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Abstract

Endometrial carcinoma (EC) is the most common gynecologic malignancy in the United States. Prognosis depends on patient age, 
histological grade, depth of myometrial invasion and/or cervical invasion, and the presence of lymph node metastases. Although EC 
is staged surgically according to the International Federation of Gynecology and Obstetrics (FIGO) system, preoperative imaging 
can assist in optimal treatment planning. Several imaging techniques such as transvaginal ultrasonography (TVUS), computed 
tomography (CT), and magnetic resonance imaging (MRI) have been used as diagnostic tools for preoperative staging of EC. 
Recently, positron emission tomography (PET), PET/CT, and PET/MRI have also been used in staging these patients. In this article, 
we review the value of imaging in diagnosis, staging, treatment planning, and detection of recurrent disease in patients with EC.
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Introduction

Endometrial carcinoma  (EC) is the most common 
gynecologic malignancy and the fourth most common 
cancer in women in the United States.[1] However, in 
developing countries, it is the second most common 
gynecologic malignancy with an incidence of 5.9 per 
100,000 women. In India, the incidence is 4.3 per 100,000 
women.[2] Around 52,630 new cases of cancer involving the 
uterine corpus, mostly endometrial, would be diagnosed 
and approximately 8590 deaths from this disease are 
estimated to occur in the United States in 2014.[1] Patients 
present with abnormal uterine bleeding (intermenstrual or 
postmenopausal) in more than 80% of cases. EC is more 
common during the 6th  and 7th  decades of life, with the 
mean age of patients being 65 years.[3]

Obesity, unopposed estrogen intake, nulliparity, diabetes 
mellitus, Stein–Leventhal syndrome, Lynch syndrome, 
and tamoxifen therapy are the known risk factors for the 
development of EC.[3] However, the etiology of EC is not 

completely clear. Definitive diagnosis of EC is generally 
made via endometrial biopsy or dilatation and curettage.

Histologically, ECs are divided into two subtypes. The most 
common is the endometrioid adenocarcinoma (type I) that 
accounts for 90% of the tumors. Type I ECs are associated 
with estrogen excess and obesity. These tumors often 
arise in a background of endometrial hyperplasia, occur 
in the early postmenopausal period, generally are low 
grade, and have a good prognosis. Based on the degree 
of differentiation, endometrioid adenocarcinomas are 
subdivided into three grades: Grade 1, well differentiated; 
grade  2, moderately differentiated; and grade  3, poorly 
differentiated tumors.[4]

Type II ECs include the clear‑cell, serous papillary subtypes 
and carcinosarcomas. Type II cancers have no association with 
estrogen excess or atypical hyperplasia, generally occur in 
older women, carry a worse prognosis, and spread like ovarian 
cancer. All type II cancers and grade 3 endometrioid tumors 
are classified as high‑grade tumors and are associated with 
a poor prognosis.[5]   Recent studies suggest mutations may 
be present in individual genes such as p53, HER2/neu, and 
phosphatase and tensin homolog  (PTEN) in patients with 
high‑grade endometrial tumors. Mutant tumor suppressor 
p53 overexpression has been associated with poor histological 
grade, non‑endometrioid histology, advanced stage, and poor 
survival rates.[6,7] Positive biomarker, p21, and microsatellite 
instability have a better prognosis[8] and PTEN mutations 
are typically associated with more favorable prognosis.[9] 
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HER2/neu proto‑oncogene overexpression has been associated 
with poor outcomes in breast, ovary, and endometrial cancer.[10]

Using histological type and local extension of the disease, 
EC can be classified as high‑risk EC (high grade or stage ≥IB) 
and low-risk EC (low grade and stage IA). Parameters that 
impact prognosis and survival are: the stage of disease at 
diagnosis, histological grade, depth of myometrial invasion, 
lymphovascular invasion, and lymph node status.[11] Grade 3 
histological type and the presence of greater than 50% depth 
of myometrial invasion are associated with poor survival 
and a high prevalence of pelvic and para-aortic lymph node 
metastases.[11] Owing to early symptoms, approximately 
75% of women with EC are diagnosed with stage I disease. 
The mean 5-year survival rate for stage I is 85%, for stage II 
is 70%, for stage III is 50%, and for stage IV is 18%.[12]

EC spreads by direct infiltration or via lymphatic, 
transtubal peritoneal seeding or hematogenous routes. 
Locally, EC initially invades the myometrium and then the 
endocervix. After transserosal spread, direct invasion of the 
parametrium, bladder, or bowel may occur.[12]

The location of lymph nodes metastases reflects the portion 
of the uterus involved by the cancer. The parametrial, 
paracervical, and the obturator lymph nodes are involved 
when the cancer affects the middle and lower third of the 
uterus. The common iliac and obturator lymph nodes are 
involved when the tumor is located in the upper corpus or 
fundus of the uterus.[12]

Staging
Staging of EC is based on surgicopathologic International 
Federation of Gynecologic Oncology  (FIGO) criteria.[13,14] 
The surgicopathologic staging system uses findings from 
exploratory laparotomy, total abdominal hysterectomy, 
bilateral salpingo‑oophorectomy, peritoneal lavage, and 
pelvic and para‑aortic lymphadenectomy. Surgical staging 
is not performed in patients who are at increased risk for 
mortality or severe morbidity secondary to comorbidities. 
Para‑aortic lymphadenectomy is usually performed in 
patients who have deep myometrial invasion or high 
histological tumor grade.

The FIGO revised the 1988 staging of gynecologic 
malignancies in 2009[13,14] [Table 1]. Stage I reflects ECs that 
are confined to the uterine corpus. It is further divided into 
stages IA and IB. Stage IA reflects tumors that are confined 
to the inner endometrium and invade less than 50% of the 
myometrial thickness. Stage IB represents tumors with more 
than 50% of myometrial thickness invasion. The difference 
in prognosis which is dependent on the depth of myometrial 
invasion makes its important to distinguish between stages 
IA and IB.

In relation to extension of tumors to the cervix, currently, 
tumors with endocervical glandular invasion only are 
considered stage I tumors and tumors with cervical stromal 
invasion are defined as stage II tumors.

Stage III represents tumor with local or regional spread 
beyond the uterus, but not outside the true pelvis. It is 
further divided into stage IIIA which includes tumors 
that invade the uterine serosa and/or adnexa, stage IIIB 
which includes tumors that extend into the parametrium 
and/or with vaginal involvement, and stage IIIC which 
includes tumors with spread to pelvic or para‑aortic lymph 
nodes. Stage IIIC is further divided into stage IIIC1 when 
the tumor presents with pelvic lymph node involvement 
and stage IIIC2 when there is para‑aortic lymph node 
involvement (with or without pelvic nodes).

Stage IV represents tumors that are locally advanced or 
have distant metastases. It is further divided into stage 
IVA that includes tumors with extension to the bladder or 
bowel mucosa and stage IVB consisting of tumors that have 
distant metastases.

Though surgical staging is accepted worldwide, 
cross‑sectional imaging is frequently used to aid in 
pre‑surgical evaluation and to help determine the type 
of therapy which is necessary. Potential advantages of 
preoperative imaging include: assessment of the depth 
of myometrial invasion, which in turn may predict the 
likelihood of lymph node involvement; determination of 
gross cervical invasion not detected by evaluation under 
anesthesia or by physical exam, which requires preoperative 
radiation therapy; and the identification of suspicious 
lymph nodes suggestive of metastatic disease, so that they 
can be sampled and patients may undergo neoadjuvant 
chemotherapy.

Table 1: International federation of gynecology and obstetrics 
staging system for endometrial cancer, 2009[12]

FIGO stage Description
Stage IA Tumor confined to the uterus, no invasion or invasion of less 

than one‑half of the myometrial thickness

Stage IB Tumor confined to the uterus with invasion of more than 
one‑half of the myometrial thickness

Stage II The tumor invades the cervical stroma, but does not extend 
beyond the uterus

Stage IIIA The tumor invades the uterine serosa or adnexa

Stage IIIB Vaginal and/or parametrial involvement

Stage IIIC The tumor has spread to pelvic or para‑aortic lymph nodes

Stage IIIC1 Pelvic lymph node involvement

Stage IIIC2 Para‑aortic lymph node involvement (with or without pelvic nodes)

Stage IVA Tumor invasion of the bladder and/or bowel mucosa

Stage IVB Distant metastases including abdominal metastases and/or 
inguinal lymph nodes
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Imaging techniques
Ultrasound
TVUS is often used for the initial evaluation in women 
with history of postmenopausal bleeding because it is 
quick, inexpensive, and does not expose the patient to 
ionizing radiation. ECs typically present as thickening 
of the endometrium and TVUS diagnosis of endometrial 
cancer is based on endometrial thickness that is 
measured in the anteroposterior dimension  [Figure  1]. 
The sensitivity and specificity of TVUS for detecting EC 
approach 96% and 61%, respectively, when an endometrial 
thickness threshold of 5 mm, in postmenopausal women, 
is used to define abnormal endometrial thickening.
[15] A meta-analysis suggested a sensitivity of 68-100% 
and a specificity of 71-90% for subjective assessment of 
deep myometrial invasion.[16] Furthermore, the negative 
predictive value of a thin endometrium is very high. 
Also, cancer is more likely when the endometrium has a 
heterogeneous echotexture and irregular or poorly defi 
ned margins.

It can be difficult to delineate the tumor margins 
on ultrasound,  especial ly when i t  is  diffusely 
infiltrating the myometrium  [Figure  2]. The reported 
sensitivity and specificity for TVUS in determining 
the depth of myometrial invasion are 69% and 70%, 
respectively.[12] Myometrial invasion is suggested when 
there is irregularity of the endometrium  ‑ myometrium 
border  and disrupt ion of  the  subendometr ia l 
halo  (inner layer of myometrium) or the tumor extends 
asymmetrically into the myometrium.[12] The use of saline 
infusion (i.e., sonohysterography) increases the accuracy 
of TVUS to 84‑89% in evaluating deep myometrial 

invasion.[17] However, its use is controversial with several 
reports indicating that the procedure may disseminate 
malignant cells into the peritoneal cavity.[18]

Limitations of TVUS include its operator dependence 
and limited field of view. TVUS may overestimate 
myometrial invasion in the presence of large tumors, 
adenomyosis, and lymphovascular space invasion. In 
addition, there is insufficient data about the value of TVUS 
in predicting cervical extension, parametrial invasion, or 
lymphadenopathy.[19]

Although color Doppler ultrasound often reveals increased 
vascularity with a multivessel pattern and spectral Doppler 
indices may have low impedance flow, it has a limited role 
in evaluating patients with EC since there is no significant 
difference in uterine blood flow between benign and 
malignant endometrial processes.[20]

Computed tomography
On contrast‑enhanced CT, EC appears as a hypoattenuating 
and hypoenhancing mass in the endometrial cavity [Figure 3]. 
However, this appearance is nonspecific and the differential 
diagnosis of a hypoenhancing endometrial mass on CT 
includes submucosal leiomyomas, endometrial polyps, or 
cervical stenosis.

CT’s poor soft tissue differentiation limits its use in the 
local staging of EC. CT is less sensitive and less specific in 
accurately visualizing myometrial invasion and cervical 
involvement than MRI. The sensitivity and specificity of 
CT in evaluating myometrial invasion range from 40% 
to 83% and from 42% to 75%, respectively.[21] A more 

Figure 2: A 72-year-old female with endometrial cancer. Longitudinal 
transvaginal scan through the uterus demonstrates markedly thickened 
and heterogeneous endometrium (arrows) with ill-defined anterior 
border and no clear separation from the myometrium (arrowheads), 
suggestive of myometrial invasion

Figure 1 (A-D): A 67-year-old female with endometrial cancer. 
(A) Longitudinal transabdominal scan. (B) Transvaginal scan and 
a 3-D reconstructed ultrasonography image (C) through the uterus 
demonstrate a thickened and heterogeneous endometrium measuring 
2.0 cm (arrows). Note regular endometrial–myometrial border with no 
signs of invasion (arrowheads). (D) Note increased vascularity in the 
color Doppler US (black arrow)
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