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Abstract: Endometrial cancer (EC), the most common among gynaecological malignancies occurs
predominantly after the menopause. The diagnosis is most commonly (in about 75–80%) set up at early stage
when surgical therapy and if necessary postoperative radiotherapy results in an excellent prognosis, with a
90–95% 5-year overall survival (OS) and a locoregional recurrence rates of 4–8%. Accurate preoperative
assessment of the lymph nodes would ideally identify those patients with advanced stage disease, who might
benefit from more extensive surgical procedures and adjuvant therapies. magnetic resonance imaging (MRI),
hysteroscopic excisional biopsy (HEB) and high resolution 2D or 3D ultrasound performed by expert
operator are considered to add valuable information for preoperative staging of EC. The use of biomarkers
could be beneficial in decreasing inter-observer variability between the histology of the diagnostic specimen
and the final operative sample, as well as to avoid overtreatment in a part of the high-grade tumors with
excellent prognosis. The goal of surgical management of EC is to remove the primary tumor and to identify
definite prognostic factors to determine whether adjuvant therapy is required. Extended surgery, including
para-aortic lymphadenectomy has a significant morbidity, and with the future selection of cases it can be
safely avoided, we can decrease complications without compromising oncological safety. In the future, the
importance of hysteroscopy guided sampling may increase to gain a representative sample for biomarker
detection.
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Introduction
Endometrial cancer (EC), as the most common
gynaecological malignancies comprises more than one
in 20 female cancers globally and occurs predominantly
after the menopause (1). The diagnosis is most commonly
set up at early stage, 75–80% of the disease is detected at
International Federation of Gynaecology and Obstetrics
(FIGO) stage I. The results of postmenopausal patients
are even better, whose cancers are strongly associated with
abnormal uterine bleeding (2). Surgical therapy and if
necessary postoperative radiotherapy results in excellent
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prognosis, with 90–95% 5-year overall survival (OS) and
locoregional recurrence rates of 4–8% (3). In advanced cases
OS falling continuously till 20% at EC stage 4. Prognostic
factors are presence of lymph node involvement, histological
type of the tumor (type I and type II cancers), cervical
stroma invasion, the depth of myometrial invasion (MI)
and the grade of the tumor (4). Besides the invasion of the
cervical stroma, according to a recent study, the presence
of (atypical) glandular cells (GC) in the preoperative
cervical smear can be a predictor of local recurrence. The
GC-s are more frequently detected in patients with grade
3 and non-endometrioid tumors (5). Incidence of pelvic
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node involvement differs from 0 up to 20–60%, paraaortic 4 to 10–30% depending on the histological type
and grade of the tumor, as well as the depth of MI (6).
According to ESGO guidelines, and ESMO-ESGOESTRO consensus conference, preoperative assessment of
the tumor is essential: this include imaging [pelvic magnetic
resonance imaging (MRI), abdominal and chest CT], and
preoperative histology. The surgical management should
be based on these findings. PET-CT can also be a useful
tool in detecting retroperitoneal metastases, although it
has a limited sensitivity in intermediate and high-risk early
EC, so it cannot be used as an alternative tool for surgical
staging (7). The standard operation is total hysterectomy
with bilateral salpingo-oophorectomy (BSO), preferably
via endoscopic procedures in low risk cases. Systemic pelvic
and paraaortic lymphadenectomy is recommended in high
risk and can be considered in intermediate risk cases as part
of surgical staging (8,9). Sentinel lymph node biopsy can
be performed as well and—as based on the results of the
FIRES multicentre prospective study—is equally effective
in the detection of metastatic nodes with a sensitivity of
97.2%, and a negative predictive value (NPV) of 99.6% (10).
The SHREC trial (Sentinel lymph node detection in High
Risk Endometrial Cancer) had similar results: the sentinel
lymph node-indocyanine green (ICG) algorithm had a
sensitivity of 98% and a NPV of 99.5% (11). It is important
to note that the sensitivity of sentinel lymph node detection
largely relies on the proper method (preferably ICG as
in the upper cases, or radiocolloid/Tc99m/and color dye
together), and surgical experience to be able to track these
nodes, but as a result it provides the same oncological safety
with much less morbidity compared to systemic lymph node
staging. It is very important to stick to the SLN algorithm
and perform a side specific complete lymphadenectomy
in case of unsuccessful SLN detection or any suspicious
enlarged nodes. It is no longer considered an experimental
technique, and is part of the international guidelines (12).
Lymphadenectomy plays role in identifying patients who
require adjuvant chemotherapy and radiotherapy (13).
Pelvic washings are no longer required for surgical staging,
since the presence of cancer cells in the peritoneal cavity is
a poor prognostic factor (14).
The goal of surgical management of EC is to remove the
primary tumor and to identify definite prognostic factors to
determine whether adjuvant therapy is required. The type
of surgical approach is planned based on the preoperative
impression of stage, which is based on the pretreatment
evaluation (15). Randomized trials have demonstrated
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that minimally invasive approaches to EC staging result
in lower rates of peri- and postoperative complications
than laparotomy, without negatively impacting oncologic
outcomes (6). Total laparoscopic hysterectomy (TLH)
with BSO is an optimal option for most patients (16),
however, in non-specialized centers the management of
stage I EC usually still consists of total hysterectomy and
BSO followed by adjuvant radiotherapy, resulting in a
high rate of morbidity and overtreatment (17). Additional
co-factors (age, BMI, renal, cardiovascular status) should
be taken in account during this preoperative procedure.
In elderly patients possible comorbidities require more
exhaustive preoperative management, but should not result
in undertreatment of their gynecological cancer (18).
Moreover, setting up the strategy of the treatment
could require more disciplines. Multidisciplinary should be
applied because of the diverse postoperative management.
Desire for childbearing, question of gender identity, sexual
problems, awareness of illness, fear of recurrence are
problems that should indicate the contribution of experts in
other medical and non-medical fields, as well (19,20).
Evaluation of endometrium: role of biopsy and
hysteroscopy
During the conventional dilation and curettage (D&C),
in the majority (60%) of the cases histological sample
is obtained from less than half of the uterine cavity is
curetted (21). Thus, curettage is known to miss 50–85% of
focal intracavitary pathology. In 87% of women with focally
growing lesions the entire or parts of the focal lesion was
found to remain undetected in the uterine cavity (22,23).
Endometrial samplings fail in 16–50% of cases (either
technical failure or insufficient material) and in 5–20%
of these cases significant endometrial pathology is found
(24-26). Endometrial sampling (with Pipelle device)
has a similar reliability to curettage, although has a very
limited capacity to identify polyps, and failure of getting
an adequate sample is more frequent (27). Its advantage
compared to curettage, that it can be performed without
anaesthesia. As a non-focal pathology, atypical hyperplasia
is regarded as endometrial (pre) cancer [in 17–52% an
underlying cancer is found at hysterectomy (28)].
Endometrial curettage has been the traditional
management for abnormal uterine bleeding, in hospitals and
under general anesthesia. However, the need for admission
and the risks of perforation and hemorrhage made curettage
unpopular and various endometrial sampling devices were
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Safety

Figure 1 Hysteroscopic image of a polypoid lesion.

developed and used widely, that could be used in an outpatient setting without anesthesia (29).
According to clinical investigations, the effectiveness
of hysteroscopy and targeted biopsy was superior to blind
curettage in obtaining adequate endometrial samples for
histological examination in any kind of uterine lesions
(n=734) (30). In another study hysteroscopy had also better
diagnostic accuracy than curettage, with significantly better
sensitivity and NPV in differentiating benign and malignant
endometrial lesions (n=443) (31). Because of the direct
visualization and the high magnification, hysteroscopy
has higher accuracy for distinguishing between a normal
and an abnormal endometrium, meaning the biopsies
performed can be carried out in a targeted way (32).
Therefore, recently curettage is almost completely replaced
by hysteroscopy as a reference standard (Figure 1), both in
clinical as well as in research settings (33).
In cases of hormonal therapy hysteroscopy and targeted
biopsy is recommended to exclude consequent endometrial
malignancy. Due to data of researches, although hormonal
therapy of malignant tumors thought to cause increased
incidence of other malignancies, tamoxifen therapy in
breast cancer patient seems not to be associated with
higher frequency of EC (34). The longer learning curve
of endoscopic surgery technics may influence the selection
among the available methods. However, in case of having
structured, systematic training program, learning curve of
minimally invasive procedures are no longer compared to
the traditional methods (35).
It is also known that complications of hysteroscopy
are much lower compared to blindly performed biopsy
methods. Due to the visually controlled application, the
rate of most frequent complication, perforation is very low.
The overall success rate of diagnostic hysteroscopy was
estimated at 96.9% (SD 5.2%, range, 83–100%) (36).
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Since application of diagnostic hysteroscopy became a
part of everyday gynecology, several authors proposed the
hypothesis that the procedure itself might evoke the spread
of malignant cells to the peritoneal cavity, by squeezing
them out through the fallopian tubes (37).
Preoperative low-pressure fluid mini-hysteroscopy was
found not to increase the risk of intraperitoneal transport
of EC cells during the examination or the risk of pelvic
recurrence at the 5-year follow-up. Neither disease-free or
OS, nor recurrence rate was affected by the procedure (38).
Hysteroscopy with saline distension resulted in a
statistically significant higher rate of malignant peritoneal
cytology (OR, 2.89; 95% CI, 1.48–5.64; P=0.002), whereas
a non-significant trend for higher rate of malignant cells
was observed in patients allocated to the hysteroscopy group
(OR, 3.23; 95% CI, 0.94–11.09; P=0.062) when inflated
media pressure reached or exceeded 100 mmHg (39).
A large meta-analysis including almost 3,000 women
diagnosed with EC, came to the conclusion that
hysteroscopy could increase the number of malignant
cytological findings in the peritoneal cavity. Data suggested
that in cases of advanced stages of EC the application of
hysteroscopy was associated with higher statistical risk of
metastases. These results supported the concerns of the
negative effect of the contract medium flow, which support
the recommendation of hysteroscopy as a diagnostic tool
mainly in cases of early stages of EC (40).
Despite published data suggesting a possible correlation
between the use of hysteroscopy and the presence of
malignant peritoneal cytology, there is no evidence
confirming that this result is associated with hysteroscopy,
reminding that—even without any diagnostic procedure—
endometrial cells could be detected in peritoneal cavity (41).
Although in EC the EC cells can be detected in
peritoneal fluid, hysteroscopy is unlikely a significant factor
in affecting intraabdominal spread of cancer cells and
causing the progression of the disease resulting in higher
clinical stages (42).
Staging
During preoperative work-up the assessment of the cervical
involvement for staging in EC is essential. The accuracy of
assessing cervical conditions was 93.2% by MRI and 55.7%
by hysteroscopy (43). By using special pattern recognition
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models, sensitivity and specificity of this test were 84.6%
and 81.8%, respectively, with a likelihood ratio of 4:6 in
predicting and prognosticating those women who have
high-grade tumor or invasive disease (44).
Endometrial sampling performed by both pipelle
device and operative hysteroscopy are of limited value to
determine definitive histological type and grade with a risk
of underestimated or overestimated EC risk group and thus
surgical treatment (45).
In case of hysteroscopy used for the evaluation of
deep (≥50%) MI (50 studies, 3,720 patients), the pooled
sensitivity was 80.7%, specificity was 88.5%, positive
predictive value was 77.6%, and NPV was 89.5%,
respectively (46).
Pelvic MRI (without contrast) was performed to assess
the extent of MI (MI <50%, MI ≥50%), the possible
involvement of cervical stroma, status of the ovaries, and
lymph nodes. Hysteroscopic excisional biopsy (HEB) was
performed under general anesthesia, retrieving multiple
biopsies with a 5-mm, monopolar, loop electrode. The
integration of MRI and HEB showed an elevated accuracy.
Sensitivity, specificity, NPV and positive predictive value
were 85.0%, 88.5%, 91.9% and 79.0% in identifying lowrisk patients who do not need comprehensive surgical
staging (47).
Sentinel lymph node mapping
Sentinel-lymph-node mapping has been advocated as an
alternative staging technique for EC. Performing surgical
staging with lymphadenectomy defines recurrence risk
and helps clinicians make the decision to give adjuvant
treatment to high-risk patients (48). Although most
cases have negative lymph nodes, even in preoperative,
supposedly extreme low-risk patients (stage I, grade I), the
incidence of PAN metastases is still 4.6% (49).
Sentinel lymph nodes marked with ICG have a high
degree of diagnostic accuracy in detecting EC metastases
and can safely replace lymphadenectomy in the staging
of EC (10). Laparoscopic SLN mapping after injection
of ICG via hysteroscopy has comparable detection rates
with both radioactive tracer series and ICG injected
cervically, overcoming the need for radioactive substances.
Hysteroscopic injection leads to a higher mapping in the
aortic area compared with cervical injection. Bilateral pelvic
mapping was found in 74.5% of cases (50).
Moreover, hysteroscopy gives the opportunity even
in treatment of EC in cases of having desire for fertility
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sparing (51), but this topic exceeds the topic of this review.
Role of ultrasound in EC
Screening of asymptomatic patients
Although transvaginal ultrasound offers easily accessible
and relatively cheap option to visualize the small pelvic
structure, despite intensive research it is not evidenced
that ultrasound screening effectively reduces the mortality
of EC. In contrast, according to cohort studies due to the
high rate of false positive results, ultrasound screening
strategies in asymptomatic women would result in anxiety
and too many unnecessary endometrial biopsies associated
with risks of surgical complications (52). Risks associated
with false-positive tests include anxiety and complications
from biopsies. After the completion of the United
Kingdom Collaborative Trial of Ovarian Cancer Screening
(UKCTOCS) including near 50,000 asymptomatic patients,
it was reported, that using the double layer endometrium
5 mm cut-off the sensitivity was 80.5% and the specificity
was 85.7% for EC diagnosed in the next 5 years. Increasing
the cut off to 10 mm, a sensitivity decreased to 54.1% and
the sensitivity increased to 92.7%. Based on the results,
imminent biopsy is not necessary below 10 mm, but over
5 mm ultrasound follow-up is recommended. However,
asymptomatic menopausal women with risk factors for EC
and at whom endometrial thickening and other incidental
positive findings on ultrasound are present (the presence
of abnormal subendometriale or endometrial vascular
pattern, endometrial inhomogeneity, intravital fluid or
thickened endometrium over 11 mm) should be managed
on a case-by-case basis (53). In addition, women at risk for
EC due to a history of unopposed estrogen monotherapy,
infertility with long term of chronic anovulation, late
menopause, tamoxifen therapy, nulliparity, infertility or
failure to ovulate, obesity, diabetes or hypertension should
be informed of the risks and symptoms of EC and strongly
encouraged to report any unexpected bleeding or spotting
to their physicians.
Endometrial polyps
Incidental finding of polyps is frequent and with the
common use and the high imaging quality the transvaginal
ultrasound they are detected more often: 44.4% of the
premenopausal polyps and in the 36.1% of the menopausal
polyps were asymptomatic (54). Visualization of the feeding
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artery with color-Doppler improves the detection rate
(55,56). The majority of asymptomatic polyps detected
by ultrasound and are treated surgically, although little is
known about their natural behavior. They carry low risk
of malignancy, hyperplasia or EC in the polyp was found
in 1.7% of premenopausal and in 5.4% of postmenopausal
polyps (57). Recently, analyzing the natural history by
following 112 asymptomatic polyps treated expectantly
(6–135 months, median 22.5) it was found, that 6.3%
of polyps completely regressed and abnormal bleeding
appeared in 15% independently of the growing pattern.
Since that the regression rate is low and cannot be
predicted, thus considering surgical treatment of polyp is a
reasonable choice, especially in the menopause when polyps
have higher risk of malignancy. Expert ultrasound scan may
add some help to distinguish between polyps with low and
high risk of malignancy. Benign polyps characteristically
have smooth surface, well-defined hyperechoic borders
(“bright edge”), single pedicle artery and morphologically
normal endometrium adjacent to the polyp (58). In contrast,
polyps with malignant potential mostly have irregular
surface, multiple feeding vessels, abnormal adjacent
endometrium and occasionally signs of MI (irregular
endo-myometrial border) (59). Intensive studies on the
detailed ultrasound features of histologically different
intracavital lesions using the features recommended by
the International Endometrial Tumor Analysis (IETA)
group are still ongoing (60). The transvaginal image can be
easily enhanced with intrauterine saline installation [saline
installation sonography (SIS)], which improves the detection
rate of polyps, as well as the differentiation between benign
and malignant lesions. While it still remains controversial
removing of endometrial polyps in asymptomatic patients,
one should keep in mind that only histological evaluation
could exclude focal neoplastic lesions.
Ultrasonography in patients with abnormal bleeding
One of the most investigated and debated question in the
field of gynecological ultrasonography is that ultrasound
could reach the NPV of endometrial biopsy, i.e., can the
ultrasound examination replace the need of endometrial
histology at least in a proportion of menopausal patients
with abnormal bleeding. A consensus exists already from
the 90-es in Europe, that based on the results of the
Scandinavian and Italian multi-center studies that the risk of
presence of EC at less than 4 mm double layer endometrial
thickness is very minimal in patients with one episode
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of abnormal postmenopausal bleeding (61,62). In these
examinations the risk at the 4 mm threshold was found to
be below 1%, which was confirmed later by several studies.
In a meta-analysis, after double-checking the clinical and
imaging data of EC cases the authors concluded, that using
the 3 mm cut off would be safer to avoid the false negative
cases (63). Further, strong argument for the priority of
ultrasonography over the blind biopsy, that after the followup of the patients included in the Nordic Trial it was found,
that in patients with one episode of abnormal bleeding
the well-documented endometrial thickness below 4 mm
disclosed the probability on the EC better in the next ten
years than negative histology in patients with endometrial
thickness above 4 mm (64). In patients with endometrium
below 4 mm and negative histology no EC occurred.
However, in patients with recurrent abnormal bleeding
the risk of EC increased to over 10% irrespective to the
ultrasound finding, thus histology is mandatory in these
cases. In uncertain cases or image suspicious for focal lesion
the ultrasound examination can be enhanced either with
intrauterine saline infusion (sonohysterography) or colorDoppler to improve the detection of abnormal endometrial
structure or vascularity.
Ultrasonography in EC patients
In past decades beside MRI ultrasound is being used more
intensively to support the preoperative evaluation and
to select women in need for more extensive surgery for
the optimal outcome. Using high resolution transvaginal
probes, present imaging quality of the premium ultrasound
equipment including color-Doppler and 3D volume
acquisitions makes it possible to reach the diagnostic
accuracy of MRI in the detection of the presence and
the extent of various uterine pathology. According to the
European Society of Gynecological Oncology (ESGO), the
European Society for Medical Oncology (ESMO) and the
European Society of Radiotherapy and Oncology (ESTRO),
the mandatory preoperative workup of uterine cancer
should include transvaginal (or transrectal) ultrasonography
in addition to pelvic examination and endometrial biopsy
(histological type and grade), in order to establish a
preoperative FIGO staging before definitive pathological
result (8). Transvaginal ultrasound is the first imaging step in
patients with abnormal bleeding. In addition, color Doppler
or contrast medium enhanced ultrasonography (65),
preferably specialized ultrasonography, offers the possibility
of evaluating the size of the tumor, ruling out ovarian disease
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and assessing MI and cervical stromal involvement (66).
Despite ultrasound proved to be effective in determining
the endometrial tumor margins if malignancy is present,
preoperative pathological information is crucial for
establishing the surgical plan. Any patients with a risk of
cancer, particularly patients with postmenopausal bleeding
and a hyperplastic endometrium at ultrasound, should be
investigated with endometrial sampling in order to avoid
uterine morcellation.
To the ESMO-ESGO-ESTRO recommendation,
patients with AH/EIN or grade 1 EEC requesting fertility
preservation has to be referred to specialized centers,
where D&C or preferably hysteroscopy guided biopsy
has to be performed and AH/EIN or grade 1 EEC must
be confirmed/diagnosed by a specialist in gynecological
pathology. In addition, Pelvic MRI should be performed
to establish the degree of MI and adnexal involvement,
however, expert ultrasound can be considered as an
alternative. In clinical stage I, grade 1 and 2 at least one of
the three alternative tools should be applied to assess MI
if LND is considered: good quality ultrasound by a skilled
operator and/or MRI and/or intra-operative pathological
examination.
The detailed ultrasound characteristics of EC according
to stage and grade was also examined by the IETA group in
a prospective multi-center study (67). Grayscale and color
Doppler features were found to be different in high- and
low-risk EC and they showed association with tumor grade
and stage. These data show, that ultrasound has not reached
the limits in EC staging yet. Being a reproducible, dynamic
and non-invasive examination the routine application of
transvaginal ultrasound in EC is recommended.
There are factors which may limit the power of
ultrasound and result in under- or overestimation of
myometrial and cervical invasion of the EC. According
to a prospective study enrolling 210 patients and using
transvaginal greyscale and power Doppler imaging
according to the IETA terminology, the proportion of
underestimated cases, relative to final histology was found
comparable in regard to the MI (8.6%) and the cervical
invasion (10.5%) (68). In contrast, more MI was more
often overestimated with ultrasound (15.7%) than cervical
invasion (4.8%). Interestingly, the staging error was not
related to the BMI, the uterine position or to image quality.
Smaller size well-differentiated ECs with thick minimum
tumor-free myometrium and lower perfusion were more
often underestimated, while less differentiated larger tumors
with thin minimum tumor-free margin and rich perfusion
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were more often overestimated. The concluded that tumor
size, vascular density, vessel architecture and histological
grading influence the power of ultrasound staging.
With the advances of 3D ultrasound imaging the question
raises, whether the 3D may add further information in order
to improve the preoperative staging of EC by ultrasound.
In the past years, several studies compared the power of
3D ultrasound and MRI in the detection of myometrial
and cervical invasion of EC, and although the result are
not uniform, most of them found that MRI is not superior
than 3D US (69,70). Less information exists about the
performance of color Doppler enhanced dynamic gray scale
in relation to the MRI. Good quality ultrasound evaluation
requires expertise in gynecologic disorders. The power of 2D
and 3D ultrasound imaging in the EC staging was compared
recently by a multicenter study, in which 15 expert examiners
off-line analyzed 2D videos and 3D volumes (volume contrast
imaging, VCI) of 58 EC patients. The median accuracy for
diagnosing deep (>50%) MI was 76% with 2D and 69%
with 3D-VCI, cervical invasion 88% with 2D and 86%, with
3D-VCI. The interrater reliability was also better for 2D
then for 3D, both in the detection of deep MI and cervical
involvement. The agreement between 2D and 3D-VCI was
weaker in diagnosing deep MI, then cervical involvement
(76% vs. 88%). In practice it means, that in expert hands 3DVI does not add more information to 2D for EC staging and
detecting the cervical stromal involvement is more effective
than estimating the deep MI (71).
The role of MRI in the management of EC
According to the recent NCCN guideline the role of
MRI in the initial workup of EC is clearly defined. The
use of pelvic MRI is recommended to assess local disease
extent. Among the imaging techniques for the preoperative
assessment of EC, MRI is considered to be the most
accurate. The MRI appearance of EC is usually hypo- to
isointense on T1-weighted images while hyperintense or
heterogeneous on T2-weighted images compared to normal
endometrium. After IV contrast injection enhancement is
seen on images (72).
MI
In early stage disease the most important concern of the
preoperative staging is the depth of MI. Stage IA, by
the recent FIGO classification, represents tumors with
myometrial tumor infiltration of less than 50%. Stage
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IB indicates diseases with more than 50% MI of tumor.
The deep invasion of myometrium is presenting as an
irregular interface and/or loss of the normal endometrium
myometrium interface. For the assessment of the depth of
MI sagittal T2-weighted image is a useful tool. The use of
dynamic contrast-enhanced MR images improves the tumor
border’s delineation and helps to assess the affected depth of
invasion in the myometrium, since the endometrial tissue is
less enhanced than myometrium (72). Goel et al. reported in
their prospective, that the sensitivity and specificity of MRI
for assessment the MI were 75% and 73% respectively,
the overall accuracy was 74.14% (73). Additionally, the
use of diffusion weighted imaging (DWI) is increasing the
assessment of depth of MI. Moreover, the DWI can be
helpful in patients who cannot receive gadolinium based
contrast agent administered intravenously (72).
Cervical involvement
The presence of cervical stromal invasion without spreading
beyond the uterus is an important factor representing
stage II disease. Sensitivity of MRI is poor in (37.5% and
50% respectively) predicting extrauterine extension and
cervical invasion but specificity is excellent (92% and 100%
respectively). Goel’s study shows that the preoperative MRI
not only has high sensitivity and specificity in prediction
of MI and but it is very useful modality to assess lymph
node involvement. On the contrary, prediction of cervical
involvement or extrauterine spread, it is not sensitive
enough. Based on these results, the use of 3D-Ultrasound
in the preoperative assessment of myometrial and cervical
infiltration of tumor can be a useful tool (73).
Yildirim and co-workers examined the diagnostic
accuracy of 3D-US for detecting deep myometrial, lower
uterine segment and cervical invasion, and these were
found to be 87.5%, 80% and 85%, respectively. The
same results for MRI were 75%, 65% and 70% in their
study respectively. According to their results the 3D-US
had higher sensitivity, specificity, negative and positive
predictive value and accuracy than MRI. The combination
of these two imaging techniques increased the sensitivity,
but decreased the specificity and the accuracy. 3D-US was
an easier, cheaper and effective imaging method for triaging
the early stage EC (69).
Lymph node metastasis
The stage IIIC according to recent FIGO classification,
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covers the tumors with lymph node metastasis. This stage
is divided into two subgroups, in stage IIIC1 there is pelvic
while in stage IIIC2 para-aortic lymph node involvement.
The presence of nodal involvement has a good correlation
with the depth of MI. In cases with stage IA disease the
incidence of lymph node metastases is 3%, but if MI is
greater than 50% the incidence of metastatic lymph nodes is
46% (72). In Goel’s prospective study the MRI had a good
sensitivity (88.64%), a moderate specificity (66.67%), to
predict the lymph node spreading, the overall accuracy was
86% (73). Arian et al. examined the accuracy of diffusionweighted MRI (DW-MRI) to predict the pelvic lymph
node metastases (74). In their retrospective study 33 women
were enrolled with histologically confirmed EC. According
to this study, the DW-MRI had a sensitivity of 80.6%, a
specificity of 100% for predicting lymph node involvement
and the overall accuracy was 87.5% in discrimination
between a metastatic and non-metastatic pattern. DW-MRI
was a valuable tool for differentiating between metastatic
and benign lymph nodes in EC patients (74). In a recent
study the utility of three-dimensional MRI (3D-MRI) was
evaluated. The relation between tumor volume measured
with 3D-MRI and lymph node metastasis was examined
in patients with EC. Multivariate analysis revealed that
tumor volume was an independent risk factor for lymphatic
metastasis [hazard ratio (HR) 12.7, 95% CI: 1.06–154].
The potential cut-off value of tumor volume was 12.79 cm3
(sensitivity: 0.821; specificity: 0.744) (75).
Role of functional MRI
The histological tumor grade is a risk factor of nodal
involvement, therefore preoperative accurate determination
is a key factor in defining necessity of lymphadenectomy.
Tanaka et al. in their work examined ninety-one patient’s
apparent diffusion coefficient (ADC) on DW-MRI and
compared to the frozen section (FS) diagnosis made at
hysterectomy. The diagnostic accuracy of DWI and FS was
compared in prediction of the tumor grade, based on final
histological reports. The high-grade (endometrioid G3)
tumors had lower ADC values than low-grade (endometrioid
G1/2) tumors. There was no significant difference in the
true positive rates of ADC values and FSs in the prediction
of high-grade tumors (73.3% vs. 66.7%, P=0.7), however,
in the prediction of low grade tumors the true negative rate
of ADC values was significantly lower than that of the FSs
(64.5% vs. 98.7%, P=0.01). In conclusion the FS diagnosis
was more accurate to predict high-grade tumors than DW-
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MRI (76).
In Song’s study the T2-weighted image (T2WI) and
conventional diffusion-weighted image (cDWI) was
compared in the sensitivity of qualitative diagnosis and the
accuracy was examined in prediction of tumor size (TS).
The TS of T2WI was in accordance with the actual size
for all ECs. DWI had a high sensitivity in detecting the
discrepancy of pathology between different tissues, so it had
an advantage in diagnosing cancer in an early stage. DWI
was better than T2WI in the qualitative diagnosis, and
T2WI was better than DWI at tumor size measurement (77).
To summarize, the use of MRI in the preoperative
workup is recommended, for in the prediction of MI and
lymph node involvement it has high sensitivity and high
specificity (73), although it has moderate or low sensitive
to predict cervical involvement or extrauterine spread.
Recently, the MRI seems to be a moderately sensitive and
specific tool for preoperative staging of EC. According to
the above mentioned data, we need further refinements
in the use of MRI during preoperative workup of EC and
further investigations to find the best modality of this useful
tool (73). These updated ESUR Female Pelvis Imaging
working group guidelines and the recent ESMO guidelines
represents the most recent developments in this field (78).
Biomarkers in EC
Obtaining of a representative preoperative sample of the
EC (preferably via hysteroscopy as explained above) is
essential for the proper preoperative histological evaluation
of the tumor. The classic histological classification of
EC differentiates the much more common type I tumors
(80–90%) (endometrioid adenocarcinoma) and type II
tumors (10–20%) comprising non-endometrioid subtypes
(serous, clear cell, undifferentiated carcinoma and malignant
mixed Müllerian tumor) (79). This has become determining
factor besides the spread of the tumor in the operative
management (including possible fertility sparing treatment
and extent of staging procedures) and adjuvant treatment
according to the present guidelines (8). Unfortunately,
inter-observer disagreement regarding histology is a
common phenomenon: in the central pathological reevaluation of the PORTEC-3 trial there was common interobserver disagreement for histological type (34%), grade
(19%) and stromal involvement (27%) (80). Molecular data
mostly supports this dual classification: the most common
gene alterations in type I tumors are of the PTEN, KRAS,
CTNNB1, PIK3 and MLH1 promoter hypermethylation
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while in type 2 cancers the TP53 mutations are most
frequent, however some endometrioid carcinomas are also
associated with mutated TP53 and therefore have extreme
genetic instability, with unfavorable prognosis (81). The
Cancer Genome Atlas Research Network identified 4
molecular subtypes, which are the following: (I) POLE
(ultra-mutated) tumors; (II) MSI tumors; (III) copy-number
high tumors with TP53 mutations; (IV) remaining group
without the upper alterations (8).
The molecular analysis of the PORTEC 1 and 2 trials
showed, that POLE mutations were associated with high
grade, although are capable of identifying a subgroup
of these tumors which are associated with a very good
prognosis: in these trials none of the POLE mutant ECs
have recurred, while 30.9% of the POLE-wild type ones
did (82). This biomarker might be useful in the future to
avoid over-treatment of approximately 10% of clinically
good prognostic high-grade tumors. Inspired by the TCGA
(which required fresh-frozen samples) a classification
called ProMisE (Proactive Molecular Risk Classifier for
Endometrial Cancer) was developed, which identifies 4
subtypes based on, but not equivalent to the TCGA ones:
MMR-D (mismatch repair deficient), POLE, p53 abnormal
and p53 wild type (83). Very importantly applicability
of the molecular subtypes of the diagnostic specimen
(e.g., biopsies) showed high reproductivity with the final
histologies (73). The p53 abn subtype showed aggressive
characteristics (MI, positive nodes, LVSI) having been
classified as ESMO 2016 high risk types in 87%. The
second most aggressive type was MMR-D. The largest
subtype was p53 wild type (usually low-grade, low-stage,
and endometrioid in 99%) classified as ESMO “low risk” in
62% (83). The patients with POLE subtype had excellent
prognosis in this series as well, and have been confirmed by
other independent studies in the literature (84,85).
Another very promising example for the use of
biomarkers in EC is the detection of aberrant telomere
length in circulating cell free DNA (cfDNA). Benati and
colleagues described a technique for the measurement of
relative telomere length (RTL) in cfDNA for the detection
of endometrioid EC, and using ROC curve analysis it had
a sensitivity of 80% at a specificity of 80.65%, regardless of
the stage or grade of the disease. This might be a useful tool
in the future for the early detection of EC especially in highrisk groups of patients (e.g., those with atypical endometrial
hyperplasia) (86). The use of molecular biomarkers helps to
decrease the inter-observer variability, the poor correlation
of grade ad histotype between the diagnostic specimen
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and results of the final histology (45,87), which might be a
frequently seen feature in case of high grade tumors (88,89).
Hysteroscopy helps us obtaining a representative sample
in the diagnosis of EC, and with the use of biomarkers we
can overcome the histological “mimics”. The use of POLE
biomarker proves to be a promising tool in the future to
avoid over-treatment of approximately 10% of clinically
good prognostic high-grade tumors. The incorporation of
molecular characteristics into EC management (90) should
influence our treatment strategies in the near future.
Summary
In conclusion, all MRI, HEB and high resolution 2D or 3D
ultrasound performed by expert operator are considered to
add valuable information for preoperative staging of EC.
The most preferred method is still MRI over the others, but
guidelines are not uniform in the positioning of the imaging
modalities, and since their performances are constantly
improving due to rapid technical development, their
diagnostic position may change. To the present it is difficult
to establish the superiority of any of them over the other, all
may add valuable information for the preoperative staging
and centers are recommended to use them according to
the local availability, quality and experience. We always
have to keep in mind, that the main goal (and not more) of
the preoperative assessment is to distinguish between the
low-risk (stage I, grade 1 and 2) and the more advanced
EC, or raise the suspicion of non-endometrioid cancer,
which guides the optimal management plan. Developing an
integrated diagnostic work-up would, therefore, be greatly
beneficial and could represent the best chance to optimize
surgical management, avoiding over- or undertreatment of
EC patients. Further studies on large cohorts and with great
statistical power may answer which is the best integrated
diagnostic work-up at present to stratify patients for lowand high-risk on lymph node involvement.
Accurate preoperative assessment of the lymph nodes
would ideally identify those patients with advanced stage
disease, who might benefit from more extensive surgical
procedures and adjuvant therapies. However, present
imaging modalities have higher accuracy in the detection of
MI and cervical involvement, than lymph nodes metastases.
Additional CT scan can complement this disadvantage of
the US to disclose lymph node pathology, while ultrasound
in expert hands can safely evaluate deep MI, or cervical
involvement. This ultrasound plus CT scan setting could
increase the availability to preoperative imaging compared

© Translational Cancer Research. All rights reserved.

to MRI, since the later being a far more time-consuming
procedure, limiting its availability at a large number of
healthcare systems. CT imaging of the whole abdominal
region is essential, since in the absence of confirmed pelvic
lymph node metastases, rarely paraaortic lymph node
metastases may be present.
The use of biomarkers could be beneficial in decreasing
inter-observer variability between the histology of the
diagnostic specimen and the final operative sample, as well
as to avoid overtreatment in a part of the high-grade tumors
with excellent prognosis. Extended surgery, including paraaortic lymphadenectomy has a significant morbidity, and
with the future selection of cases it can be safely avoided,
we can decrease complications without compromising
oncological safety. In the future, the importance of
hysteroscopy guided sampling may increase to gain a
representative sample for biomarker detection.
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