(4) proliferative or secretory changes, endometritis or hy-
perplasia without atypia. It can be used in perimenopaus-
al women and women with an invisible or unmeasurable
endometrium. The predicted risks of a certain outcome
category may be an under- or overestimation for a spe-
cific patient. Despite this, the model is superior to doing
a biopsy in all postmenopausal women and to endome-
trial thickness measurements (with 3, 4.5, or 7 mm cut-
off) if one is willing to perform a maximum of 20 urgent
biopsies to detect one malignancy, and competitive to the
other strategies if one is willing to perform more biopsies.
The IETA 1 study is the largest study to date to relate ul-
trasound characteristics to different conditions in the
uterine cavity using a uniform terminology.

Limitations

A limitation is that not all patients had a diagnosis
based on histology. Some diagnoses based on ultrasound
and follow-up may be incorrect, but the exclusion of cas-
es without histology did not change the effects of the in-
cluded predictors. Another limitation is that our model
over- or underestimated risks for certain outcomes in

Ultrasound-Based Model for Endometrial
Pathology

some centers. The regression equations that we present
have been re-estimated on data from all centers, which
may reduce the issue, but external validation is necessary
to verify this. It is reassuring that the model had good dis-
crimination and clinical utility in postmenopausal wom-
en in all centers, despite miscalibration.

Interpretation

The population in the participating clinics was pre-
dominantly perimenopausal and postmenopausal in
Skane University Hospital. Caution is needed for pre-
menopausal women not using hormonal treatment. The
endometrium grows rapidly after menstruation. In the
(late) secretory phase, the endometrium is well vascular-
ized on color Doppler [31]. This may lead to ambiguous
ultrasound findings and unreliable model predictions.
Further validation in women seen shortly after the last
day of menstruation is needed.

Others, too, have created models to predict malignancy
in postmenopausal women with abnormal uterine bleed-
ing [12-15, 17-20]. They also found thicker endometrium,
older age, high color content of the endometrial scan and
nonuniform echogenicity of the endometrium to increase
the risk of malignancy. Ferrazzi et al. [32] also found that
thinner endometrium and older age are indicators of en-
dometrial atrophy in women with postmenopausal bleed-
ing. Others also found that localized intracavitary lesions
present at ultrasound with a hyperechoic line surrounding
the central endometrial complex (corresponding to our
“bright edge”) [33], and the “pedicle artery” sign [34] (cor-
responding to our “single dominant vessel”). Others [35,
36] have described and compared sonographic character-
istics of different types of lesions in the uterine cavity, but
to our knowledge, we are the first to demonstrate that a
model combining features distinguishes very well between
four types of endometrial histology.

The outcome category with the highest predicted
probability is the most likely diagnosis. However, a pa-
tient may also have an increased predicted probability for
another histology when compared to the baseline risks (in
this study 41% for polyp or myoma, 35% for proliferative
or secretory changes, 17% for atrophy, and 6% for malig-
nancy). This indicates that the patient has characteristics
indicative of both outcomes, and they should be consid-
ered as differential diagnoses.

If future research confirms the utility of our model, it
may be used to help select women to the appropriate care
pathway: endometrial sampling without delay if the risk
of malignancy is high with request for a quick reply by the
pathologist (and if malignancy is not confirmed, further
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testing to exclude a missed lesion); hysteroscopic resec-
tion if a polyp or an intracavitary submucous myoma is
likely; blind office endometrial sampling if proliferative
or secretory endometrium, endometritis or hyperplasia
without atypia is the likely diagnosis; and perhaps no
sampling at all if endometrial atrophy is likely and if the
risk of malignancy is below a certain threshold (e.g.,
1.6%). Experts in gynecological ultrasound may not need
a model to make a correct diagnosis of endometrial and
other intracavitary pathology, but our model may be of
value for gynecologists less experienced in ultrasonogra-
phy and for intermediate-level sonologists, after valida-
tion with such users. The model could be implemented in
apps or ultrasound machine software to facilitate calcula-
tions during scanning.

Conclusion

Our model based on age, BMI, and ultrasound charac-
teristics discriminates well between four types of endo-
metrial lesions. The clinical and ultrasound variables in
our model should be routinely investigated, reported, and
used for diagnosis after every ultrasound examination be-
cause of abnormal uterine bleeding. The risk estimates
may give a clinician extra support for the diagnosis and
may also be used in patient counselling, if future external
validations demonstrate the clinical utility of the model.
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