
European Journal of Obstetrics & Gynecology and Reproductive Biology 263 (2021) 181–191
Contents lists available at ScienceDirect

European Journal of Obstetrics & Gynecology and
Reproductive Biology

journal homepage: www.elsevier .com/locate /euro
Full length article
Preoperative prediction of high-risk endometrial cancer by expert and
non-expert transvaginal ultrasonography, magnetic resonance imaging,
and endometrial histology
https://doi.org/10.1016/j.ejogrb.2021.05.041
2215-1532/� 2021 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Abbreviations: AUC, area under receiver operating characteristic curve; ESMO/ESTRO/ESGO, European Society for Medical Oncology/European Society for Radiot
Oncology/European Society of Gynaecological Oncology; Expert-TVS, transvaginal ultrasonography by expert; LND, lymph node dissection; MRI, magnetic re
imaging; MI, myometrial involvement; Non-expert-TVS, transvaginal ultrasonography by obstetrics and gynecology resident at first visit; ROC, receiver o
characteristic; SLND, sentinel lymph node dissection; TVS, transvaginal ultrasonography.
⇑ Corresponding author at: Department of Gynecology and Obstetrics, Aarhus University Hospital, 100 Palle Juul-Jensens Boulevard, 8200, Aarhus N, Denmark.

E-mail address: dueholm@dadlnet.dk (M. Dueholm).
Margit Dueholm a,⇑, Ina Marie Hjorth b, Katja Dahl a, Edvard Marinovskij c, Gitte Ørtoft d

aDepartment of Gynecology and Obstetrics, Aarhus University Hospital, Aarhus N, Denmark
bDepartment of Oncology, Aarhus University Hospital, Aarhus N, Denmark
cDepartment of Gynecology and Obstetrics, Odense University Hospital, Odense, Denmark
dDepartment of Gynecology and Obstetrics, Copenhagen University Hospital, Copenhagen, Denmark

a r t i c l e i n f o a b s t r a c t
Article history:
Received 13 January 2021
Revised 10 May 2021
Accepted 22 May 2021

Keywords:
Transvaginal ultrasonography
Magnetic resonance imaging
Endometrial neoplasm
Sensitivity and specificity
Objective: To identify women with high-risk endometrial cancers using expert and non-expert transvagi-
nal ultrasonography (TVS) and MRI.
Study design: Myometrial involvement was prospectively evaluated in patients with atypical hyperplasia
or endometrial cancer on ultrasound by non-experts at first visit (non-expert-TVS: n = 266) and experts
(expert-TVS: n = 188) at second visit. MRI (n = 175) was performed when high-risk cancer was suspected
on non-expert-TVS. Preoperatively, high-risk cancer was defined as myometrial involvement �50 %, or
preoperative unfavorable tumor histology (grade 3 endometrioid, non-endometrioid tumors, or tumor
in cervical biopsies) obtained by endometrial sampling or hysteroscopic biopsies. Preoperative evalua-
tions were compared with final histopathology obtained at surgery, high-risk cancer being defined as
unfavorable tumor histology or patients with FIGO stage �1b.
Results: Preoperative unfavorable tumor histology was seen in 64 women and correctly identified 63 of
128 high-risk cancers. Preoperative diagnosis of unfavorable tumor histology or myometrial involvement
�50 %, i.e. judged high-risk, had an area under the curve (AUC), sensitivity, and specificity of 79.5 %, 93.8
%, 65.2 % on non-expert-TVS; 85.5 %, 84.4 %, 86.5 % on expert-TVS, and 85.4 %, 89.6 %, 81.2 % on MRI. AUC
values were not significantly different between MRI and expert-TVS, but lower on non-expert-TVS (p <
0.02). However, sensitivity was highest on non-expert-TVS, where a low cutpoint for myometrial involve-
ment was used (included potentially deep and difficult evaluations) in contrast to an exact cutpoint of
myometrial involvement �50 % used on expert-TVS and MRI.
The highest AUC, 88.6 %, was seen when MRI was performed in patients with myometrial involvement

�50 %, determined on non-expert TVS. Sensitivity was reduced to 85.9 %, while specificity increased to
91.3 %. Thus, MRI was needed for risk classification in only 104 (39 %) patients.
Conclusion: Diagnostically, expert-TVS and MRI were comparable and superior to non-expert-TVS.
However, non-expert-TVS classified all patients with unclear myometrial involvement �50 %, and
thereby only misdiagnosed 6.2 % of high-risk cases. Non-expert-TVS combined with MRI when myome-
trial involvement was �50 % on non-expert-TVS was a simple and effective method comparable with
expert imaging to identify low- and high-risk cancer and select patients for SLND. Addition of MRI to
the diagnostic regimen was needed in only 39 % of our patients.
� 2021 The Authors. Published by Elsevier B.V. This is an open access articleunder the CCBY license (http://

creativecommons.org/licenses/by/4.0/).
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Introduction

Surgical treatment for endometrial cancer is hysterectomy and
bilateral salpingo-oophorectomy. Systematic lymph node dissec-
tion (LND) of the pelvic and paraaortic nodes is performed to
ensure proper staging and allocate women with lymph node
metastasis to adjuvant therapy [1]. LND is not recommended for
women with low-risk cancer (endometrioid carcinoma grades 1–
2 with <50 % myometrial invasion) [1]. LND is associated with
increased intra- and postoperative morbidity, and women with
low-risk cancer have a low risk of lymph node involvement and
no survival benefit of LND [2–4].

Preoperative discrimination between low- and high-risk
endometrial cancers is important to avoid LND in low-risk women
and plan the most appropriate surgery in the high-risk group. Pre-
operative risk classification is performed by evaluating myometrial
and cervical involvement by transvaginal ultrasonography (TVS)
and/or magnetic resonance imaging (MRI) performed by specialists
[5–8] combined with tumor histology [9,10]. Few studies have
compared TVS and MRI regarding myometrial involvement in the
same patients [6], and to our knowledge only two studies have
included preoperative tumor histology for prediction of high-risk
disease [11,12].

The recently introduced sentinel lymph node dissection (SLND)
procedure relies on removal of a small number of lymph nodes
most likely to harbor tumor cells [13,14]. SLND may reduce mor-
bidity compared to LND [15–17] and still detect nodal involve-
ment. SLND is, however, controversial in low-risk patients
because the SLND procedure is expensive [18], the morbidity
incurred by adding this procedure to a simple hysterectomy may
be increased [15,19], and the SLND procedure may result in incom-
Fig. 1. Myometrial involvement (MI) was measured as full-wall thickness (B), minus the
Full-wall thickness (B) was myometrial thickness subjectively selected at a point of no in
the high-risk group, while expert-TVS and MRI measured MI in all tumors and gave an ex
on preoperative tumor histology included 64 patients: 12 with cervical stroma invasion in
or endometrioid grade 3). Two patients had both non-endometrioid tumors and cervic
correctly identified 63 (49 %) of 128 patients as high-risk.Preoperative imaging high-risk
women with imaging-diagnosed extrauterine disease were included (non-expert-TVS [n =
nodal involvement were included in the imaging high-risk group.
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plete detection on one or both sides [20,21], leading to LND even in
low-risk women [18].

Importantly, a decision to perform SLND has to be made preop-
eratively because the procedure is performed before hysterectomy
and is impossible to base on frozen section performed after hys-
terectomy. Thus, women falsely evaluated as low-risk cases may
need systematic LND instead of the lower morbidity SLND alterna-
tive. Preoperative risk classification on expert-TVS or MRI increases
cost and usually requires a second appointment. Consequently,
SLND is often offered to all patients. However, a first visit preoper-
ative risk classification performed with TVS by non-experts (non-
expert-TVS), which is potentially effective in non-expert hands
[22], is a simple, easily available low-cost procedure that could
spare a second costly appointment for expert imaging.

In this study, we evaluated the efficiency of a simplified diag-
nostic setup (non-expert-TVS) to identify high-risk cancer and
compared this setup with the efficacy of other setups for preoper-
ative diagnosis (expert TVS and MRI assessment of myometrial
involvement).

Material and methods

Consecutive patients with postmenopausal bleeding (n = 1013)
referred to Aarhus University Hospital, Denmark, from November
1, 2013 to December 1, 2015 were evaluated in a dedicated post-
menopausal bleeding fast-track outpatient clinic according to a
standard protocol. This prospective cohort study included women
with a diagnosis of endometrial cancer or atypical hyperplasia (n
= 266) based on the final hysterectomy specimen. The ethics com-
mittee of Central Denmark Region approved the study protocol,
classified as standard quality assurance.
free boarder from the tumor to serosa (A) as percentage of full-wall thickness (B).
vasion or least invasion. Non-expert-TVS included tumors with unclear boarders in
act measure of <50 % or �50 %.Preoperative high-risk defined by unfavorable tumors
a hysteroscopic biopsy and 54 with unfavorable tumors (non-endometrioid tumors
al stroma invasion. Preoperative tumor histology falsely identified 1 woman, but
was chiefly defined on the basis of myometrial involvement (MI) �50 %, but a few
1], expert-TVS [n = 1], and MRI [n = 3]). Women with imaging-suspected cervical or
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Transvaginal ultrasonography (TVS)

All women underwent TVS (conventional gray-scale and power
Doppler sonography according to a set scanning protocol) [23].
Residents in the last 2 years of a 5-year specialist training program
in gynecology and obstetrics performed TVS at the first visit (non-
expert-TVS). Initially, all residents had 2–4 days of supervised
training by one of five gynecologists with sonographic experience
and afterwards supervision on request after first recording their
findings on a standard form.

Myometrial involvement was estimated as seen in Fig. 1. Deep
myometrial involvement was defined as myometrial involvement
�50 %. If myometrial involvement was difficult to evaluate or
potentially >50 % on non-expert-TVS, women were considered to
have suspected deep myometrial involvement. Cervical involve-
ment was based on tumor growth or irregularity of the borders
of or in the cervix.

Women referred to hysteroscopy had on another date TVS per-
formed immediately before hysteroscopy by one of three blinded
experienced gynecologists (expert-TVS), who gave an exact TVS-
based assessment of myometrial involvement, i.e. < 50 % or �50
% (Fig. 1). Experts had more than 10 years of experience in gyneco-
logic ultrasound and evaluation of more than 100 endometrial
cancers.

Fig. 2 shows selection of women for imaging and hysteroscopy.
Exclusion criteria are given in legend for Fig. 2.

Hysteroscopy was used to verify tumor type and grade [24]. To
diagnose cervical involvement when tumor was present near the
internal cervical boarder, additional hysteroscopic resectoscopic
biopsies (3–5) were taken from the internal cervical border to
Fig. 2. shows the flow sheet of the study population and included patients in Tables 2 &
Experienced sonographers (expert-TVS) performed hysteroscopy and evaluated myometr
d Serious comorbidity excluding adjuvant chemotherapy (n = 12) and inducing operati
d Tumors not considered suitable for hysteroscopy (n = 29), e.g. unfavorable tumors on
giving theoretical risk of spread of high-risk tumor type
d Tumors suspected of having myometrial invasion to the serosa on non-expert-TVS, in
MRI (n = 175) was subsequently performed:
d When there was no absolute confidence regarding myometrial involvement (MI) <50
stage 2–4 was suspected (n = 158).
d MRI was also performed (n = 31) when there was no available tumor type, and hyste
MRI was, however, not performed in women unable to undergo MRI because of serious

183
the surface of the cervix. We found this technique to be the best
technique for preoperative diagnosis of cervical involvement [11].

Magnetic resonance imaging (MRI)

MRI was performed if high-risk tumor was suspected on first
visit non-expert-TVS (n = 158), or if tumor type had not been deter-
mined at first visit (n = 31), see Fig. 1. MRI was undertaken imme-
diately before expert-TVS and hysteroscopy and thus expert-TVS
was blinded to MRI. MRI was performed according to a standard
protocol for endometrial cancer [11] and included diffusion MRI.
One of two blinded MRI radiologists evaluated the exact degree
of myometrial involvement by using the same definitions as those
used on expert-TVS. Cervical involvement was present when
tumor borders were present in the cervix or if disruption of the
normal low-signal cervical stroma/or a high signal intensity cervi-
cal mass was detected.

Preoperative risk classification

Preoperatively, women were divided into low-risk and high-risk
groups based on tumor histology and imaging (Fig. 1).

Preoperative diagnosis of tumor histology
Preoperative tumor histology was obtained by office endome-

trial sampling or hysteroscopy with resectoscopic sampling
[24,25]. Unfavorable tumors (grade 3 endometrioid or non-
endometrioid tumors or cervical stroma invasion in hysteroscopic
biopsies) were preoperatively classified in the high-risk group.
Cervical involvement was defined as stromal invasion in
3.
ial involvement (n = 188). Exclusion criteria for hysteroscopy and expert-TVS were:
ve risk,
preoperative office sampling (non-endometrioid or grade 3 endometrioid tumors),

ducing risk of perforation.

% on non-expert-TVS, when an unfavorable tumor type was present, or cancer FIGO

roscopy was planned in relation to MRI.
obesity, comorbidity, or claustrophobia (n = 14).



Fig. 3. Different preoperative algorithms (AFA) for identification of the high-risk group are described. Preoperative high-risk was defined based on preoperative unfavorable
tumor histology or imaging high-risk (principally myometrial involvement �50 %). Imaging high-risk was evaluated on non-expert-TVS (n = 266) in algorithm A, expert-TVS
(n = 188) in algorithm B, and onMRI (n = 175) in algorithm C. In algorithm D (n = 266), imaging high-risk was evaluated on MRI when myometrial involvement on non-expert-
TVS was suspected to be�50 %. Algorithm E and algorithm F included 241 patients where either MRI or expert-TVS was performed. In algorithm E, preoperative imaging high-
risk was defined on MRI or expert-TVS if MRI was not performed. In algorithm F, imaging high-risk was defined based on myometrial involvement �50 % on either MRI or
expert-TVS.
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hysteroscopic biopsies that contained cervical glandular tissue. At
first visit 98 patients had histopathology with a cancer diagnosis.

Preoperative imaging diagnosis of high-risk
Women with myometrial involvement � 50 % on imaging (non-

expert-TVS, expert-TVS, or MRI) were classified as high-risk based
on each imaging technique. (Detailed in legend for Fig. 1)

For evaluation of myometrial involvement, non-expert-TVS,
expert-TVS, and MRI (algorithms A, B, C) and a combination of
these techniques (algorithms D, E, F) were evaluated and compared
to reference standards, see Fig. 3.

The final surgical strategy was decided upon at a multidisci-
plinary conference based on the total preoperative classification
of low-risk/high-risk. LND was standard treatment for high-risk
patients suitable for adjuvant therapy if lymph node metastases
were detected.

Reference standards

Preoperative staging was compared to the reference standard:
final postoperative histopathology from the hysterectomy speci-
men and LND, if performed. Final histopathology risk was defined
as follows:

Low-risk: Atypia or endometrioid tumors stage 1A, grades 1–2.
High-risk:

a Non-endometrioid tumors or endometrioid tumors grade 3
(unfavorable tumors).
b FIGO Stages Ib–IV.

Statistics

Data were analyzed using Stata (Stata Corp, College Station, TX,
USA). Low- and high-risk groups were compared by chi2 test and t-
test. The area under the receiver operating characteristic curve
(AUC), sensitivity, specificity, positive and negative predictive val-
ues, and likelihood ratios for algorithms AFA were calculated and
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compared using receiver operating characteristic (ROC) analysis
and McNemar’s test. P < 0.05 was considered statistically
significant.

Sample size assessment was calculated to detect a 10 % differ-
ence in accuracy by a combination of non-expert TVS and MRI(al-
gorithm D) compared to experts(MRI or expert-TVS) (n = 202) for
assessment of high-risk and to detect a 15 % difference in accuracy
between MRI and TVS for myometrial involvement (n = 103)
(paired proportion, alpha < 0.05 power: 80 %).
Results

Patient characteristics are given in Table 1. The high-risk group
included 128 (48.1 %) of the 266 women. In 122 women, non-
expert-TVS along with both expert-TVS and MRI was performed.
Estimation of myometrial involvement was compared to final
myometrial involvement at hysterectomy (Table 2). AUC values
were higher for expert-TVS (76.4 %) and MRI (77.0 %) than non-
expert-TVS (66.5 %), while MRI and expert-TVS had similar AUC
values. Non-expert-TVS only classified tumors as <50 % if there
was a clear outline of tumor with myometrial involvement <50 %
(Fig. 1), which provided the highest sensitivity but lowest speci-
ficity. A more exact estimation of myometrial involvement was
undertaken by the experienced examiners (expert-TVS and MRI),
which decreased sensitivity and increased specificity.

Table 3 presents the diagnostic performance of the evaluation of
myometrial involvement �50 % by the different imaging tech-
niques and imaging combinations. Image combination E (MRI
and expert-TVS) represented expert imaging in almost all patients
(241). The AUC for image combinations D was highest and not sig-
nificantly different from E and F, but higher than that for non-
expert-TVS. Notably, The AUC for expert imaging combinations E
included 241 patients and was at the same level as the subgroup
of expert-TVS (B) and MRI (C). Exclusion of preoperative non-
endometrioid or grade 3 tumors did not change AUCs.



Table 1
Patient characteristics of all patients and patients defined as low-risk (atypia or grade 1 or 2 stage 1a (<50 % myometrial invasion) and high-risk tumors (stage 1b - stage 4 or non-
endometrioid or grade 3 endometrioid tumors).

All patients Low-risk High-risk

N [mean] (95 % CI) % N [mean] (95 % CI) % N [mean] (95 % CI) % P value < 0.05

n 266 138 51.9 128 48.1

Patient characteristics
Age [69] (67�70) [66] (64�67) [72] (70�73) <0.01
BMI [30.1] (29�31) [32.0] (30�34) [28.2] (27�29) <0.01
Hypertension 131 49.2 68 49.3 63 49.2 NS
Diabetes 31 11.7 16 15 NS
Hormonal treatment 16 6.7 6 10 NS

Final surgical stage
Stage 1a 132 49.6 111 80.4 21 16.4 <0.01
Stage 1b 64 24.1 64 50.0
Stage 2 7 2.6 7 5.5
Stage 3 33 12.4 33 25.8
Stage 4 3 1.1 3 2.3

Final histology
Atypical hyperplasia 27 10.2 27 19.6
Endometrial cancer 239 89.8 111 80.4 128
Non-endometrioid tumors* 36 13.5 36 28.1
Endometrioid adenocarcinoma 204 76.7 112 81.2 92 71.9 NS

Final grade of endometrioid adenocarcinoma
Endometrioid grade 1 147 55.2 100 72.5 47 36.7 <0.01
Endometrioid grade 2 30 11.3 11 8.0 19 14.8 NS
Endometrioid grade 3 26 9.8 26 10.9

Other
Preoperative diagnosis of non-endometrioid and grade 3 endometrioid 64 24% 64 50.0
Systematic lymph node dissection (LND) 101 38 9 6.5 92** 71.9 < 0.01
Lympho-vascular space involvement (LVSI) 43 16.2 3 2.2 40 31.3 <0.01

TOTAL
Atypia, grades 1 and 2 204 76.7 138 51.9 66 24.8 < 0.01
Grade 3 and non-endometrioid* 62 23.3

In all, 255 of 266 had a preoperative histopathologic diagnosis by endometrial sample or hysteroscopic resectoscopic biopsy. Diagnosis was based on cervical biopsies or
conus (n = 2). Nine women had insufficient or failed endometrial sampling, but hysteroscopy was not performed owing to either comorbidity or suspected sarcoma (n = 9).

* serous (n = 16); clear cell (n = 6), carcinosarcomas (n = 11), other (n = 3) (1 undifferentiated, 1 planocellular from uterus, 1 leiomyosarcoma).
** 36 High-risk women had no LND (stage 3 or more diagnosed intraoperatively [n = 7], refused [n = 3], comorbidity or advanced age [n = 22]; MI < 55 % [n = 4]).

Table 2
Diagnosis of deep myometrial invasion (MI � 50 %) in 122 women undergoing TVS by non-experienced examiner (non-expert-TVS), experienced examiner (expert-TVS), and MRI
versus pathology after hysterectomy.

AUC 95 %CI Sensitivity [TP/P] 95 %CI Specificity [TN/N] 95 %CI

Non-expert TVS 66.5 60–73 95.7 86–100 37.3 26–49
[45/47] [28/75]

Expert-TVS 76.4 69–84 80.9 67–91 72.0 60–82
[38/47] [54/75]

MRI 77.0 69–85 76.6 62–88 77.3 66–86
[36/47] [58/75]

N = 122

Area under the receiver operating characteristic (ROC) curve (AUC); True positive/positive [TP/P]; True negative/negative [TN/N]. Reference standard: Myometrial
involvement on final histopathology after hysterectomy. ROC comparison of AUCs between non-expert-TVS, expert-TVS, and MRI: non-expert-TVS had lower AUC than
expert-TVS and MRI (p = 0.02). There was no significant difference in AUC between expert-TVS and MRI and algorithm D. Results after exclusion of 24 patients with grade 3 or
non-endometrioid tumors according to preoperative histology were at the same level. AUCs in 98 patients were non-expert-TVS AUC: 66.5 %; expert-TVS AUC: 77.9 %; MRI
AUC:78.8 %.
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Hysteroscopic cervical biopsies had the highest efficiency for
diagnosis of cervical involvement, but the sensitivity was only 75
%, see Table 4.

Based on preoperative tumor histology, 63 of 64 patients
were correctly classified as being in the high-risk group
(Fig. 1). Diagnosis of high-risk women by imaging combined
with preoperative tumor histology had higher diagnostic effi-
ciency (Table 5) than diagnosis based on imaging alone (Table 3).
However, the order of the level of the AUCs for algorithms AFA
was unchanged. Non-expert-TVS (algorithm A) had high sensitiv-
ity (93.8 %) but low specificity (65.2 %), and 48 low-risk women
were not identified. Compared to algorithm A, more patients
were understaged (not identified as high-risk) by algorithm D
(n = 18), while only 12 (algorithm D) were overstaged (low-
risk falsely evaluated as high-risk). In algorithm D, MRI was
185
added in patients with myometrial involvement �50 % on non-
expert-TVS; thus, preoperative risk was based on MRI in 104
(39 %) of 266 patients.

Almost all patients (241) underwent expert imaging (either
expert-TVS or MRI). Fig. 4 compares the ROC curves of algorithms
A, D, E, and F in these 241 patients. Non-experts categorized all
unclear findings on TVS as high-risk, and thereby algorithm A
had a higher sensitivity than algorithms D and E, but a much lower
specificity and AUC. In algorithm F, the use of either expert-TVS or
MRI for myometrial involvement �50 % increased sensitivity, but
not to the level of non-expert-TVS.

Algorithm E (MRI & expert-TVS) was used for selection to LND
in the study period, see Appendix A. Data on the diagnostic effi-
ciency of the investigated procedures in 239 endometrial cancers
without atypia did not differ substantially, see Appendix B



Table 3
Diagnosis of deep myometrial invasion (MI � 50 %) on ultrasound by non-expert examiner at first visit (non-expert-TVS) (A), ultrasound experienced examiner at second visit
(expert-TVS) (B), magnetic resonance imaging (MRI) (C), and combined TVS and MRI (D–F).

AUC % 95 %CI Sens % 95 %CI Spec % 95 %CI PPV % 95 %CI NPV % 95 %CI LR+ 95 %CI LR� 95 %CI

Imaging technique
(A) Non-expert-TVS 74.1 69–79 88.3 80–94 59.9 52–67 54.6 46–63 90.4 83–95 2.2 1.8–2.7 .195 .11–.35
(n = 266) 83/94 103/172
(B) Expert-TVS 79.7 73– 86 76.8 64–87 82.6 75–89 65.2 52–77 89.3 83–93 4.4 3.0–6.6 .281 .17–.46
(n = 188) 43/56 109/132
(C) MRI 77.4 71–84 79.5 69–88 75.3 66– 84 72.1 61– 81 82.0 73–89 3.2 2.2–4.6 .273 .17– .43
(n = 175) 62/78 73/97

Combinations of imaging techniques:
(D) Non-expert TVS and MRI if MI � 50 %

on non-expert TVS
80.5 75–86 74.5 64–83 86.6 81– 91 75.3 65– 84 86.1 80–91 5.6 3.7– 8.3 .295 .21–.42

(n = 266) 70/94 149/172
(E) MRI + expert-TVS if MRI was

not performed
80.1 75–85 77.0 67–85 83.1 76–89 72.0 62–81 86.5 80– 92 4.6 3.2–6.6 .277 .19–.41

(n = 241) 67/87 128/154
(F) Expert-TVS OR MRI (�50 %) 79.1 74–84 81.6 72– 89 76.6 69–83 66.4 57–75 88.1 81–93 3.5 2.6– 4.7 .240 .15– .38
(n = 241) 71/87 118/154

Area under the curve (AUC); Sensitivity (Sens); Specificity (Spec); Positive predictive value (PPV); Negative predictive value (NPV); Positive likelihood ratio (LR+) negative
likelihood ratio (LR�) was calculated of preoperative myometrial involvement compared to final myometrial involvement at hysterectomy. Imaging combinations imaging
techniques (D–F) was a combination of techniques A–C as follows: D) Non-expert-TVS, MRI was performed when MI � 50 % on non-expert-TVS (n = 138); E) First priority MI
on MRI (n = 175) and second priority MI on expert-TVS (n = 66) if MRI was not performed; F) Either expert-TVS or MRI had MI � 50 %; MI < 50 %: Neither MRI nor expert TVS
had MI � 50 % (n = 241). No significant difference in AUCs of B (76.4 %), C (77.0 %), D (79.2 %), E (77.0 %) and F(74.6 %) (n = 122). Significant lower AUC of A (72.8 %) compared to
D (80.2 %), E (80.1 %) and F (79.1 %) (p < 0.05), but no significant difference in AUCs (D, E, F) (n = 241). After excluding the 54 patients with preoperative unfavorable tumors,
the AUCs in the remaining patients were A: 73.4 %; B: 80.4 %; C: 79.1 %; D: 81.1 %; E: 81.1 %; F: 79.8 %.

Table 4
Diagnosis of cervical involvement on non-expert transvaginal sonography (non-expert-TVS), MRI, and hysteroscopic cervical biopsies compared to cervical stroma involvement at
hysterectomy.

AUC % 95 %CI Sensitivity % 95 %CI Specificity % 95 %CI

Non-expert-TVS 66.5 52–81 41.7 15–72 91.3 87–95
(n = 218) 5/12 188/206
MRI 78.6 67–90 61.1 36–83 96.2 92–99
(n = 175) 11/18 151/157
Hysteroscopic cervical biopsy 86.6 74–100 75.0 43–95 98.3 95–100

9/12 172/175
(n = 187)

Cervical stroma invasion at hysterectomy was seen in 20 of 266 patients, 17 of 20 had additional deep myometrial involvement, and in 8 of 20 the tumors were unfavorable.
Cervical involvement was not possible to evaluate or cervical involvement was not evaluated on non-expert-TVS (n = 48) or on hysteroscopic cervical biopsies (n = 1). No
patients had suspected cervical involvement on non-expert-TVS or MRI without suspect deep myometrial involvement.
There were significant differences in disagreement between final histopathology at hysterectomy and on non-expert-TVS (11.5 %) vs. MRI (7.4 %) vs. hysteroscopic cervical
biopsy (3.2 %) (p = 0.007, chi2). MRI vs hysteroscopic cervical biopsy (p = 0.07, chi2).
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Discussion

In this study, transvaginal ultrasound performed by experi-
enced investigators (expert-TVS) was comparable with MRI, while
TVS at first examination (non-expert-TVS) undertaken by super-
vised obstetrics and gynecology residents had an overall lower effi-
ciency (AUC) for identification of high-risk cancer. However, the
sensitivity of non-expert-TVS was higher than expert-TVS and
MRI because non-experts were instructed to classify uncertain
cases as possible high-risk cancer. Thus, non-expert-TVS has the
advantage of having a high sensitivity to identify high-risk women.
Risk evaluation based solely on non-expert-TVS is a simple, low-
cost technique that spares SLND in 65.2 % of low-risk patients in
exchange for a low failure rate (6.2 %) to identify high-risk cancer.

A more optimal procedure would be to refer women with pos-
sible high-risk cancer on non-expert-TVS to an expert sonographer
or MRI to ensure a more correct selection of women for SLND.
Addition of MRI when deep myometrial involvement was sus-
pected on non-expert-TVS (algorithm D) correctly classified most
women (89 %) according to risk group. This setup decreased the
need for MRI in 39 % of the patients and increased efficiency, but
unfortunately slightly reduced the sensitivity (85.9 %) and thereby
slightly fewer high-risk patients were identified as high-risk. LND
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may be needed in patients not identified as high-risk before pri-
mary surgery, where SLND could have been performed. However,
a simple hysterectomy procedure instead of SLND in low-risk
women identified by means of algorithm D seems to be cost effec-
tive compared to SLND in all women. The extra cost of subsequent
LND in (6%) not identified high-risk patients and MRI in 39 % of
patients is much lower than the savings with hysterectomy with-
out SLND in identified low-risk women (41.4 %). A cost-
effectiveness analysis included lymphedema treatment for 3 years
and demonstrated higher cost effectiveness of SLND compared to
LND [26]. Based on information in this analysis the total calculated
saving of algorithm D compared to SLND in all women could be
705 Euros per cancer patient and overall lymphedema risk could
be reduced (appendix C). Another cost-effectiveness study on
grade 1�2 endometrioid tumors included, cost of lymphedema
treatment for 10 years [27]. The calculated savings by selection
of SLND based on algorithm D were comparable in the two studies
[26,27]. Price and lymphedema reduction depends on many fac-
tors, but in settings with limited resources, this low-cost simple
but effective setup to identify high-risk women is advantageous.

In non-expert-TVS, a low cutpoint was used where only a clear
image without any suspected deep involvement was classified as
myometrial involvement <50 %. A more exact estimation of



Table 5
Comparison of preoperative diagnosis of high-risk endometrial cancers based on preoperative tumor histology (Non-endometrioid tumors or grade 3 endometrioid) or high-risk
imaging (myometrial involvement (MI) �50 %) on non-expert-TVS (A), expert-TVS (B), MRI (C), or a combination of MRI and TVS (D–F).

Preoperative unfavorable tumor
histology AND:

AUC % 95 %CI Sens % 95 %CI Spec % 95 %CI PPV % 95 %CI NPV % 95 %CI LR+ 95 %CI LR� 95 %CI

Imaging technique
(A) Non-expert-TVS 79.5 75– 84 93.8 88–97 65.2 57– 73 71.4 64–78 91.8 85–96 2.7 2.1–3.4 .096 .05–.19
(n = 266) 120/128 90/138
(B) Expert-TVS 85.5 80–91 84.4 74–92 86.5 79–92 81.3 71–89 88.9 81–94 6.3 3.9– 10.1 .180 .11–.31
(n = 188) 65/77 96/111
(C) MRI 85.4 80– 91 89.6 82– 95 81.2 70–90 88.0 80–93 83.6 73–92 4.8 2.9– 7.8 .128 .07 –.23
(n = 175) 95/106 56/69

Combinations of imaging techniques
(D) Non-expert-TVS and MRI if MI � 50 %

at non-expert-TVS
88.6 85–93 85.9 79–91 91.3 85–95 90.2 83–95 87.5 81–92 9.9 5.7–17 .154 .10–.24

(n = 266) 110/128 126/138
(E) MRI AND expert-TVS if MRI was

not performed
86.7 82– 91 85.7 78–92 87.7 81– 93 87.2 80–93 86.3 79– 92 7.0 4.3–11.3 .163 .10–.25

(n = 241) 102/119 107/122
(F) Expert-TVS OR MRI 85.9 82–90 89.1 82–94 82.8 75–89 83.5 76–90 88.6 81– 94 5.2 3.5– 7.7 .132 .08–. 22
MI � 50 % by either MRI OR expert-TVS
(n = 241) 106/119 101/122

Preoperative algorithms (A–D) were evaluated on the basis of histopathology after final operation as reference standard. Preoperative high-risk was defined as.
unfavorable tumors or high-risk imaging on non-expert-TVS (A), expert-TVS (B), and MRI (C); unfavorable tumors or high-risk imaging on MRI if MI� 50 % on non-expert-TVS
(D); unfavorable tumors or high-risk imaging on MRI or on expert TVS if MRI was not performed (E); unfavorable tumors or high-risk imaging on either MRI or expert-TVS (F).
In 122 women examined using all techniques, algorithm A had a lower AUC (68.2 %) than B (AUC: 84.1 %), C (AUC: 83.5 %), D (86.1 %), E (AUC: 83.5 %) and F (AUC: 81.4 %) (p <
0.001). Algorithm A had higher sensitivity than algorithms C (p = 0.002) (McNemar’s test). In 241 women examined by either expert-TVS or MRI, algorithm A had lower AUC
compared to algorithms D, E, and F (p < 0.001). There was no significant difference in AUCs between algorithms D, E, and F. Algorithm A had higher sensitivity than algorithms
D (p = 0.002) and E (p = 0.007) (McNemar’s test).

Fig. 4. This figure displays the ROC curve for preoperative diagnosis of high-risk. The ROC area for 241 women who underwent either expert-TVS or MRI (algorithm E) are
compared to non-expert TVS (algorithm A) and non-expert-TVS with addition of MRI if MI > 50 % (algorithm D). Non-experts used a high cutoff and categorized all unclear
findings as high-risk.Thereby A had a higher sensitivity (95 % CI): 95 % (89–98) than algorithms D: 86.6 % (79–92) and E: 85.7 % (78–92) (p < 0.007), but much lower specificity
A: 60.7 % (51–69); D: 90.2 % (83–95); E: 87.7 % (81–93); and F:82.8 % (75–89) and area under the curve (AUC) (p < 0.001). Sensitivity of algorithm F:89.1 % (82–94) was not
significantly different from A.
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myometrial involvement, i.e. a higher cutpoint, was applied on
expert-TVS and MRI, decreasing sensitivity and increasing speci-
ficity. Trained image specialists use a cutpoint with an almost
equal sensitivity and a specificity of 70–80 % for evaluation of
myometrial involvement [28]. In a SLND setup, high-risk women
not identified preoperatively may undergo additional lym-
187
phadenectomy instead of SLND, which may increase morbidity
[15]. Thus, introduction of SLND induces a need for a change in cut-
points for image evaluation of myometrial involvement to increase
sensitivity at the expense of specificity.

The strength of this study is the implementation of the
described setup in a general gynecologic setting at a university
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clinic and the use of a combination of various techniques common
in everyday clinical practice. Imaging investigators were blinded to
each technique. Only a few dedicated MRI specialists evaluated
MRI. TVS was performed by several examiners, mimicking every-
day clinical practice. Experts (either expert-TVS or MRI) had AUC’s
at the same level and included 241 of 266 women. However, sub-
group results of expert-TVS and MRI may not be representative for
the whole study group. As in other studies comparing different
techniques [8,11,29], several patients were not examined by all
techniques. These women had most often serious comorbidity
requiring individualized management. They were included in our
analysis of specific techniques to reduce selection bias.

As described in other studies [7,30], both TVS and MRI had a low
efficiency for the diagnosis of cervical involvement; however, the
efficiency of hysteroscopic cervical samples was acceptable. Impor-
tantly, only 3–4 % of women with endometrial cancer have cervical
involvement without deep myometrial involvement [31]. Conse-
quently, addition of procedures like hysteroscopic cervical samples
may seldom be relevant.

The preoperative diagnostic accuracy of myometrial involve-
ment by expert-TVS and MRI was similar to that reported in
meta-analyses [6,32,33], adding to the limited evidence for an
equal efficiency of TVS and MRI [6,33]. We included cases with
high-risk histology to compare results to prior studies [6,33], and
exclusion of preoperative non-endometrioid or grade 3 tumors
did not noticeably change results. However, preoperative risk clas-
sification includes both preoperative samples and imaging. In this
study, preoperative sampling correctly identified 91 % of grade 3
endometrioid or non-endometrioid tumors [24], comparable with
other studies [34,35].

Two studies, one a multicenter study in 1538 patients [28], have
predicted high-risk using preoperative samples and TVS and
reported accuracies of 80 % [28] and 78 % [35]. The same level of
accuracy is reported in MRI studies (80–83 %) [11,36]. In our study,
non-expert-TVS at first visit combined with MRI had higher accu-
racy (89 %), which motivates further investigation of this setup.
Conclusion

In this study, preoperative tumor histology with addition of
expert-TVS and MRI had similar and high efficiency for the diagno-
sis of high-risk women. Non-expert-TVS had lower AUC values, but
classified all unclear myometrial involvement �50 %, and thereby
only misdiagnosed 6.2 % of high-risk cases. Overall, non-expert-
TVS combined with MRI when myometrial involvement was �50
% on non-expert-TVS was a simple and effective method to identify
low- and high-risk cancer and select patients for SLND.
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Appendix A

Surgical strategy during the study

Multidisciplinary conference (MDT)
The final surgical strategy was decided upon at a MDT based on

the total preoperative classification of low-risk, intermediate, and
high-risk. In the study period, algorithm E was used. Algorithm E
implied that the first priority of myometrial involvement was on
MRI; if MRI was not performed, the second priority was expert-
TVS. Non-expert-TVS was used when MRI or expert-TVS was not
performed (n = 25). Women with high-risk tumors and women
preoperatively falsely evaluated and treated as low-risk tumors
were offered lymph node dissection (LND). However, women with
serious comorbidity were not offered LND if unsuitable for postop-
erative adjuvant therapy

Non-Expert-TVS
Eight women with high-risk cancer were preoperatively falsely

evaluated as low-risk cancer on non-expert-TVS. At final
histopathology, the ESMO/ESTRO/ESGO (European Society for
Medical Oncology/European Society for Radiotherapy & Oncol-
ogy/European Society of Gynaecological Oncology) risk groups of
these 8 women were as follows.

Six women were in the intermediate risk group (5 stage 1b grade
1–2 without LVSI, one stage 1a grade 3), and 2 were in the high-
intermediate group (stage 1b grade 1–2 with LVSI).

Only 3 (the 2 in the intermediate high-risk group and 1 stage 1b
grade1) of these 8 preoperatively understaged patients underwent
a subsequent LND, and none were upstaged based on LND. Of the 8
patients, 1 did not want LND, 1 had myometrial involvement of
<55 %, and 3 had serious comorbidity where LND would have no
treatment consequence.

Algorithm E
In the study period, algorithm E was used to select women for

LND. Non-expert-TVS was used in 25 patients without MRI or
expert-TVS. Altogether 110 of 128 high-risk cancers (18 preopera-
tively understaged) and 124 of 138 low-risk cancers (14 over-
staged) were identified preoperatively.

In 10 of 18 preoperatively understaged patients (algorithm E),
LND was not performed due to comorbidity (n = 7) or myometrial
involvement <55 % (n = 3). Two were upstaged intraoperatively
(st3b and st3c) and only 6 of the 18 had a subsequent LND. Two
of these 6 women were upstaged to stage 3c.

Understaged patients (n = 18) were distributed as follows in final
ESMO/ESTRO/ESGO risk groups:

� Intermediate risk group (n = 10):

(9 stage 1b gr1–2 without LVSI, 1 stage 1a grade3 without lym-
phovascular space invasion (LVSI). Two of these 10 had secondary
LND).

� High-intermediate risk group (n = 4):

One stage 2 gr1 without LVSI, 3 stage 1b gr1�2 with LVSI. Two
of these 3 had secondary LND.

http://10.1016/j.ejogrb.2021.05.041
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� High risk group (n = 4):

Two grade 1–2 tumors and one mucinous tumor without LVSI
were upstaged to stage 3c (one planned intraoperative) – one
grade 2 tumor with LVSI was intraoperatively upgraded to stage
3b.

In addition, only 9 of the 14 overstaged patients in algorithm E
had unnecessary LND, comorbidity being the reason in 5. In algo-
rithm D, 7 of the 12 overstaged patients had unnecessary LND.
Thus, only 15 (5.6 %) of 266 women were not correctly referred
to LND based on algorithm E.
Appendix B

In this appendix only cancer, not atypia is included (n = 239)
Table B1, Table B2
Table B1
Appendix B. Diagnosis of deep myometrial invasion on ultrasound at first visit (non-expert
and MRI.

AUC % 95 %CI

Non-expert-TVS (A) 72.1 67–77
n = 239
Expert-TVS (B) 78.6 72–85
n = 168
MRI (C) 76.3 70–83
n = 167
TVS + MRI (50 %) (D) 79.3 74–85
n = 239
TVS + MRI (G) 80.6 75–86
n = 239

AUC (area under the curve); Sens (sensitivity); Spec (specificity).

Table C1
appendix C. Lymphedema rate has been estimated to be 7% after SLND and 20 % after LND
combined with MRI if MI was estimated �50 % (algorithm D) for selection of SLND. In algo
with bilateral salpingectomy was offered all identified low-risk patients. Additional LND h

Low-risk 50 % of patients High-ris

Low-risk not identified N (%) Low-risk identified N (%) High-ris

SLND all women 0 35 0

LND all women 100

Algorithm D
SLND (9%)
LND (14 %)
Algorithm D total 3.15 14.0

Table B2
Appendix B. Preoperative diagnosis of high-risk endometrial cancers (unfavorable tumor
histology and non-expert-TVS, expert-TVS, MRI, or a combination of MRI and TVS.

AUC % 95 %CI

Non-expert-TVS (A) 77.5 73–83
n = 239
Expert-TVS (B) 84.5 79–90
n = 168
MRI (C) 84.2 78–90
n = 167
Non-expert-TVS + MRI (50 %) (D) 87.6 83–92
n = 239
TVS + MRI (G) 86.7 82–94
n = 239
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Appendix C

Cost effectiveness

Cost effectiveness of algorithm D
We used the calculated prices and lymphedema rates according

to Suidan [26]. Reported rate of lymphedema after LND vary from 3
to 38% and was calculated to be 20 % after LND [26]. Rate of lym-
phedema after SLND was calculated to be 5% after sentinel lymph
node dissection (SLND) [26,27]. A few studies have reported lower
lymphedema rates after SLND [15,19]. Based on the Memorial
Sloan Kettering algorithm for SLND, a side-specific pelvic LND is
performed, if no mapping occurs on a hemi-pelvis. A 15 % unilat-
erale and 5% bilateral failure rate has been reported [14]. Conse-
quently, a contralateral side-specific LND is performed in 15 %,
and 5% require a bilateral LND. Therefore, the risk of lymphedema
-TVS), experienced ultrasound examiners (expert-TVS), MRI, and combinations of TVS

Sens % 95 %CI Spec % 95 %CI

88.3 80–94 55.9 47–64
83/94 81/145
76.8 64–87 80.4 72–87
43/56 90/112
79.5 69–88 73.0 63–82
62/78 65/89
74.5 64–83 84.1 77–90
70/94 122/145
79.8 70–87 81.4 74–87
75/94 118/145

[26]. The rate of lymphedema was calculated by preoperative use of non-expert-TVS
rithm D, SLND was selected in all identified high-risk patients, and only hysterectomy
ad to be performed in all high-risk patients not identified.

k 50 % of patients Lymphedema: cases per 1000

k not identified N (%) High-risk identified N (%)

35 70

100 200

(86 %)

30.1 47.25

type or grade 3 endometrioid) or stage 1b–stage 4) based on preoperative tumor

Sens % 95 %CI Spec % 95 %CI

93.8 88–97 61.3 52–70

84.4 74–92 84.6 76–91

89.6 82–95 78.7 66–88

85.9 79–91 89.2 82–94

85.9 79–91 87.4 80–93



Table C2
Appendix C. Calculated price difference of SLND in all 239 cancer patients compared to preoperative use of non-expert-TVS and non-expert-TVS combined with MRI if MI was
estimated �50 % (algorithm D). Results from non-expert-TVS and algorithm D indicated selection of hysterectomy in identified low-risk patients instead of SLND and LND instead
of SLND in not-identified high-risk patients [26].

Calculated prices according to Suidan [26] Price difference Euros per
patient

Percent of cancer
patients

Total
Euros

Preoperative use of non-expert-TVS combined with MRI if MI was estimated �50 %

(algorithm D)
Hysterectomy with frozen section instead of SLND 2116 41.4 % 877
LND instead of SLND �834 6% �50
MRI in 39 % �313 39 % �122
Total difference per cancer patient 705

Non-Expert TVS
Hysterectomy instead of SLND 2116 26.4% 559
LND instead of SLND �834 3.3% �27
Total difference per cancer patient 532

Non-expert-TVS (Transvaginal ultrasonography by obstetrics and gynecology resident); LND (Lymph node dissection); MRI (Magnetic resonance imaging); MI (Myometrial
involvement); SLND (Sentinel lymph node dissection).

Table C3
Appendix C. Calculated price difference of SLND compared to preoperative use of non-expert-TVS and non-expert-TVS combined with MRI if MI was estimated �50 % (algorithm
D). Calculations include 175 preoperative diagnosed cancer patients with grade 1-2 endometrioid tumors. Results from non-expert-TVS and algorithm D indicated selection of
hysterectomy in identified low-risk patients instead of SLND and LND instead of SLND in not-identified high-risk patients.

Calculated prices according to Burg [27] Price difference Euros per
patient

Percent of grade 1�2 endometrioid
tumors

Total
Euros

Preoperative use of non-expert-TVS combined with MRI if MI was estimated �50 %

(algorithm D)
Hysterectomy with frozen section instead of SLND 2551 56.6% 1444
LND instead of SLND �3470 9% �312
MRI in 55 % �313 55 % �173
Total difference per cancer patient with grade 1�2 endometrioid tumors 959

Non-Expert TVS
Hysterectomy with frozen section instead of SLND 2551 38.9% 992
LND instead of SLND �3470 4.0% �139
Total difference per cancer patient with grade 1�2 endometrioid tumors 853

Non-expert-TVS (Transvaginal ultrasonography by obstetrics and gynecology resident); LND (Lymph node dissection); MRI (Magnetic resonance imaging); MI (Myometrial
involvement); SLND (Sentinel lymph node dissection). We re-calculated costs without vaginal brachytheraphy and external beam radiation treatment. Cost including
lymphedema treatment was re-calculated to be: Hysterectomy: 1662 Euros; SLND 4213 Euros and LND 7682 Euros.
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is adjusted to be 7% after SLND [26]. Two studies reported risk of
lymphedema to be 2.5 and 1.9 times higher after LND compared
to SLND [16,17] and supported a calculated lymphedema rate of
7% after SLND compared to 20 % after LND (Table C1 Appendix C).

In low-risk women, a simple hysterectomy with frozen section
instead of SLND is calculated to reduce the cost by 2116 Euros per
patient (Table C2 Appendix C), with an extra cost of 834 Euros for
addition of LND instead of SLND per each failure to identify high-
risk patients suitable for SLND [26].

We calculated the increased price for MRI in 39 % of the patients
to be 313 Euros per patient.

Correct identification of the low-risk patients would result in a
price reduction of 2116 Euros per patient. In high-risk patients not
correctly identified, LND had to be undertaken instead of SLND,
with an increased cost of 834 Euros per patient. In total, selection
of SLND based on algorithm D generated a calculated savings of at
least 705 Euros per patient and reduction of lymphedema from 7%
to 5% compared to the alternative of a SLND procedure in all
patients. Table C3 Appendix C include patients with grade 1�2
endometrioid tumors and calculations are based on a Dutch cost-
effective study including lymphedema treatment for ten years
[27]. The calculated savings were comparable in the two studies
[26,27].
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