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Epidemiology 

Endometrial cancer (EC) ranks as the fourth most common can-
cer among women and the most common malignant neoplasm of  
the female genital tract in the USA [1]. It most commonly occurs 
after the age of  50 and prognosis depends largely on the stage 
of  the disease at the time of  diagnosis. The overall lifetime risk 
of  developing EC is approximately 2.5%. The risk of  EC in a 
population of  asymptomatic postmenopausal women is reported 
to be 0.2% [2].

Most commonly (90%) EC presents as postmenopausal bleeding 
(PMB), although only 10% of  women with PMB will eventually 
have cancer [3]. Another common symptom is persistent post-
menopausal vaginal discharge due to pyometra. Pre-menopausal 
women with EC usually present with significant alterations in 
menstrual pattern, or with an incidental finding of  abnormal en-
dometrial cells on routine cervical cytology.

Histopathological examination of  hysterectomy specimens re-
vealed that 20% to 43% of  patients with a previous atypical endo-
metrial hyperplasia (AEH) biopsy also harbored EC [4, 5]. Some 
studies consider EC and AEH as one entity, given that 40% of  
cases of  AEH might have concurrent EC. There is limited con-
cordance between pathologists on the diagnosis of  AEH, and the 
latter is considered a precancerous state with more than 25% of  
patients progressing to EC (estimates range from 25% to 82%) 
[6-9].

Studies that aimed to evaluate the frequency of  unexpected diag-
nose of  EC made postoperatively in surgical specimens for a pre-
sumed benign condition conclude that the rate of  unanticipated 
EC during hysterectomy performed to treat benign conditions is 

generally low [10]. 
Besides the established predisposing factors for Type 1 EC, other 
related epidemiologic factors are older age, higher mean BMI, late 
menopausal status, prolonged bleeding, and multiple episodes of  
PMB [11]. In Salman et al [11] study, among women with recur-
rent bleeding, 23.3% had a final diagnosis of  EC, while only 1.4% 
of  women with single bleeding episode had EC. Additionaly high-
risk population is represented by patients with Lynch syndrome, 
Cowden syndrome, obesity, diabetes, or breast cancer on tamox-
ifen medication. On the contrary, oral contraceptive pill use, in-
creased age at menarche, and high parity were associated with a 
decreased risk [8].

Some scoring systems have been developed for the prediction of  
EC. Angioli’s et al “risk of  endometrial malignancy (REM) score”, [12] 
is capable to classify patients with endometrial abnormalities into 
high- or low-risk groups for EC using serum markers, ultrasound, 
and clinical features. Implementing this tool, the authors aimed 
to identify the appropriate timing of  imaging and surgery in a 
more personalized manner. The score encompassed patient’s age, 
sonographic endometrial thickness (ET) measurement, and blood 
HE4 & CA125 levels [12].

Histology & Receptors

Traditional classification of  EC is based either on clinical and 
endocrine features (e.g. Types 1 and 2) or on histopathological 
characteristics (e.g. endometrioid, serous, or clear-cell adenocar-
cinoma). Subtypes defined by the different classification systems 
correlate to some extent, but there is substantial heterogeneity 
in biological, pathological, and molecular features within tumor 
types among various classification systems [13].

Thus, about 80% of  EC’s are histologically classified as Type 1 
endometrioid carcinomas. These illustrate minimal myometrial in-
vasion, arising from atypical complex hyperplasia, and especially 
affect pre- and perimenopausal women. Type 1 EC’s are usually 
estrogen-receptor-positive tumors associated with hyperestrogen-
ism and prior estrogenic stimulation [14]. In contrast, Type 2 EC’s 
occur mostly in elderly or postmenopausal non-obese women, are 
more aggressive with poor prognosis, and are frequently not as-
sociated with high estrogen levels [14].

Based on the World Health Organization (WHO) categorization, 
the severity of  endometrial hyperplasia is classified as simple or 
complex (based on architectural features), and as typical or atypical 
(based on cytologic features), as initially described by Kurman et 
al [9] Atypical hyperplasia (AEH) is considered a precursor lesion, 
which may progress to EC in 5% to 25% of  patients. Several 
studies have reported on the coexistence of  atypical hyperplasia 
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with EC [14].
The benign hyperplasia (BH) and endometrial intraepithelial neoplasia 
(EIN) schema has also gained some acceptance among pathol-
ogist and clinicians. The research leading to the EIN criteria is 
based on molecular and progression data. The BH/EIN schema 
has better reproducibility among pathologists, is intuitively easy 
to use, but requires understanding of  endometrial physiology and 
neoplastic alterations [15].

Mass Population Screening

Although many (especially Type 1) EC’s develop by way of  a pre-
cursor lesion (i.e. AEH), routine mass screening of  the popula-
tion for endometrial malignancy (most probably with pelvic ultra-
sound scans, biomarkers, or least likely with endometrial biopsies) 
is impractical and not cost-effective due to the low prevalence of  
the precursor disease. Thus, management relies on the prompt 
assessment of  symptomatic women, especially those at high risk. 
It is imperative to promptly evaluate individuals past their fourth 
decade of  life if  there is abnormal vaginal bleeding [3].

Jacobs et al [8] reported recently on the results of  a large UK 
multicenter prospective trial of  ovarian cancer screening, one arm 
of  which involved pelvic ultrasound during which endometrial 
thickness was measured, as EC screening among postmenopausal 
women. Despite concluding that transvaginal sonography (TVS) 
screening for EC has good sensitivity in postmenopausal women, 
they also consider that the role of  population screening for EC 
remains currently uncertain.

Similarly, many authorities either do not recommend routine 
screening for EC in asymptomatic women, or consider that rou-
tine TVS or endometrial sampling do not result in lower mortality 
rates from EC [16].

Endometrial Cancer In Premenopausal Patients

Despite the majority of  EC’s affecting predominantly women of  
the 6th and 7th decade, some 20-25% of  cases are diagnosed in 
premenopausal women [17]. 

When 12%-25% of  all EC’s occur in premenopausal women, only 
1-5% are found in women younger than 40 years of  age [18-21]. 
The incidence of  EC has a distinct increase over the age of  35 
years. Based on age alone endometrial assessment to exclude can-
cer is indicated in any woman older than 35 years who is suspected 
of  having anovulatory uterine bleeding. In addition, although EC 
is less common under the age of  35 years, it is not absent. Thus, 
in high-risk patients younger than 35 years endometrial evaluation 
might be warranted [22].

Premenopausal woman with EC present with some pattern of  ab-
normal uterine bleeding (AUB). Abnormal uterine bleeding is any 
abnormal bleeding occurring in pre- and postmenopausal women 
due to several causes such as organic (polyps, myomas, hyperpla-
sia, atrophy, EC, etc) or not organic (dysfunctional uterine bleed-
ing, luteal phase defect, etc) [23]. AUB is a broad term encom-
passing a range of  presentations: 1) Menorrhagia, i.e. heavy cyclical 
bleeding over several consecutive cycles, or menstrual blood loss 
greater than 80mL per cycle, 2) Postcoital bleeding, i.e. genital tract 
bleeding after intercourse 3) Intermenstrual bleeding, i.e. arising from 
the genital tract, not during menstruation or following intercourse 
in a woman having periods [24]. However, a certain percentage 

of  women with Type 2 EC might not present with bleeding [25].

Even if  there is no consensus about which imaging modality 
represents the most efficient way of  managing post-menopausal 
women with abnormal bleeding, TVS, and/or SIS if  needed, rep-
resents a simple, cheap and accurate first-line investigation for this 
group of  women [20]. Studies in cycling premenopausal women 
found no cases with EC with ET values ranging from 4 to 8 mm 
[22, 26, 27]. Of  note is that the current ACOG Committee Opin-
ion for premenopausal women [24] considers measurement of  
ET in premenopausal women unhelpful in the evaluation of  AUB.

For persistent AUB in women ≥ 40 years without focal endo-
metrial pathology in TVS an endometrial biopsy is warranted to 
exclude global endometrial pathologies such as endometrial hy-
perplasia (AEH or not) or EC [20].

Endometrial Cancer In Peri & Postmenopausal 
Patients

In the Western World, EC is the most common gynecologic 
malignancy and 85-95% of  women harboring EC present with 
postmenopausal bleeding (PMB) [28, 29]. PMB represents an 
AUB variant defined as genital tract bleeding occurring at least 
12 months after the last menstrual period of  amenorrhoea. The 
prevalence of  PMB is approximately 10% in the years immedi-
ately after menopause [28].

Older statistics estimate the risk of  EC in a 50-year-old woman 
with PMB is 9%, 16% for a woman in her sixties, 28% for a wom-
an in her seventies, and 60% for a woman in her eighties [30]. 

For several decades the belief  was that PMB “is EC until proven 
otherwise”. However, this statement has not stood the test of  time; 
as most statistics illustrate that the incidence of  malignancy in 
patients with PMB ranges from 1% to 14% [20, 22]. The ma-
jority of  patients with PMB actually bleed secondary to atrophic 
changes of  the vagina or endometrium [31]. TVS measurements 
have illustrated that the average ET of  a normal atrophic uterus is 
approximately 2.3 mm [16].

As a rule, acute and severe PMB bleeding is relatively uncommon 
[20]. Smith et al [32] who studied a cohort of  women with recurrent 
PMB estimated that the risk of  concealed EC or AEH was signifi-
cantly less in women with recurrent PMB (9%) as compared with 
those with a first episode of  PMB (8%), but were significantly 
more likely to harbor benign endometrial polyps (28%) compared 
with women with a first episode of  PMB (19%).

In most algorithms, dilatation and curettage (D&C), the long-
standing principal method of  endometrial investigation for sev-
eral decades, has been now almost completely superseded by en-
dometrial biopsy and hysteroscopy. TVS has been introduced to 
reduce the invasiveness of  investigatory procedures. 

Despite the numerous studies suggesting various algorithms on 
the investigation of  PMB, there is still no consensus on the most 
accurate and efficient diagnostic pathway. Similarly, several sci-
entific societies publish national and international guidelines de-
scribing different flowcharts in the diagnostic work-up of  women 
with PMB [33-37]. Most guidelines concur that when a patient 
presents with PMB the first step in is referral to a gynecologic 
practice for examination, cytology and TVS. Only the US guide-
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lines [34, 35] “recommend either TVS or outpatient endometrial sampling 
as the first step in diagnosing women with PMB” [28], based on similar 
sensitivities and cost-effectiveness for the detection of  EC for ET 
≥ 5 mm and for endometrial sampling when ‘sufficient’ tissue is 
obtained [21, 38].

In most other current guidelines the first step is TVS, based on 
the high sensitivity and non-invasive character of  the procedure 
[28].

General Assessment

In general terms, examining the patient consists of: 

i) General inspection & examination, 
ii) Abdominal palpation, 
iii) Speculum examination, and 
iv) Bimanual pelvic examination.

Assessment of  the Uterine Cavity

Endometrial Sampling

For premenopausal patients, the current ACOG Committee 
Opinion No 128 (“Diagnosis of  Abnormal Uterine Bleeding in Repro-
ductive-Aged Women”) [24] indicates office endometrial biopsy as 
the first-line procedure for tissue sampling in the evaluation of  
AUB patients. Thus, endometrial tissue sampling should be per-
formed in patients with AUB who are older than 45 years as a 
first-line test. Endometrial sampling should be also performed in 
patients younger than 45 years with a history of  unopposed estro-
gen exposure, failed medical management, and persistent AUB. A 
positive endometrial sampling result is more accurate for ruling 
in disease than a negative test result is for ruling it out. Aiming to 
exclude EC, according to the above publication a clinician should 
also consider: i) To perform endometrial tissue sampling in pa-
tients with AUB who are older than 45 years as a first-line test, ii) 
To resort to TVS as the initial screening test for AUB and MRI as 
a second-line test to be used when the diagnosis is inconclusive, 
when further clarification would affect patient management, or 
when coexisting uterine myomas are suspected, and iii) To further 
test women with persistent bleeding with a previous benign pa-
thology to rule out non-focal or a structural endometrial pathol-
ogy (all the above are classified as Level C evidence).

Blind endometrial biopsy could either represent first line assess-
ment [34, 35], or could follow hysteroscopy [39]. When saline-
infusion hysterosonography (SIS) is used, subsequent blind en-
dometrial biopsy is performed only for suspected EC/AEH, or 
imaging illustrating secretory/proliferative endometrium, or to 
confirm the patterns of  an atrophic endometrium [39].

The pooled data of  the Dijkhuizen’s meta-analysis [40] (with 
end-point EC, and 39 studies with both pre- and postmenopau-
sal women) illustrate that outpatient endometrial sampling is a 
highly sensitive technique for diagnosing endometrial carcinoma 
[40]. According to the meta-analysis of  Dijkhuizen et al. on the 
diagnostic accuracy of  different sampling devices, endometrial bi-
opsy with the Pipelle device is superior to other techniques in the 
detection of  EC and atypical hyperplasia. The detection rate for 
EC of  Pipelle was 99.6% and 91% in post-menopausal and pre-
menopausal women, respectively [20, 40].

Clark et al [41] studied the diagnostic accuracy of  outpatient en-
dometrial sampling in detecting endometrial hyperplasia. Using 
a variety of  devices, the authors conclude that the pre-test prob-
ability for endometrial hyperplasia of  14.3% was increased to a 
post-test probability for a positive result of  66.7%. Failure rate 
was 17% (unsuccessful endometrial sampling or unfeasible/not 
possible for technical reasons) while inadequate sampling rate (in-
sufficient tissue obtained for a safe pathologic diagnosis) reached 
7%. This review demonstrated that endometrial sampling is mod-
erately accurate in diagnosing (pre)malignant endometrial pathol-
ogy. Thus, a positive test result was more accurate than a negative 
test result (sensitivity 91.9%, with a specificity of  99.7%).

It should be kept in mind, that when using Pipelle sampling, the 
proportion of  total endometrial surface area sampled is about 4% 
(range, 0%–12%) of  the endometrial lining [42]. Consequently, 
endometrial biopsy can potentially detect most cases in which the 
tumor involves more than half  of  the endometrium, but may miss 
tumors involving less surface area [43]. Therefore, endometrial 
biopsy can reliably detect EC involving a large portion of  the en-
dometrium, but is suboptimal for evaluation of  focal lesions. As 
a result, some discrepancy of  EMB’s performed in the office with 
the final diagnosis is anticipated and has been documented [44].

Office-based endometrial biopsy can be uncomfortable, is unsuc-
cessful in 2-28% of  attempts (secondary to cervical stenosis be-
cause of  a small introitus, pain, or intolerance with the procedure) 
and might be inconclusive (non-diagnostic), besides it often yields 
an inaccurate diagnosis, particularly for women with polyps. In 
those situations, a D&C procedure is required to reach a diagnosis 
[21].

2D-GRAY Scale Transvaginal Sonography

The assessment of  endometrial morphology and ET on TVS in 
post-menopausal women represents the cornerstone of  manage-
ment in current clinical practice worldwide. On ultrasonography, 
EC is associated with a thickened endometrium caused by the 
growth of  tumor tissue and/or concomitant hyperplasia [20]. 
Cut-offs for ET of  < 4mm or <5 mm have been prospectively 
validated [20].

TVS is less invasive, well tolerated, generally painless, without 
complications and non-diagnostic only in a small percentage of  
patients [21]. Usually allowing visualization of  the entire endo-
metrial cavity, TVS misses fewer abnormalities than office-based 
endometrial-biopsy [21]. TVS has similar sensitivity as endome-
trial biopsy and can be used when endometrial biopsy is unavail-
able, non-diagnostic or unsuccessful [21]. It is highly likely that 
at prevalence rates of  neoplastic disease typically encountered in 
modern clinical practice, TVS as the initial examination yields cost 
savings in comparison with biopsy-based models [39]. 

TVS performs better at detecting EC than polyps or hyperplasia 
[21]. Despite being more accurate among non-HRT users [21], it 
is equally effective in the identification of  endometrial disease re-
gardless of  HRT use [21]. A negative ET test result can reduce the 
posttest probability of  EC to 2.4% (95% CI 1.3–3.9) at ≥ 4 mm 
and 5.0% (95% CI 2.9–9.1) at ≥ 5 mm [16]. Furthermore, TVS is 
well appointed to assess persistent bleeding despite a histological 
diagnosis of  atrophy; a low ET supports the diagnosis of  atrophy, 
whereas a thickened measurement indicates inadequate sampling 
and possible existing missed lesions [21]. 
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A woman with PMB has a pretest probability of  10% for EC [22, 
45]. An ET ≤ 4 mm reduces the post-test probability to 1.2%, and 
an ET ≤ 3 mm reduces the post-test probability to 0.7% [28, 45]. 
To allow for reliable evaluation of  the endometrium, TVS has to 
be performed before endometrial sampling [20].

At a 3mm cut-off, ET detected 98% of  women with endometrial 
disease, but also identified 38% of  women with normal histologic 
findings as abnormal [21]. In postmenopausal women, an ET ≤ 
3mm has the greatest sensitivity to exclude EC, although using a 
cutoff  of  ≤ 4 mm might be more cost-effective [22, 28, 45].

With a threshold of  5 mm for ET, the sensitivity for detecting 
any endometrial disease was 92%, and the sensitivity for detect-
ing EC was 96%. Similarly, in another ultrasound screening study 
of  women without bleeding, a cutoff  of  5 mm had a positive 
predictive value of  1.4%, and for 10 mm, the positive predictive 
value was 4.5%; the negative predictive value was 99.9% for both 
cutoffs [8].

Based on the theoretical model created by Smith-Bindman in 
2004 [46], in a postmenopausal woman with vaginal bleeding, the risk 
of  EC is approximately 7.3% with thick (> 5 mm) endometrium 
and < 0.07% with thin endometrium (≤ 5 mm). In postmenopau-
sal women without vaginal bleeding, thresholds are different; the 
risk of  EC is approximately 6.7% with thick endometrium (> 11 
mm) and 0.002% with thin endometrium (≤ 11mm). Assuming 
the above, in a symptomless postmenopausal woman, if  the ET 
≤ 11mm, the risk of  EC is low, and endometrial biopsy is not 
necessary [47].

However, TVS is less appropriate and effective for evaluating in-
tracavitary pathology (fibroids, polyps etc) [26, 31, 48]. A well-defined 
endometrial echo on a saggital TVS plane might be indistinguish-
able even in 10% of  perimenopausal patients [26]. Non-diagnos-
tic tests can occur more often in women with EC in which the 
endometrium is difficult to visualize [21]. Incomplete or insuf-
ficient imaging can also occur in women with previous uterine 
surgery (e.g., myomectomy, endometrial ablation), coexisting fi-
broids, morbid obesity, or an axial uterus [31, 43]. Incomplete 
visualization of  the endometrium, an ill-defined endometrium as 
well as suspicion of  focal lesions on scan, should be all considered 
abnormal. In such cases the examination should be considered 
inconclusive and these women need some kind of  additional eval-
uation. If  the endometrium cannot be assessed over the whole 
length of  the uterine cavity, or the echogenicity of  the endome-
trium is not homogeneous, Bignardi et al [20] propose to proceed 
with a SIS procedure.

Tabor et al [49] consider that ET measurement in symptomatic 
women (PMB) does not reduce the need for invasive diagnos-
tic testing because 4% of  EC’s would still be missed (false-negative 
rate), with a false-positive rate as high as 50%. Thus they do not 
recommend performing TVS prior to invasive testing in the set-
ting of  evaluation of  PMB.

TVS can be also used to assess myometrial invasion and cervical 
involvement in uterine carcinoma with a greater than 90% nega-
tive predictive value [50]. Another important consideration, in ad-
dition to ET measurement, is the assessment of  endometrial con-
tour and texture. If  they are heterogeneous and irregular, those 
parameters could be a more important determinant than absolute 

ET values [31, 51].
Addressing Type 2 EC, Wang et al [52], documented that only 
65% of  their patients had a thickened endometrial echo-complex. 
Seventeen percent of  patients had an endometrial echo-complex 
measuring < 5mm and another 17% had an indistinct endometrial 
lining. Thus, they conclude that a thin endometrial echo complex 
on ultrasound does not reliably exclude Type 2 EC’s.

SIS (Saline Infusion Sonography - Sonohystero-
gram – Sonohysterography)

SIS is an office-based procedure providing additional information 
with minimal risks. The principle is of  infusing saline or other 
distention medium into the uterine cavity immediately before per-
forming TVS, thus enhancing the structure’s contour and there-
fore augmenting their characterization. SIS can differentiate nor-
mal anatomic findings, globally thickened endometrium amenable 
to endometrial biopsy, and focal abnormalities best assessed by 
hysteroscopy [43, 53]. Bignardi et al [20] point that SIS is most 
valuable in the detection of  focal intra-cavitary lesions. Occasion-
ally, SIS can provide sufficient information to avoid an unneces-
sary hysteroscopy; in practical terms SIS is used to distinguish 
between a diffusely thickened endometrium, for which D&C 
could be the next step, and between a focal lesion, for which a 
hysteroscopy is the next optimal procedure.

SIS is highly sensitive (95%) and specific (88%) for EC [26, 53]. It 
is related with 7% procedure failures; some 3% of  women experi-
ence pain. Vasovagal symptoms are infrequent; while a separate 
procedure is needed for obtaining tissue diagnosis [22, 53].

In an older systematic review, by De Kroon et al [54] the over-
all success rate of  SIS was significantly lower in postmenopausal 
women: 87%, compared with 95% for premenopausal women. 
The authors however conclude that SIS, in combination with an 
aspiration biopsy in selected cases, could represent the standard 
diagnostic procedure in pre- and postmenopausal women with 
abnormal uterine bleeding.

SIS has its limitations, however; being related with significant 
technical difficulties if  there is significant cervical stenosis, if  the 
uterus cannot be distended with fluid, or if  the endometrium can-
not be visualized otherwise [23, 26, 53]. Because of  the high cor-
relation of  filling defects with EC, additional evaluation is manda-
tory if  the uterus is unable to fill with fluid [53].

Color Doppler Transvaginal Sonography

The addition of  Color Doppler to TVS aids usefully in the initial 
management of  abnormal uterine or PMB [20]. However, Dop-
pler ultrasonography has demonstrated rather low specificity for 
detection of  pathologic endometrial findings, being unable to dif-
ferentiate EC from endometrial polyps even when lesion size and 
both resistance and pulsatility indexes were considered [29].

Visualization of  the pedicle artery at transvaginal color Doppler 
imaging (detection of  a feeding blood vessel among the central 
endometrial echo) has a specificity of  95% for detection of  en-
dometrial polyps and a negative predictive value of  94% [29]. An 
older study estimated the sensitivity of  the pedicle artery sign in 
identifying endometrial polyps was only 76.4%, which is less than 
the accuracy of  SIS [55]. Bignardi et al [20] propose to proceed 
with a SIS, if  the presence of  a pedicle artery is suspected at color 
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Doppler examination.

3D Volume Transvaginal Sonography

Mansour et al [56] assessed endometrial volume as a predictor 
of  endometrial malignancy in women with PMB. The authors 
acquired and calculated endometrial volume by virtual organ 
computer-aided analysis (VOCAL software) and concluded that 
an endometrial volume ≥ 1.35 mL might predict malignancy in 
women with PMB.

Yaman et al [57] conducted a study to evaluate the role of  3D-
TVS in diagnosing EC in PMB patients and compare its effec-
tiveness with 2D-TVS. They consider that volume measurement 
by 3D-TVS has a higher specificity for this purpose, possessing 
improved ability to identify the negative cases compared to con-
ventional ultrasound. They consider 3D-TVS as a helpful tool for 
diagnosing EC among PMB patients.

Jantarasaengaram et al [58] evaluated the accuracy of  3D-TVS 
with volume contrast imaging (VCI) for preoperative assessment 
of  depth of  myometrial invasion and cervical involvement in 
women with EC. They consider VCI-enhanced 3D-TVS as an un-
complicated method capable of  predicting both parameters with 
reasonable accuracy in EC patients.

3D Power Doppler Endometrial Assessment

Odeh and co-workers [59] assessed the accuracy of  endometrial 
volume measurement and 3D-Power Doppler analysis (3D-PDA) 
in the diagnosis of  EC and endometrial hyperplasia in women 
with peri- and PMB. They illustrated that endometrial volume 
acquisition and 3D-PDA are good diagnostic tools in predicting 
these conditions in these patient groups.

Alcazar et al [60] conducted a study to evaluate the role of  3D-
Power Doppler angiography (3D-PDA) to discriminate between 
benign and malignant endometrial disease in women with PMB 
and thickened endometrium. Their results show that 3D-PDA 
may be useful discriminator for the prediction of  EC in women 
with PMB and increased ET at baseline sonography.

Dueholm et al [61] conducted a well-designed study to evaluate 
the diagnostic efficiency of  2-dimensional and 3-dimensional TVS 
(2D-TVS, 3D-TVS), power Doppler angiography (2D-PDA, 3D-
PDA), and gel infusion sonography (2D-GIS, 3D-GIS) at offline 
analysis for recognition of  malignant endometrium compared to 
live-scanning; and to determine optimal image parameters at 3D-
analysis. Their results indicate that live scanning is most efficient, 
but offline 2D and 3D-analysis is useful for prediction of  EC 
when optimal image quality can be obtained. They consider that 
the diagnostic efficiency at 3D-analysis may be improved by use 
of  Risk of  Endometrial Cancer (REC) scoring systems, without 
resorting to calculation of  vascular indices or endometrial vol-
ume.

Hysteroscopy

Diagnostic hysteroscopy with directed biopsy has been found 
to be the most sensitive and specific method of  diagnosing EC, 
other than hysterectomy [62, 63]. Biopsy of  focal lesions is per-
formed under direct visualization. Diagnostic hysteroscopy can 
be performed in the office, often without sedation, whereas op-

erative hysteroscopy is usually performed in the operating room 
under anesthesia. Clark et al [64] conducted a large meta-analysis 
to assess the accuracy of  hysteroscopy in the diagnosis of  EC and 
hyperplasia encompassing both pre- and postmenopausal women 
with AUB. A positive hysteroscopy result increased the prob-
ability of  EC to 71.8%, whereas a negative hysteroscopy result 
reduced the probability of  cancer to 0.6%; the authors conclude 
that the diagnostic accuracy of  hysteroscopy is high for EC, but 
only moderate for any endometrial disease (EC or hyperplasia). 

In the study of  Ewies et al [65], the authors subjected most eligi-
ble patients to outpatient hysteroscopy (OPH). Patients were se-
lected for inpatient hysteroscopy (IPH) and curettage on the basis 
of  unfeasibility of  OPH (e.g. technical difficulties, woman’s intol-
erance to pain), woman’s request, inconclusive OPH results, (e.g. 
poor view on using CO2 hysteroscopy), or when an endometrial 
polyp was to be removed. The authors consider hysteroscopy is a 
reliable method for evaluating women with PMB, with 90% sensi-
tivity, 94% specificity, 92% positive predictive value, 96% negative 
predictive value and an overall success rate of  96.9%. 

The van Dongen meta-analysis [62] illustrated that diagnostic hys-
teroscopy is accurate in the diagnosis of  intrauterine abnormali-
ties. Other studies using hysteroscopy [66, 67] have indicated that 
endometrial polyps measuring > 15mm are commonly associated 
with endometrial hyperplasia or EC. Other authors [44] consider 
hysteroscopy findings most important when ultrasound and EMB 
disagree.

Litta et al [23] consider outpatient hysteroscopy with biopsy as a 
mandatory procedure in all PMB women because of  the high di-
agnostic accuracy with a sensibility of  100%, specificity of  49.6%, 
positive predictive value 81.3%. For Schmidt et al [68] hysteros-
copy represents an easy, safe and effective method in the investi-
gation of  asymptomatic women with a thickened endometrium in 
TVS. The commonest pathology they documented in their study 
was endometrial polyps.

Studies on diagnostic hysteroscopy have demonstrated low rates 
of  serious complications and adverse events (e.g. vasovagal col-
lapse, creation of  false tracts, uterine perforation, etc) [62, 63]. 
As for operative hysteroscopy which is usually performed under 
general anesthesia, surgical risks are higher than diagnostic hyster-
oscopy because of  resection of  lesions [43]. Diagnostic hysteros-
copy and SIS are accurate and safe, equally invasive, but less cost-
effective than endometrial biopsy [22, 62, 68]; however highly 
(95%) sensitive and specific (90%) for EC [53, 63].

However, besides a false negative rate of  3% hysteroscopy illus-
trates some more shortcomings: it is invasive, expensive, while 
there are concerns that instrumentation spreads malignant cells 
into the peritoneal cavity. Some authors believe that it could be 
reserved to cases where an intrauterine lesion was diagnosed on 
TVS, or when TVS and/or EB are inconclusive. Bignardi et al 
[20] advocate that TVS with or without SIS can provide enough 
information to avoid an unnecessary hysteroscopy.

Dilatation and Curettage (D&C)

In current clinical practice Dilatation and Curettage (D&C) 
should not be used routinely for women with PMB [20]. Besides 
requirements for an inpatient setting, general anesthesia, operat-
ing room time and costs associated with the procedure [69] docu-
mented concerns exist over the ability of  the procedure to yield a 
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representative harvest of  the entire endometrial cavity. 

The diagnostic power of  “blind” D&C without prior hysteroscopy 
is limited with regard to the detection of  intracavitary pathologies 
[70]. In a hallmark study published several decades ago, Stock & 
Kanbour illustrated that in 16% of  surgical specimens subjected 
to D&C less than one-quarter of  the cavity has been adequately 
curetted, in 60% of  specimens less than one-half  of  the cavity 
was curetted, and in 84% of  specimens less than three quarters 
of  the endometrial cavity was effectively curetted [70]. Tabor et al 
[49] indicate that endometrial malignancy may be missed by D&C 
with a false negative rate ranging from 2% to 11%.

The withdrawn previous National Guideline Clearinghouse stated 
that D&C should be performed in women with PMB only when 
endometrial sampling is indicated and cannot be performed or is 
inconclusive and sonographic techniques are non-reassuring. In 
an older publication, if  ET was ≥7.0mm and the SIS procedure 
was negative, then formal D&C under general anesthesia was con-
sidered superior to outpatient Pipelle endometrial sampling [53]. 

Thus, very seldom should D&C be conducted as a stand-alone 
procedure any longer. Schmidt et al recommend that hysteros-
copy should precede D&C to increase diagnostic efficacy in such 
patients. Van Hanegem et al [28] advise that D&C should always 
be combined with hysteroscopy, in cases of  focal pathology.

Computed Tomography (CT)

Abdominal computed tomography (CT) is not indicated as a 
frontline test for establishing the diagnosis of  EC; indeed per-
forming a CT scan in the context of  PMB diagnostic work-up 
very rarely provides additional information. However severe un-
anticipated endometrial disease might become evident when ab-
dominal CT scans are performed in the investigation of  other, 
unrelated symptoms. 

In contrast, CT scans are indicated for investigating the presence 
of  cervical extrapelvic metastatic disease from EC [71].

Magnetic Resonance Imaging (MRI)

MRI has been established for use in assessing the depth of  myo-
metrial invasion in EC because of  its multiplanar capacity and 
its excellent soft contrast resolution. A preoperative pelvic MRI 
contributes to accurate staging, allowing planning for the scale 
of  surgery and preoperative counseling, especially when fertility-
sparing surgery is contemplated [72, 73].

Preoperative MRI has been suggested as an alternative to surgical 
staging to guide decisions on the need for lymphadenectomy and 
planning the scale of  surgery [74]. In Wu et al study [72], when 
the junctional zone in the T1 and T2-weighted images was intact, 
the tumor was considered noninvasive. In the dynamic films, dis-
ruption or irregularity on the subendometrial enhancement was 
indicative of  myometrial invasion. When the signal intensity of  
the tumor by either T2 or dynamic study penetrated more than 
half  of  the myometrium, this was considered deep myometrial 
invasion from the tumor.

Hwang et al [73] reviewed several studies implementing MRI for 
EC preoperative evaluation and detection of  deep myometrial in-

vasion; they documented a wide range of  sensitivity and specific-
ity values in MRI’s performance in this respect. Manfredi et al 
[75] illustrated that conventional MRI combined with contrast-
enhanced dynamic imaging showed excellent sensitivity, specific-
ity, PPV, and NPV results.

Dynamic contrast-enhanced MRI currently probably represents 
the best modality to assess cervical involvement in EC [76, 77]. 
Finally, when biopsy results are inconclusive regarding the true 
origin of  a uterine neoplasm, MRI is highly specific in determin-
ing primary cervical versus EC [78].

According to Lai et al [79], MRI illustrates excellent performance 
in the following parameters: Early detection of  EC, differential 
diagnosis, staging, clarification if  the neoplasm is limited to endo-
metrium or invades less than one-half  or one-half  or more of  the 
myometrium, uterine serosa invasion, vaginal involvement (direct 
extension or metastasis), invasion to bowel mucosa, distant me-
tastasis recognition, prognosis, response evaluation, surveillance, 
management of  recurrence. MRI’s ability to illustrate adnexal di-
rect extension or metastasis, parametrial involvement or invasion 
to bladder mucosa is yet unknown.

As for cervical cancer, the intergroup study conducted by the 
American College of  Radiology Imaging Network (ACRIN) 
6651/Gynecologic Oncology Group (GOG) No 183 illustrated 
that, in patients with early-stage cervical cancer scheduled for cu-
rative radical hysterectomy, MRI is superior to CT by ROC analy-
sis for evaluating uterine body involvement and measuring tumor 
size [79, 80] with sensitivity of  53% and a specificity of  74% in 
detection of  parametrial invasion (≥IIB). A European multicenter 
trial that aimed to evaluate tumor delineation by MRI in early-
stage cervical cancer showed that the agreement between MRI 
and histology was good for classifying tumors and detecting deep 
stromal invasion, but only moderately accurate in assessing para-
metrial invasion [79, 81].

Positron Emission Tomography (PET)

Positron emission tomography (PET) can provide functional 
or metabolic information with specifically labeled radiotracers 
suitable for different EC disease scenarios. Integrated PET and 
computed tomography (PET/CT) scan using radiotracers (e.g. 
18F-fluorodeoxyglucose - FDG) is now widely used clinically [79]
The introduction of  hybrid PET/MRI benefits from low radia-
tion dose and high soft tissue contrast, and possesses enormous 
potential.

According to Lai et al [79], PET/CT illustrates excellent perfor-
mance in the following parameters: Early detection of  EC, distant 
metastasis recognition, prognosis, response evaluation, surveil-
lance, and management of  recurrence. 

Based on the same article, PET/MRI illustrates excellent perfor-
mance in the following parameters: Early EC detection, differen-
tial diagnosis, staging, clarification if  the neoplasm is limited to 
endometrium or invades less than one-half  or one-half  or more 
of  the myometrium, uterine serosa invasion, invasion to stromal 
connective tissue of  the cervix, adnexal direct extension or me-
tastasis, vaginal involvement (direct extension or metastasis), para-
metrial involvement, invasion to bowel mucosa, distant metasta-
sis, prognosis, response evaluation, surveillance, and management 
of  recurrence.
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Biomarkers - Molecular Markers

Several approaches have been reported in this emerging field. Mu-
tations within PTEN are observed in a high percentage of  Type 
1 EC’s, resulting in hyperactiviation of  mTOR (mammalian target 
of  rapamycin) [3, 82]. Since the documentation of  correlations 
between vascular endothelial growth factor (VEGF) expression 
and prognostic factors in EC; inhibition of  angiogenesis might 
also represent a mechanism for more targeted therapies [3].

EGFR overexpression has been demonstrated in both Type 1 and 
Type 2 EC, however, the initial results of  some EGFR inhibitor 
trials have not been fully consistent [83, 84]. ErbB receptors also 
possess an emerging role in EC [85-88, 107].

The metanalysis of  Cheng et al [89] indicates a possible role for 
circulating YKL-40 (chitinase-3-like 1 protein (CHI3L1)) in the 
diagnosis of  EC. Histochemical studies have suggested that ex-
pression of  proliferation-related (Ki–67, CD105) and apoptosis-
related (Bcl-2, p53) proteins might predict the malignant potential 
of  polyps [90, 91].

Tsukamoto et al [92] identified a set of  endometrioid EC-asso-
ciated micro-RNAs (miRNAs) in tissue and plasma samples by 
sequencing approach. The authors conclude that EEC-associated 
miRNAs in those samples could potentially discriminate endome-
trioid EC samples with high accuracy. Wang et al [93] illustrated 
that three miRNAs (miR-15b, -27a, and -233) have a possible clin-
ical value in endometrioid EC diagnosis. The authors suggested 
that miR-27a and CA125 can be combined in a mathematical clas-
sifier as a potential non-invasive biomarker for detecting endome-
trioid EC. This classifier, including miR-27a and CA125, demon-
strated a high accuracy in the diagnosis of  endometrioid EC and 
might serve as a novel non-invasive biomarker in the future.

Cytology

Kinde et al [94] demonstrated that DNA mutational analyses of  
samples collected during the acquisition of  common Pap smears 
may be capable of  detecting ovarian and EC.

In a well-documented study, Norimatsu et al [95] illustrated that 
liquid-based preparation (LBP) of  the endometrial lesions can be 
an important diagnostic tool for a variety of  endometrial abnor-
malities; such as endometrial hyperplasia and EC.

Among others, a recent study by Novetsky et al [96] assessed 
the utility and management of  vaginal cytology in the setting of  
follow-up after EC treatment. The authors conclude that vaginal 
cytology is of  limited utility in detecting recurrent EC and sug-
gest that Pap tests indicative of  ASC-US/LSIL can be followed 
without resorting to colposcopy.

Patients on Tamoxifen

Tamoxifen (TMX) is a Selective Estrogen Receptor Modulator 
(SERM) used as an antagonist of  the estrogen receptor in the 
breast tissue. On the endometrium, it possesses a weak estrogenic 
activity. In standard dosages, tamoxifen may be associated with 
endometrial proliferation, hyperplasia, polyp formation, invasive 
EC, and uterine sarcoma. The increased relative risk of  develop-

ing EC for women on tamoxifen is 2-3 times higher than that of  
an age-matched population. Stage, grade, histology, and biology 
of  tumors that develop in individuals treated with tamoxifen (20 
mg/d) are no different from those that arise in the general popu-
lation [97]. Following cessation of  TMX use, the endometrium 
tends to return to normal [98]. 

Postmenopausal women receiving tamoxifen should be closely 
monitored for endometrial hyperplasia or EC symptoms. How-
ever, correlation is poor between ultrasonographic measurements 
of  endometrial thickness and abnormal pathology in asympto-
matic tamoxifen users because of  tamoxifen-induced subepithe-
lial stromal hypertrophy [99]. TMX induces stromal changes in 
the endometrium which thickens in a ‘Swiss-cheese like pattern’ 
caused by multiple intra-endometrial cysts of  varying size [20]. 
Theoretically, tamoxifen effect on the endometrial lining is not 
observed before 2 years of  use [100]. 

The recently reviewed ACOG Committee Opinion on Tamox-
ifen No 601 [101] states that the risks of  endometrial prolifera-
tion, endometrial hyperplasia, EC, and uterine sarcomas, and any 
abnormal vaginal bleeding, bloody vaginal discharge, staining, or 
spotting should be investigated. An increased risk exists, both 
for premenopausal and postmenopausal women, of  endometrial 
polyp formation following tamoxifen use. Evidence suggests the 
presence of  high-risk and low-risk groups for development of  
atypical hyperplasias with tamoxifen treatment in postmenopausal 
women based on the presence or absence of  benign endome-
trial polyps before therapy [101]. The same publication states that 
“Premenopausal women treated with tamoxifen have no known 
increased risk of  uterine cancer and require no additional moni-
toring beyond routine gynecologic care”. If  atypical endome-
trial hyperplasia develops, appropriate gynecologic management 
should be instituted, and the use of  tamoxifen should be reas-
sessed The authors of  the 2014 Committee Opinion state that 
“Unless the patient has been identified to be at high risk of  EC, routine 
endometrial surveillance has not proved to be effective in increasing the early 
detection of  EC in women using tamoxifen and is not recommended”.

Conclusively, in asymptomatic women using tamoxifen, screening 
for EC with routine TVS, endometrial biopsy, or both has not 
been shown to be effective although SIS might yield some addi-
tional information. To distinguish between an empty cavity with 
a cystic appearance of  the subepithelial layer of  the endometrium 
and true lesions inside the uterine cavity, SIS or hysteroscopy are 
recommended in case of  a thickened endometrium at TVS in 
symptomatic TMX users [20].

Bignardi et al [20] suggested endometrial assessment prior to ini-
tiation of  TMX treatment, and careful follow-up in all high-risk 
patients with baseline, initial lesions. Other authors [102] who 
studied asymptomatic women with breast cancer documented a 
high prevalence of  baseline subclinical endometrial polyps, espe-
cially in obese postmenopausal patients with estrogen receptor 
positive breast cancer. They suggest a rationale for baseline pre-
tamoxifen screening of  some sort for the group of  obese asymp-
tomatic postmenopausal patients, especially if  they are elderly and 
ER positive.

Metastatic Assessment For Newly Diagnosed En-
dometrial Cancers
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Given their non-invasiveness, imaging modalities (CT, MRI, PET/
CT) are the most popular method for detecting possible EC me-
tastasis. The Society of  Gynecologic Oncology's (“SGO”) Clini-
cal Practice Committee 2014 recommendations [103] suggest: i) 
Routine preoperative assessment of  EC patients with imaging 
tests evaluating for metastasis is not necessary (Level of  evidence: 
A), and ii) Serum CA125 measurement may be useful in manage-
ment planning of  selected EC patients but cannot currently be 
recommended for routine clinical use (Level of  evidence: C).

Critical Appraisal of  Diagnostic Strategies

The standard diagnostic evaluation for EC includes pelvic ultra-
sonography (preferably TVS), office endometrial biopsy, or dilata-
tion and curettage (D&C) with or without hysteroscopy. However, 
no single test has been proven to yield a globally high diagnostic 
accuracy for all different patients harboring EC. Several differ-
ent diagnostic algorithms have been proposed combining two or 
more available tests [20, 22, 28, 29, 53, 104]. The exact sequence 
of  investigation will depend upon local expertise and resources, 
clinical judgment and possibly patient preference.

Today, in everyday clinical practice in most countries, TVS would 
represent the reasonable first-line approach, with the probabil-
ity of  endometrial pathology strongly reduced with an ET ≤ 4 
mm so that endometrial sampling is not recommended below this 
threshold; even though some cancers will be inevitably missed 
[11, 16, 21, 49]. For women with PMB with an ET at TVS > 4 
mm, more invasive testing is required. The same applies when ET 
cannot be visualized adequately. Different guidelines use differ-
ent cut-off  values of  ET, varying from 3 to 5mm. These cut-off  
points are mostly based on the older review by Gupta et al [16] 
and the work of  Smith-Bindman [21, 46], as well as the Nordic 
literature. 

An incidental finding of  a thick endometrium on TVS in post-
menopausal women is common (10–17%) and, in the absence of  
PMB does not automatically require intervention [22]. In the pur-
suit of  a failsafe histological diagnosis, clinicians should be also 
aware that EC might rarely arise in one of  the two cornus of  
a bicornuate uterus which was yet unknown [105]. Additionally, 
there is some evidence that TVUS may be less sensitive for the 
detection of  Type 2 EC’s irrespective of  the endometrial stripe 
thickness and morphology [52, 106].

Two factors that should be kept in mind, based on the author’s 
opinion, are i) Several published algorithms fail to discriminate 
between symptomatic (PMB) and asymptomatic women; thresh-
olds should be different for lean and obese patients, as well as 
women in the early and late menopause, and ii) As mentioned 
above, protocols are very often dictated by the availability of  
equipment, consumables, costs and physicians’ skills or preferenc-
es. These considerations highlight the need for universal detailed 
algorithms, based on economic models and large meta-analyses.

More than 10 years ago, Medverd et al [39] pointed out a para-
mount economic principal, illustrating that the population preva-
lence of  any neoplastic disease is the key factor that determines 
total cost-effectiveness between competing diagnostic algorithms. 
The authors illustrated that in populations with 31% or less com-
bined prevalence of  EC/atypical adenomatous hyperplasia, algo-
rithms utilizing TVS as the initial test are the most cost minimiz-
ing. At combined endometrial carcinoma/atypical adenomatous 

hyperplasia prevalence ranging around 10%, savings of  up to 11% 
and 16% over pathways initiated with endometrial biopsy are pre-
dicted. However, in populations with a high incidence of  neo-
plastic disease (>31%), biopsy-based algorithms should become 
least costly.

The recent Society of  Gynecologic Oncology's (“SGO”) Clinical 
Practice Committee 2014 recommendations [103] suggest that: i) 
Outpatient endometrial biopsy with the Pipelle catheter is reliable 
and accurate for the detection of  disease in most EC cases (Level 
of  evidence: A). ii) Hysteroscopic-guided endometrial biopsy re-
mains the gold standard for EC diagnosis (Level of  evidence: A). 
iii) TVS is highly sensitive and specific in predicting the presence 
of  EC and can thus be used to triage patients for endometrial 
biopsy (Level of  evidence: B). iv) Should symptoms persist despite 
negative findings from the previously cited tests, further evalua-
tion is justified because none of  these tests have 100% sensitivity 
(Level of  evidence: B).

The largest older meta-analyses (Gupta, 2002) [16], with almost 
10,000 patients, illustrated that an ET ≤ 3 mm provides a posttest 
probability of  0.4% for EC; a 4-mm threshold, 1.2%; and a 5-mm 
threshold, 2.3% (Hierarchy of  evidence: Class 2). The best quality evi-
dence in this study was that for the 5mm threshold. In short, this 
meta-analysis concludes that despite	  TVS-measured ET has lim-
ited diagnostic ability in predicting endometrial hyperplasia or EC, 
however it still excludes effectively most of  endometrial pathol-
ogy. The authors stress the need for well-appointed prospective 
randomized controlled trials on TVS-measured ET. 

Almost ten years later, Jacobs et al [8] published on a nested-case-
control study with prolonged follow-up of  37,000 postmenopau-
sal participants who underwent TVS. With an ET cutoff  of  5 
mm, sensitivity was 80.5% and specificity was 85.7% for EC or 
AEH. An increased cutoff  of  10 mm or greater resulted in a re-
duced sensitivity and increased specificity 

In this study [8], the logistic regression model identified 25% 
of  the population as at high-risk; indeed 39.5% of  EC or AEH 
cases were actually within this specipic group. In this high-risk 
population, a cutoff  at 6.75 mm achieved sensitivity of  84.3% 
and specificity of  89.9% for EC. In this study population, logistic 
regression showed that decreased EC or AEH risk was associated 
with the use of  the oral contraceptive pill, age at menarche, and 
pregnancies longer than 6 months, while increased risk was as-
sociated with rising weight, increasing age, and personal history 
of  breast and other cancer. While the authors comment that in 
clinical practice asymptomatic women are not investigated, the 
also conclude that TVS screening for EC has good sensitivity in 
postmenopausal women. The authors point that the burden of  
diagnostic procedures and false-positive results can be reduced 
by limiting screening to a higher-risk group; however they reckon 
that the role of  population screening for EC remains uncertain.
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