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Abstract

Objective The aim of this study is to prospectively eval-
uate and compare the accuracy of high-frequency TVS and
of two type of MRI (dynamic contrast-enhanced MRI or
diffusion-weighted MRI), in association with HE4 in pre-
operative endometrial cancer (EC) staging.

Study design Starting from January 2012 to February
2015, all patients with EC at prior endometrial biopsy,
referred to the Division of Gynaecologic Oncology of the
University Campus Bio-Medico of Rome, were prospec-
tively included in the study. All of them underwent com-
plete surgical staging hysterectomy and bilateral
oophorectomy, pelvic and lumboaortic lymphadenectomy,
according to 2011 NCCN guidelines. The day before sur-
gery, patients underwent to transvaginal ultrasonography
(TVS), HE4 serum dosage, and using a computer-based
random procedure, to dynamic contrast-enhanced MRI
(Group A) or to diffusion-weighted MRI (Group B), to
assess myometrial invasion and cervical involvement.
Results Starting from January 2012 to February 2015, a
total of 79 patients were considered for the analysis and
randomly divided into Group A (n = 38) and Group B
(n = 41). Regarding myometrial invasion, MRI and TVS
resulted comparable in terms of preoperative detection.
Concerning the cervical infiltration, the association
between TVS and HE4 is characterized by a better
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preoperative diagnostic validity (TVS + HE4 96.3 vs.
91 % for MRI and 85 % for the TVS).

Conclusion Our results, even the low number of enrolled
patients, are promising and may lead to a greater efficiency
and lower health care costs in identifying those women
who require radical surgery and pelvic lymphadenectomy
and should be addressed, in specialized centers.

Keywords Endometrial cancer - Ultrasound - Magnetic
resonance - HE4 - Preoperative staging

Introduction

Endometrial carcinoma (EC) is the most common gynae-
cologic malignancy and the seventh neoplasia worldwide,
with the highest incidence in North America and Europe
[1, 2].

Considering that clinical staging results incorrect in over
20 % of cases, EC is staged according to a surgical system,
including hysterectomy, bilateral adnexectomy, peritoneal
washing cytology and lymphadenectomy [3].

Careful preoperative evaluation is essential, as women
with EC surely would benefit from being addressed in
gynecologic oncology centers of excellence for treatment;
this would optimize the costs of health care and the like-
lihood of making a complete surgical staging and an
optimal surgical treatment.

In particular, an accurate preoperative staging of disease
would assist in planning the optimal course of treatment.
For example, the ability to distinguish between patients
with a myometrial invasion superior or inferior of 50 %
(FIGO Stage TA vs. Stage IB), would allow the identifi-
cation of those women who may or may not need lym-
phadenectomy, and thus might require a higher level of
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surgical expertise. Furthermore, tumor extension to the
cervical stroma (Stage II) warrants radical hysterectomy
and knowledge of this condition could help in planning the
required surgery. This issue is becoming even more rele-
vant as less invasive surgical techniques, such as laparo-
scopy, are emerging as alternative procedures [4—11].

Several techniques have been studied as preoperative
tools for EC staging. Magnetic resonance imaging (MRI),
computed tomography (CT) and transvaginal sonography
(TVS) have all been proven to be accurate in the assess-
ment of depth of myometrial infiltration [12].

In particular, it has been demonstrated that contrast-
enhanced MRI performs better than helical CT in the
preoperative EC staging [13]. However, MRI is expensive,
time consuming and has limited availability, so that it may
be not appropriate for all patients.

A handful of relatively small-scale prospective studies
have compared the diagnostic accuracy of TVS and MRI in
the preoperative local staging of endometrial cancer with
conflicting results. The sensitivity of these techniques in
identifying the myometrial infiltration is reported as 91 %
for MRI with contrast, 83 % for MRI without contrast, 85 %
for TVS and 79 % for CT. However, there has been no
prospective comparison of the accuracy of TVS compared to
MRI in the assessment of cervical invasion [14-16]. How-
ever, the few retrospective studies report sensitivity in
identifying cervical involvement of 79 % for MRI with
contrast and 93 % for TVS). For this reason, the use of fur-
ther clinical methods that may increase the diagnostic power
of these imaging techniques is desirable [17, 18].

The role of tumor markers in EC is still debated. CA15-
3 and CA125 have been found to be elevated in only 36 %
and 24.6 % of EC patients, respectively. Human epi-
didymis protein 4 (HE4) is a novel tumor marker emerging
in EC management [19-24].

Currently, only few studies in literature investigated the
role of HE4 in the staging of endometrial cancer, sug-
gesting that HE4 may be a useful preoperative tool
[25-27].

Thus the challenge to find an effective preoperative tool
for endometrial cancer diagnosis and staging is still open.
In this prospective study, we evaluated and compared the
accuracy of high-frequency TVS and of two type of MRI
(dynamic contrast-enhanced MRI or diffusion-weighted
MRYI), in association with HE4 in preoperative EC staging.

Materials and methods
Starting from January 2012 to February 2015, all patients
with endometrial cancer diagnosed at prior endometrial

biopsy, referred to the Division of Gynaecologic Oncology
of Campus Bio-Medico University of Rome, were
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prospectively included in the study. The institutional
internal review board approved the study.

Inclusion criteria for enrollment were as follows: (1) age
between 18 and 80 years; (2) Eastern Cooperative Oncol-
ogy Group performance status 0-2 according to World
Health Organization criteria; (3) informed consent obtained
from the patients.

Exclusion criteria included: (1) abnormal cardiac,
hematological, renal, respiratory, and/or hepatic functions;
(2) presence of a secondary malignancy; (3) concomitant
benign and/or malignant adnexal pathologies, (4) claus-
trophobia, (5) any mental illness.

All patients underwent complete surgical staging which
consisted of hysterectomy, bilateral oophorectomy, pelvic
and lumboaortic lymphadenectomy, according to 2011
NCCN guidelines.

According to our protocol, a detailed anamnesis was
taken for each patient, recording: age, parity, menarche,
Body Mass Index (BMI), comorbidities and previous
medical history.

The day before surgery, transvaginal ultrasonography
(TVS) was performed to all patients with a commercially
available machine, GE Voluson E8, using a 7.5 MHz vaginal
probe. At TVS, The uterus was scanned in the sagittal plane
from cornu to cornu and in the (oblique) transverse plane
from the cervix to the fundus. Having established an over-
view of the whole uterus, the image was magnified to contain
only the uterine corpus. We defined the tumor mass in the
sagittal plane, and we measured the tumor/uterine AP ratio at
the point where we found the deepest myometrial invasion.
We chose to use the tumor/uterine AP ratio to describe tumor
size, instead of endometrial thickness or the tumor/uterine
ratio of the 3D volume, because we found that this was the
best objective parameter related to tumor size to predict
myometrial invasion according to receiver-operating char-
acteristics (ROC) curves. In fact, the area under the curve
(AUC) tumor/uterine ratio, endometrial thickness and
tumor/uterine ratio of the 3D volume resulted 0.79, 0.74 and
0.77, respectively. Invasion of the cervix (Stage II) was
evaluated using B-mode sonography when the neoplastic
tissue extended caudally merging with the endocervical
mucosa. A slight pressure applied to the transvaginal probe
often allowed the sonographer to differentiate between mere
protrusion of the endometrial tissue to the cervical canal and
true infiltration of the endocervical mucosa.

Using a computer-based random procedure, all patients
preoperatively underwent to dynamic contrast-enhanced
MRI (Group A) or to diffusion-weighted MRI (Group B),
to assess myometrial invasion and cervical involvement.

Atour institution, the MRI studies are performed on a 1.5-
T magnet (Signa Excite; GE Healthcare, Waukesha, Wis)
with an eight-channel cardiac array coil. All imaging study is
performed with the patient supine. Axial, axial oblique and
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sagittal fast recovery fast spin echo T2-weighted images and
axial T1-weighted images of the pelvis are obtained. All
axial oblique images are obtained in a plane perpendicular to
the endometrial cavity [5, 12, 14].

Sagittal and axial oblique diffusion-weighted MRI of the
pelvis is performed with b values of 0, 500 (sagittal), and
800 (axial oblique) s/mm?>.

Dynamic contrast-enhanced MR images are obtained
with a three-dimensional gradient recalled echo TI1-
weighted LAVA (liver acquisition volume acceleration)
sequence (GE Healthcare) after the administration of
0.1 mmol/kg of gadolinium at a rate of 2 mL/s [5, 12, 14].

Images are acquired prior to contrast injection and then
during multiple phases of enhancement in both sagittal and
axial oblique planes (sagittal: 25 s, 1 min, and 2 min after
injection; axial oblique: 4 min after injection). The day
before surgery, blood samples were obtained for HE4
dosage. All sera were acquired following a standard collec-
tion protocol. Briefly, samples were collected in a red top
vacutainer, clotted 60-90 min and centrifuged for 10 min at
1300x g.

Serum fractions were aliquoted and stored at —80 °C
until analysis. HE4 levels were determined using the HE4
EIA assay (Fujirebio Diagnostics). The HE4 EIA is a solid
phase, noncompetitive immunoassay based upon the direct
“sandwich” technique using two monoclonal antibodies, 2
HS5 and 3D8, directed against two epitopes in the CWFDC
domain of HE4. During the enzyme reaction, a blue color
developed if the antigen was present. The intensity of the
color was directly proportional to the amount of HE4
present in the samples.

Patients were included in the study only if both physi-
cians, performing TVS and MRI, could give an unequiv-
ocal opinion on myometrial and cervical infiltration by the
neoplasm. The sensitivity, specificity, positive (PPV) and
negative (NPV) predictive values, and accuracy for MRI,
TVS and HE4 in assessing the depth of myometrial inva-
sion and eventual extension to the cervix were calculated,
with histological diagnosis as the ‘gold standard’. All
continuous data were expressed as mean and SD. Calcu-
lation of sensitivity, specificity, PPV, NPV was performed
for the three features. Significance was set at the P < 0.05
level in all analyses. Statistical analysis was performed
using software Medcalc © statistical software ver. 12.4.0.0
in stepwise mood.

Results

Starting from January 2012 to February 2015, 89 patients
have been enrolled and randomized. Six patients were
excluded for suffering of claustrophobia during MRI pro-
cedure and four were excluded for being not completely

staged. Therefore, a total of 79 patients, divided into Group
A (n = 38) and Group B (n = 41), were considered for the
analysis (Fig. 1).

Clinical, ultrasound and operative patient’s characteris-
tics are illustrated in Table 1.

Homogeneity of the two sets was assessed and no sig-
nificant differences were observed in the features of the
two randomized case series regarding age, HE4 levels and
FIGO stages. In Group A, the diagnostic performances of
TVS and dynamic contrast-enhanced MRI in predicting
myometrial involvement are summarized in Table 2.

The depth of myometrial infiltration was correctly
assessed by TVS in 35/38 cases (92.1 %), overestimated in
one case (3 %) and underestimated in two (7 %). Dynamic
contrast-enhanced MRI correctly assessed myometrial
infiltration in 31/38 cases (81.6 %), overestimated it in 3
(8 %) and underestimated it in 4 (10 %). Results of the
different combinations of these techniques (even along
with HE4) are reported in Table 2.

Concerning cervical involvement, TVS and MRI results
are reported in Table 3. It was correctly assessed by TVS in
35/38 cases (92.1 %), overestimated in one case (3 %) and
underestimated in two (7 %). Dynamic contrast-enhanced
MRI correctly assessed cervical involvement in 29/38
cases (76.3 %), overestimated it in 6 (16 %) and underes-
timated it in 3 (8 %). Results of the different combinations
of these techniques (even along with HE4) are reported in
Table 3.

In Group B, the diagnostic performances of TVS and
diffusion-weighted MRI in predicting deep myometrial
involvement are summarized in Table 4.

The depth of myometrial infiltration was correctly
assessed by TVS in 39/41 (95.1 %) cases, never overesti-
mated and underestimated in two (5 %). Diffusion-weigh-
ted MRI correctly assessed myometrial infiltration in 35/41
cases (85.4 %), overestimated it in 1 (2 %) and underes-
timated it in 5 (12 %). Results of the different combina-
tions of these techniques (even along with HE4) are
reported in Table 4.

Concerning cervical involvement, TVS and MRI results
are reported in Table 5. Cervical involvement was cor-
rectly assessed by TVS in 40/41 cases (97.6 %), never
overestimated and underestimated in one case (2 %). Dif-
fusion-weighted MRI correctly assessed cervical involve-
ment in 35/41 cases (85.4 %), overestimated it in 4 (9 %)
and underestimated it in 2 (5 %) Results of the different
combinations of these techniques (even along with HE4)
are reported in Table 5.

Mean HE4 levels for all 79 patients was 119.4 pmol/L.
In our population, based on ROC curve, we found that the
HE4 value of >63 pmol/L is the best cut-off to indentify
patients with myometrial invasion >50 % with a sensi-
tivity of 79.2 %, a specificity of 74.2 % (PPV = 82.6 %

@ Springer



1294

Arch Gynecol Obstet (2016) 294:1291-1298

Fig. 1 Flow chart

PATIENTS SUITABLE FOR ANALYSIS

N=89
EXCLUDED: N=6
o - CLAUSTROPHOBIA
L5 EXCLUDED: N=4
- ECOG=2
ASSESSED FOR ANALYSIS
N=79
v v
GROUPA GROUPB
N=38 N=41
charseteristics of entlled Group A Group B Overal
patients n 38 41 79
BMI 22+1.3 24 £ 1.6 23+ 1.5
Age 55 (45-75) 53 (47-78) 54 (46-78)
Median (range)
HE4 (pmol/L) 1194 + 21.3 150 4+ 23.7 129.2 £ 224
Mean £ SD
FIGO stage
1 26 (68.5 %) 32 (78 %) 58 (73 %)
I 7 (18.5 %) 6 (15 %) 13 (17 %)
1 4 (10.5 %) 2 (5 %) 6 (7 %)
1\Y 125 %) 12 %) 33 %)
Histology
Endometrioid adenocarcinoma 12 %) 2 (4.8 %) 3 (3.8 %)
Non-endometrioid carcinoma 37 (98 %) 39 (95.2 %) 76 (96.2 %)

and NPV = 69.7 %). Concerning cervical involvement,
we found that the HE4 value of >108 pmol/L is the best
cut-off to identify patients stage I with a sensitivity of
76.2 %, a specificity of 77.6 % (PPV =55.2 % and
NPV = 90 %).

Discussion

EC treatment and prognosis are influenced by prognostic
factors, such as the depth of myometrial infiltration, the
extension to the cervix and the presence of lymph node
metastases. This consolidated the view that an appropriate
knowledge of the extension of the local-regional tumor
disease can affect the survival (70-80 % at 5 years)
[28, 29].

The preoperative knowledge of prognostic factors can
also widely influence the treatment at choice, sometimes
requiring a more radical surgical approach to improve
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the prognosis (disease- free survival of 72 % at 5 years)
[30, 31]. On the other hand, considering that lym-
phadenectomy (pelvic and paraaortic) has no therapeutic
role in EC but merely diagnostic/prognostic (as it per-
mits an accurate staging of the patient), and considering
that it can lead to a series of complications (such as
lymphedema) that may seriously impact on patient’s
quality of life, to avoid overtreatment, international
guidelines suggests that it can be spared, or at least
tailored, in cases at low-risk for nodal metastasis (<50 %
myometrial invasion, tumor <2 cm, G1/G2 histology).
For this reason, finding a diagnostic tool that is able to
preoperatively identify these patients would be of great
benefit in avoiding overtreatment. Unfortunately, there
are no standardized techniques for preoperative evalua-
tion that have adequate sensitivity and specificity in
predicting a state of advanced disease, and besides, there
are no guidelines or algorithms to be used in the pre-
operative evaluation of EC.
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Table 2 Myometrial

involvement, TVS and dynamic Histology: myometrial infiltration Sensitivity (%) Specificity (%) PPV NPV
contrast-enhanced MRI (Group >50 % <50 % Total
A
: TVS
>50 % 12 1 13 85.7 95.8 92.3 % 92 %
<50 % 2 23 25
Total 14 24 38
MRI traditional
>50 % 10 3 13 71.4 87.5 76.9 % 84 %
<50 % 4 21 25
Total 14 24 38
Combination of TVS and dynamic contrast-enhanced MRI
92.8 95.8
Combination of TVS and HE4
87.5 95.8 93.3 % 92 %
Combination of dynamic contrast-enhanced MRI and HE4
85.7 95.8 92.3 % 92 %
Combination of TVS, dynamic contrast-enhanced MRI and HE4
100 95.8 933 % 100 %
;i‘,‘;‘eag f S;;Vaﬁlc ‘:(‘)’r‘l’t]r‘;;‘_‘em’ Histology: cervicalinvolvment Sensitivity (%)  Specificity (%) PPV (%) NPV (%)
enhanced MRI (Group A) Yes No Total
TVS
Yes 9 1 10 81.8 96.3 90.0 92.9
No 2 26 28
Total 11 27 38
MRI traditional
Yes 8 6 14 72.7 77.8 57.1 87.5
No 3 21 24
Total 11 27 38
Combination of TVS and dynamic contrast-enhanced MRI
90.9 96.3
Combination of TVS and HE4
100 100
Combination of dynamic contrast-enhanced MRI and HE4
100 95.8 933 100
Combination of dynamic contrast-enhanced MRI and HE4
85.7 95.8 92.3 92
Combination of TVS, dynamic contrast-enhanced MRI and HE4
100 96.3 91.6 100

TVS, MRI with and without contrast and CT have been
studied in a recent meta-analysis, which showed that
although the percentages of sensitivity and specificity
indicate a good performance of all the methods, the most
favorable trends were recorded for MRI and TVS. How-
ever, these data remain unsatisfactory as regarding sensi-
tivity in assessing myometrial infiltration (91 vs. 85 %,
respectively, for MRI and TVS) and in evaluating cervical

infiltration (MRI 79 vs. 93 % TVS). For this reason, we
still could not rely on such techniques in the preoperative
evaluation of the patient and in the surgical planning [17]
and the use of other clinical methods that may increase the
diagnostic power is needed.

Basing on our results, HE4 has proved to be useful in
EC staging, as it improves the accuracies obtained for
both MRI and TVS. In fact, the use of tumor marker
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Table 4 Myometrial invasion TVS and diffusion-weighted MRI (Group B)

Histology: myometrial infiltration

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

>50 % <50 % Total
TVS
>50 % 25 0 25 92.3 100.0 100.0 87.5
<50 % 2 14 16
Total 27 14 41
MRI new
>50 % 22 1 23 81.5 92.9 95.7 72.2
<50 % 5 13 18
Total 27 14 41
Combination of TVS and diffusion-weighted MRI
94.1 100.0
Combination of TVS and HE4
96.3 100.0 100.0 93.3
Combination of diffusion-weighted MRI and HE4
97 100.0 100.0 87.5
Combination of TVS, diffusion-weighted MRI and HE4
96.3 100.0 100.0 93.3
Table 5 Cervical involvement, TVS and diffusion-weighted MRI (Group B)
Histology: cervicalinvolvment Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Yes No Total
TVS
Yes 12 0 12 95.3 100.0 100.0 96.6
No 1 28 29
Total 13 28 41
MRI new
Yes 11 4 15 84.6 85.7 73.3 92.3
No 2 24 26
Total 13 28 41
Combination of TVS and
diffusion-weighted MRI
100.0 100.0
Combination of TVS and HE4
100.0 100.0
Combination of diffusion-
weighted MRI and HE4
923 96.4 92.3 96.4
Combination of TVS diffusion-
weighted MRI and HE4
100 100 100 100

seems to compensate the limit of TVS and MRI that are
operator-dependent. Although there are no statistically
significant differences regarding the capacity of the two
techniques associated to HE4 in detecting myometrial
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infiltration, there is an increase of 5 % in sensitivity and
specificity if compared with the ultrasound and about a
12 % for sensitivity and 14 % of specificity with regard
to the MRI.
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Different results are highlighted regarding the cervical
infiltration, in which the association between TVS and HE4
results to be statistically superior.

The combination of these three techniques (TVS, MRI
and HE4) appears to significantly improve the sensitivity
and specificity in detecting myometrial infiltration, but
considering the high costs of MRI, its limited availability,
and sometimes its medical contraindications, the TVS
along with HE4 may be considered the best valid alterna-
tive in EC staging before surgery.

As concerning cervical infiltration, our data show a
better result in terms of sensitivity and specificity if com-
pared to those reported in the literature; in fact, the asso-
ciation between TVS and HE4 is characterized by a really
high preoperative diagnostic validity (TVS + HE4 96.3 vs
91 % for MRI and 85 % for the TVS) [17]. One possible
bias of our study may be represented by the low number of
enrolled patients. However, our results are promising and
may lead to lower health care costs and to a greater effi-
ciency in identifying those women who would require
radical surgery and lymphadenectomy that should be
addressed to highly specialized centers. Moreover, this
association allows a correct staging in patients who cannot
undergo to MRI due to contraindications (claustrophobia,
bearers of a pacemaker, obese, suffering from mental ill-
ness) or due to the reduced accessibility to centers with
adequate devices.

In our study, the association of TVS and HE4 had shown
a good sensibility and specificity in the preoperative EC
evaluation. Using this preoperative diagnostic approach,
we can be able to distinguish between early from advanced
stage disease, avoiding surgical under or overtreatment and
sending the patient to highly specialized center if needed.
Furthermore having the same efficacy of RMI, this diag-
nostic tool can lead to reduced health care costs; moreover,
it can be used in not-specialized center where MRI is not
always available and in cases in which the use of MRI is
contraindicated. Of course further larger studies will be
needed to confirm these encouraging results.
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