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Abstract
The purpose of this article is to review the current molecular classification of endometrial cancer, the imaging findings in 
early and advanced disease, and the current management strategies, focusing on the new systemic therapies for advanced 
EC. In recent years, the management of endometrial cancer has significantly changed. The molecular characterization of 
endometrial cancer has shed new light into the biologic behavior of this disease, the International Federation of Gynecol-
ogy and Obstetrics staging system was recently revised, and imaging was formally incorporated in the management of 
endometrial cancer. Recent genomic analysis of endometrial cancer led to the approval of new molecular-targeted therapies 
and immune checkpoint inhibitors. Imaging allows assessment of myometrial invasion, cervical stromal extension, lymph 
node involvement and distant metastases, and has a crucial role for treatment planning. Treatment strategies, which include 
surgery, radiation and systemic therapies are based on accurate staging and risk stratification.
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Keywords  Endometrial cancer · FIGO staging · Molecular subtypes · MR imaging

Introduction

Endometrial Cancer (EC) is the most common cancer of the 
female reproductive organs in the United States [1, 2]. The 
incidence has been rising in recent years, due to various 
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factors, including increased obesity and increasing age of 
the population [3]. The age-adjusted death rate for uterine 
cancer has also increased in the past years, shifting from 
4.08 for 100.000 women in 1998 to 5.10 for 100.000 women 
in 2018 [4]. There are substantial racial disparities in EC: 
The average death rate per 100.000 from 2012 to 2016 was 
8.8 for black women and 4.5 for white women [1]. These 
disproportions have been accredited, among multiple causes, 
to an increased incidence of tumors with advanced-stage and 
aggressive histology along with decreased use of surgery for 
black women [5].

Pathogenesis and clinical behavior of EC is heterogene-
ous. Based on clinical and histological variables, two main 
types of EC have been described: type I tumors, which are 
frequently associated with hyperestrogenism, mostly show 
well-differentiated endometrioid histology, and express 
moderate to high levels of estrogen receptor; type II tumors, 
which are not associated with metabolic or endocrine dis-
orders and often arise in nonobese women, are poorly dif-
ferentiated, most commonly of serous or clear cell histology. 
Although the vast majority of EC diagnosed are type I and 
early stage, which has a favorable prognosis, with 86% over-
all survival rate, type II EC often presents with advanced 
disease, has an 80–90% recurrence rate at three years and 
carries a poor prognosis, with 56% overall survival rate 
[5–9].

Traditional pathological reporting of EC has limitations 
due to poor reproducibility of tumor typing and to accurately 
identify patients at risk for recurrence or metastatic disease. 
The identification of the underlying molecular background 
of EC has resulted in the development of new molecular-
based classifications of EC and in the design of new clinical 
trials for new systemic therapies, which include molecular-
targeted therapies and immune checkpoint inhibitors for the 
various molecular subtypes [10, 11].

The International Federation of Gynecology and Obstet-
rics (FIGO) staging system is the generally accepted method 
for EC staging. An accurate determination of cancer extent 
is important for appropriate application of treatment [12]. 
The initial imaging workup depends on whether the patient 
will follow nonfertility-sparing or fertility-sparing treatment. 
When available, MRI is the study of choice for the ana-
tomical study of the pelvis since it can accurately depict the 
depth of myometrial invasion and cervical stromal invasion 
[13]. Imaging is also crucial for adjuvant treatment planning, 
detection of post-operative residual disease in high-risk 
patients, and post-treatment surveillance of asymptomatic 
patients with high risk of recurrence [14].

The ability to reduce mortality of EC ultimately depends 
on adequate diagnosis and management of advanced and 
recurrent disease [7]. The management of EC should be in 
a multidisciplinary setting, where clinical, histologic and 
imaging findings are discussed, allowing for individualized 

treatment [12]. Radiologists, as part of the multidisciplinary 
team, should be knowledgeable about the recent advances 
in classification, diagnosis and management of EC. In this 
article, we will review the basis for the molecular classifi-
cation, the imaging findings in early and advanced disease, 
and the current management strategies, focusing on the new 
systemic therapies for advanced EC, and ultimately, we will 
present the most recent advances in radiomics of EC.

Molecular background of EC

In recent years, various molecular-based classifications of 
EC have been proposed [15, 16]. Most notably, The Cancer 
Genome Atlas (TCGA) stratifies EC into four distinct prog-
nostic groups: polymerase ε (POLE) ultramutated, micros-
atellite instability (MSI) hypermutated, copy-number low, 
and copy-number high [17, 18].

POLE‑mutated/ultramutated

EC with missense mutations in the POLE proofreading 
domains are characterized as POLE ultramutated. Approxi-
mately 7% of EC present this type of mutation. DNA poly-
merases have a proofreading domain responsible for DNA 
replication fidelity. Loss-of-function mutations in POLE 
proofreading domains increase the number of DNA replica-
tion errors and the incidence of neoplasms [19, 20]. These 
EC are typically high-grade, with prominent lymphocytic 
infiltration, and generally difficult to classify reliably based 
on histology alone. In TCGA study, these tumors were 
found to have a more favorable progression-free survival 
as compared with the other three groups of ECs [20, 21]. 
The excellent survival outcome in POLE subtypes is poorly 
understood: it has been postulated that the large number of 
mutations renders these cancers highly immunogenic for the 
host, due to the high number of neoantigens binding to the 
histocompatibility complexes, which ultimately induces an 
enhanced anti-tumor T-cell response [20, 21].

Microsatellite instability

The MSI group accounts for approximately 30% of EC and 
comprises defects in post-replicative DNA mismatch repair 
(MMR) system, resulting in genomic instability by facilitat-
ing the accumulation of somatic mutations [22]. Most of 
these tumors are sporadic, arising as a result of epigenetic 
silencing of MLH1 by promoter methylation. However, 
a minority is caused by germline mutations in the MMR 
genes, resulting in Lynch syndrome, an autosomal-domi-
nant syndrome associated with a markedly increased risk 
of colorectal carcinoma and EC [23]. Like POLE-mutated 
EC, these tumors typically display a prominent lymphocytic 
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infiltration, which in conjunction of high mutation load, 
make them potential candidates for immune checkpoint 
inhibitors therapy [24, 25].

Copy‑number low

Copy-number low tumors comprise the majority of EC, have 
low mutation frequency, are microsatellite stable and include 
low-grade endometrioid carcinomas. The progression-free 
survival of this group was lower than the POLE-mutated/
ultramutated group in TCGA. Multiple mutated genes 
were identified, including PTEN, PIK3CA, CTNNB1 [16]. 
Somatic alteration of the PI3K pathway was present in 92% 
of copy-number low cases in TCGA study. The frequent 
activation of the PI3K–PTEN–AKT–mTOR pathway makes 
it an attractive therapeutic target, with many clinical trials 
evaluating the efficacy of mTOR inhibitors, PI3K inhibitors, 
AKT inhibitors, and dual PI3K–mTOR inhibitors [15].

The RAS/beta catenin pathway is also frequently mutated 
in this group, and within this pathway CTNNB1 mutations 
are frequent [26, 27]. Some studies have identified asso-
ciations between CTNNB1 mutations and poor outcome in 
low-risk endometrioid carcinomas, suggesting the possibility 
of a prognostic significance for the CTNNB1 mutation [15].

Copy‑number high (serous‑like)

This group consists primarily of serous-like tumors with 
extensive somatic copy-number alterations and a low 
mutation rate. Approximately 25% of the grade 3 endo-
metrioid cancers were in this category. This group exhibits 

TP53 mutations and amplifications in oncogenes MYC 
and HER2, which are all involved in cell-cycle regulation 
[27]. The presence of amplifications of HER2 suggests a 
potential role for human epidermal growth factor receptor 
2 (HER2)-targeted therapy [5].

Staging of EC‑role of imaging

EC is commonly staged through the FIGO staging sys-
tem (Fig. 1). Surgical staging is the standard of care, and 
consists of total hysterectomy, bilateral salpingo-oopho-
rectomy, peritoneal washing, and lymph node assessment. 
Preoperative imaging is crucial because it can optimize the 
treatment plan by allowing differentiation between early 
and advanced stage. Imaging is also useful to identify 
recurrence and assess local treatment response [28, 29].

In patients undergoing nonfertility-sparing treatment, 
the National Comprehensive Cancer Network (NCCN) 
guidelines for EC imaging consider pelvic MRI to assess 
local disease extent and pelvic transvaginal ultrasound 
(TVUS) to assess uterine size if not clear on clinical exam 
[30–32]. For patients undergoing fertility-sparing treat-
ment, pelvic MRI is preferred to preoperatively stage and 
determine local disease extent to exclude myometrial inva-
sion. In addition, chest imaging, either chest x-ray or chest 
CT should be considered at diagnosis [32]. Based upon 
symptoms or physical exam findings, a metastatic workup 
including abdominal/pelvic and/or chest CT and/or whole-
body PET/CT, may be indicated [30–32].

Fig. 1   Illustrated FIGO staging 
system for endometrial cancer. 
a Stage 1 disease is subdivided 
according to depth of myome-
trial invasion. b Stage II disease 
is confined to the uterus. c Stage 
III disease depicted by extrau-
terine disease. d Stage IVA 
disease with bladder or rectum 
involvement and distant organ 
spread of Stage IVB disease
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Imaging of early‑stage disease

Gynecological examination is usually completed by TVUS, 
which is performed with a high frequency probe and a small 
field of view, allowing good local evaluation. Several authors 
indicate an endometrial thickness of < 5 mm as the normal 
cut-off value in post-menopausal women in the presence of 
bleeding [33]. In post-menopausal women without bleeding, 
the role of TVUS is less clear, but an endometrial thickness 
of < 5 mm often does not need further evaluation, given that 
an endometrial thickness of < 5 mm has greater than 99% 
negative predictive value for EC [34].

At TVUS, myometrial invasion appears as an iso- or 
hyperechoic tissue compared to the surrounding myome-
trium. An intact subendometrial halo (inner layer of myo-
metrium) usually indicates no more than superficial inva-
sion, whereas obliteration of the halo indicates deep invasion 
(Fig. 2). The cervix should be examined in a sagittal plane 
for tumor invasion into the cervical stroma [35]. The dis-
tance from the outer cervical os to the lower tumor margin 
is the only parameter that might have the potential to predict 
cervical invasion [14, 35].

On MRI, EC usually appears of intermediate signal 
intensity on T2-weighted images (T2WI). The subjacent 
myometrium is composed of an inner layer or “junctional 
zone”, which demonstrates hypointense signal on T2WI, 
while the outer layer is more variable in signal but usually 
shows intermediate signal (Fig. 3). MRI is the modality 
of choice to evaluate for the presence of myometrial inva-
sion of EC with reported accuracy ranging from 83 to 92% 
[29]. T2-weighted MRI is the fundamental sequence for 
evaluating myometrial invasion, allowing the distinction 
between the intermediate signal intensity tumor against 

the hypointense junctional zone [29, 36]. On diffusion-
weighted imaging (DWI), EC exhibits restricted diffusion 
compared with the normal myometrium and endometrial 
tissue [29, 37].

On contrast-enhanced sequences, the inner myometrial 
layer enhances uniformly during the early dynamic phase. 
Disruption of this layer or breach of the junctional zone 
is indicative of myometrial invasion. Therefore, an intact 
junctional zone with continuous subendometrial enhance-
ment can exclude deep myometrial invasion with a diag-
nostic accuracy ranging from 83 to 96% [38, 39].

The incidence of nodal metastasis in patients with 
less than 50% and greater than 50% myometrial inva-
sion is reported to be 5% and 18%, respectively. Depth 

Fig. 2   66-year-old woman 
with post-menopausal bleed-
ing. TVUS transverse image 
showing an endometrial mass 
with obliteration of subendo-
metrial halo (arrows), reflecting 
myometrial invasion. Histopa-
thology analysis confirmed the 
presence of a 5 cm endometrial 
adenocarcinoma invading 
20 mm (> 50%) into the myo-
metrium

Fig. 3   36-year-old woman. Normal MRI appearance of the uterus. 
T2-hyperintense endometrium (white arrow), hypointense junctional 
zone (blue arrow), and isointense myometrium (yellow arrow). The 
cervix demonstrates a hyperintense endocervical canal (arrowhead) 
and hypointense cervical stroma
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of myometrial invasion also correlates with higher tissue 
grades, higher risk of recurrence, and decreased survival 
rates [40].

Tumors confined to the uterus are classified as stage I or 
II. Stage IA disease has absent or less than 50% of myome-
trial invasion (Fig. 4). Stage IB has more than 50% myome-
trial invasion (Fig. 5). When the tumor invades the cervical 
stroma but does not extend beyond the uterus, corresponds 
to a stage II (Fig. 6) [29]. On T2WI, the cervical mucosal 
invasion is visualized as a widened endocervical canal with 
preservation of the T2-hypointense cervical stroma. When 
there is stromal invasion, the lesion with higher signal inten-
sity disrupts the T2-hypointense cervical stroma. The pres-
ence of cervical invasion increases the risk of recurrence and 
worsens outcome [40].

Imaging of advanced‑stage disease

Tumors beyond stage II are no longer confined to the uterus 
and there is local and/or regional spread of the tumor. In 
stage III disease, the tumor extends beyond the uterus. Stage 
IIIA tumors invade the uterine serosa or the adnexa. There is 
disruption of the serosal hypointense signal in T2WI. Stage 
IIIB tumors invade the vagina or the parametrium (Fig. 7). 

Parametrial involvement appears as disruption of the cervi-
cal serosa with direct extension into the surrounding para-
metrial fat. It is demonstrated as disruption of the normally 
smooth outer contour of the cervix on T2WI and a change in 
the parametrial fat signal intensity on T1-weighted images 
(T1WI). Invasion of the vaginal wall may be identified as a 
hyperintense thickened lower vaginal wall on T2WI [33]. 
Stage IIIC disease (Fig. 8) is characterized by the presence 
of lymphadenopathy and is subdivided in either pelvic (stage 
IIIC1) and/or para-aortic (stage IIIC2) lymph node involve-
ment [29, 41].

TVUS can be used to diagnose metastatic disease to 
the ovaries with a sensitivity and specificity of subjective 
evaluation of greyscale and Doppler ultrasound findings of 
84–91% and 94–100%, respectively [42]. However, TVUS 
has limitations inherent to the restricted field of view and for 
assessing nodal disease due to low accuracy and sensitivity; 
as such, it can only detect large metastatic lymph nodes [43].

The risk factors for lymph node involvement include 
presence of high-risk histologic subtypes, lymphovascular 

Fig. 4   59-year-old woman with abnormal uterine  bleeding. a FIGO 
stage IA: Tumor confined to the uterus, ≤ 50% myometrial invasion. 
b T2 intermediate signal mass with < 50% myometrial invasion (con-
tinuous line)

Fig. 5   36-year-old woman with endometrioid adenocarcinoma of the 
endometrium. a FIGO stage IB: Tumor confined to the uterus, > 50% 
myometrial invasion. b T2 intermediate signal endometrial mass 
with > 50% myometrial invasion (continuous line)

Fig. 6   44-year-old woman with endometrioid adenocarcinoma of the 
endometrium. FIGO stage II: Tumor invades cervical stroma but does 
not extend beyond the uterus. T2-hypointense mass within the endo-
metrial cavity disrupting the cervical stroma in the anterior lip of the 
cervix (arrow)

Fig. 7   68-year-old woman with uterine serous carcinoma. FIGO stage 
IIIB: Invasion of parametrium and/or vagina. Pelvic MRI shows a an 
endometrial mass extending to the level of the cervix (arrow), where 
it disrupts the cervical stroma and b left lateral wall of the cervix 
(arrow), in keeping with parametrial extension
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space invasion, deep myometrial invasion, and cervical stro-
mal invasion [44]. Periuterine, common iliac, internal iliac, 
external iliac and para-aortic adenopathy inferior to the renal 
veins are all considered regional metastatic disease in EC. 
Inguinal adenopathy is considered nonregional adenopathy 
in EC and constitutes distant disease [45].

The detection of metastatic lymph nodes relies greatly 
on size. Usually, to determine lymph node enlargement, a 
1 cm cut-off for short axis is used. However, there is limited 
evaluation in normal-sized lymph nodes with micrometas-
tasis. For such cases, the use of DWI and apparent diffusion 
coefficient (ADC) could be beneficial, since small metastatic 
lymph nodes may show diffusion restriction and ADC values 
similar to that of the primary tumor [46–48].

Stage IV disease is tumor that extends beyond the true 
pelvis or invades the bladder or rectum. The loss of the 
T2-hypointense signal of the bladder or rectal wall with 
mucosa invasion indicates stage IVA disease (Fig.  9). 
Tumors with distant metastases are classified as stage IVB 
[49]. Such distant metastasis can be from hematogenous, 
lymphatic (to inguinal lymph nodes or para-aortic adenopa-
thy above the renal veins) or peritoneal spread (to the omen-
tum, upper abdomen).

Pulmonary metastases are the most common site of hema-
togenous spread from EC with an incidence of 2.3–4.6% 
[50, 51]. Frequently multiple, bilateral nodules are seen. 
Pleural involvement in the form of effusions, nodularity and 
thickening are seen infrequently (Fig. 10). Dissemination 
to the liver, the most common intra-abdominal solid organ 
involved has been reported in 2.3% [52]. Hepatic metastases 
are single or multiple lesions with hypovascular enhance-
ment. Other atypical intra-abdominal organ involvement 
includes the adrenal glands and spleen (1%). EC metastases 
to the bone are generally restricted to the axial skeleton, 

including the pelvis and thoracolumbar vertebrae (Fig. 11). 
Brain involvement in EC is rare, occurring in < 1% of EC, 
and may present as enhancing lesions in cerebral and cer-
ebellar regions (Fig. 12) [53].

Peritoneal involvement may be seen as peritoneal masses, 
nodules and/or serosal implants that may cause extrinsic 
compression of the bowel [54–56].

Imaging of recurrent and metastatic disease

Most tumor recurrences occur within 3 years post-treatment. 
Recurrent disease most commonly affects regional lymph 
nodes (46%) and the vaginal vault (42%). Extra pelvic recur-
rence commonly involves the peritoneum and lungs. The 
peritoneum is one of the most common sites of recurrent 
EC, occurring in 28% of recurrent EC, and constitutes a 
poor prognostic factor [54]. Atypical metastatic sites include 

Fig. 8   44-year-old woman with progressive endometrioid adeno-
carcinoma of the endometrium. FIGO stage IIIC: Invasion of pelvic 
(IIIC1) and/or para-aortic (IIIC2) lymph nodes. Postsurgical CT scan 
shows new para-aortic and pelvic adenopathy (arrows). Next genera-
tion sequencing demonstrated MSI-H status. Radiotherapy and pem-
brolizumab were added

Fig. 9   74-year-old woman with poorly differentiated endometrial car-
cinoma. FIGO stage IVA: Tumor invades mucosa of rectum or blad-
der. a Heterogeneous intermediate signal mass occupying the endo-
metrial cavity extending into the cervix (white arrow). Obstruction 
of the endometrial cavity at the fundus secondary to the mass (blue 
arrow). b Extension to the uterine serosa in the anterior aspect of the 
corpus with urinary bladder wall invasion (white arrow). Bilateral 
ovarian solid and cystic lesions which could represent large adnexal 
implants (blue arrows)

Fig. 10   70-year-old woman with recurrent stage IVB uterine serous 
carcinoma. Contrast-enhanced CT scan shows multiple sites of meta-
static disease including pleural effusion (blue arrow), diffuse pleural 
thickening (white arrow) and liver lesions (arrowheads)
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extra-abdominal lymph nodes, liver, adrenals, brain, bones, 
and soft tissue. Therefore, post-therapy surveillance imaging 
may include evaluation of the abdomen and pelvis based on 
symptoms and physical exam findings. Additionally, CT may 
be used to follow up certain high-risk individuals to detect 
recurrence in distant organs such as the lungs. However, 
relative to MRI, CT has inferior soft tissue resolution and 
is not beneficial in assessment of the vaginal vault [28, 30].

Overview of treatment

Role of surgery

Total hysterectomy and bilateral salpingo-oophorectomy are 
the basis of treatment of EC unless the patient is an appropri-
ate candidate for fertility preservation. The method by which 
the surgery is performed has changed substantially and mini-
mally invasive approaches (laparoscopic and robotic) have 
been shown to be feasible. Intraperitoneal fragmentation or 
morcellation of the uterus should be avoided.

Role of lymphadenectomy

The main route of spread of EC is through lymphatic dis-
semination; however, the role of lymphadenectomy for 
women with early-stage EC is controversial. Some groups 
advocate selective lymph node sampling in women at high 
risk for nodal metastases (high-grade or deeply invasive 
tumors), whereas others recommend routine systematic 
lymphadenectomy in all patients. Strategies using selective 
nodal assessment are limited by the difficulty in predicting 
depth of tumor invasion and final tumor grade intraopera-
tively. The necessary extent of nodal dissection is debated 
as some studies have recorded no benefit for lymphadenec-
tomy in either overall recurrence-free survival as well as 
increased perioperative complications and operative times 
with lymphadenectomy [57–59]. To overcome the morbid-
ity of lymphadenectomy, many advocate for sentinel lymph 
node dissection [60].

Early‑stage disease

Patients with early-stage disease can be divided in two 
groups: the vast majority of patients who are comprehen-
sively staged with nodal evaluation, and a minority of 
patients who are not comprehensively staged. Patients with 
FIGO grade 1 or 2 endometrioid carcinomas limited to the 
inner half of the endometrium may not benefit from post-
operative therapy. For others, some form of adjuvant therapy 
has been considered. Adjuvant radiation in early-stage dis-
ease depends on risk factors such as age, tumor grade, lym-
phovascular invasion and depth of myometrial invasion, as 
it reduces locoregional recurrence, however, with no impact 
in overall survival. Adjuvant chemotherapy in early-stage 
disease is based on risk factors. [61].

In younger patients, a fertility-sparing approach can be 
considered if these women are selected carefully. Although 
younger women could present with early-stage and low-
grade malignancies, this may not be the case, thus com-
plete workup will be necessary. For instance, in the Geneva 

Fig. 11   63-year-old woman diagnosed with metastatic Grade 3 endo-
metrioid endometrial cancer. a FDG PET/CT shows hypermetabolic 
osseous lesion (arrow). CT scan demonstrated b, c progression of 
osseous metastasis in the axial and appendicular skeleton (arrows)

Fig. 12   68-year-old woman 
with recurrent high-grade 
endometrial cancer and brain 
metastases. MRI demonstrates 
a rim-enhancing lesions in the 
right frontal lobe (arrow), b in 
the left basal ganglia (arrow) 
and c right cerebellum (arrow)
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Cancer Registry, only 18% of women younger than 45 years 
old had stage IA disease at final pathology [62].

Fertility sparing options are not the standard of care and 
are reserved for women who wish to retain fertility present-
ing with noninvasive grade 1 EC. However, this topic is 
still subject to much debate. Continuous progestin-based 
therapy such as megestrol acetate, medroxyprogesterone, 
or an intrauterine device containing levonorgestrel are the 
mainstay conservative hormonal treatment for EC in these 
patients [63, 64].

Advanced‑stage endometrial cancer

The optimal treatment for advanced stages of EC is difficult 
to define as this is comprised of heterogeneous disease and 
presentation ranging from micro or macroscopic lymph node 
metastases, implants, pulmonary metastases and inoperable 
disease. In general, optimal cytoreductive therapy has thera-
peutic benefit. Even if metastases are resected or minimized 
to microscopic residual disease, the risk of recurrence is 
high and adjuvant treatment is typically recommended [65]. 
Adjuvant therapy with combination chemotherapy with or 
without radiation therapy is typically stratified based on risk 
of recurrence [66]. In terms of treatment planning, imaging 
further helps in determining the radiation field [67, 68].

Role of radiation

Radiotherapy may be considered for: adjuvant treatment 
(guided by surgical stage, tumor histology, and adverse risk 
factors), definitive treatment of nonsurgical patients, local 
recurrence, and palliative treatment. There are two modali-
ties: external beam radiation therapy (EBRT) and vaginal 
brachytherapy (VBT) [69]. VBT has low morbidity because 
a small source of radiation is delivered directly to the tar-
geted area. EBRT can have more side-effects since the beam 
of radiation is directed from outside the body but covers a 
broader area. Such side-effects may include enteritis, diar-
rhea, lymphedema, strictures, and fistulas [70–72].

Systemic therapy

Molecular characterization of EC is becoming crucial in 
directing treatment for advanced and recurrent disease. 
In addition to histologic analysis, assessment of hormone 
receptor status, MSI analysis, and assessment of human epi-
dermal growth factor receptor 2 (HER2) status for uterine 
serous cancers are critical. For recurrent and advanced EC, 
combination chemotherapy with carboplatin and paclitaxel 
is considered the standard of care. For patients with uterine 
serous carcinomas that overexpress HER2, the addition of 
trastuzumab to carboplatin and paclitaxel has been shown to 
improve survival [72, 73].

Hormonal therapy is indicated in women with advanced 
or recurrent endometrioid EC with positive hormone recep-
tors. However, this is typically reserved for patients with 
limited performance status or for second- or third-line treat-
ment [74, 75].

Also, in the second- and third-line of treatment, the evalu-
ation of MSI status guides indication of targeted therapies 
and next generation sequencing panels are frequently useful. 
Pembrolizumab, an immune checkpoint inhibitor monoclo-
nal antibody targeting programmed death receptor-1 (PD-1), 
combined with Lenvatinib, a multi-tyrosine kinase inhibitor, 
has been approved for the treatment of MSI–high (MSI-H)/
MMR–deficient (dMMR) EC that have progressed after 
prior therapy and have no satisfactory alternative treatment 
options [76]. The rationale for the use of immune checkpoint 
inhibitors in these EC subtypes is that ECs with higher muta-
tion rates are more infiltrated with lymphocytes which cause 
upregulation of immune checkpoint molecules -PD-1 and 
PDL1 (negative regulators of immune response). Therefore, 
immune checkpoint inhibitors can restore anti-tumor immu-
nity, leading to tumor regression [77, 78].

The optimal management of patients with advanced EC 
has yet to be defined mainly based on studied algorithms 
that could improve survival with acceptable toxicity. Most 
recently, the comprehensive genomic characterization has 
improved the understanding of EC and has revealed these 
new strategies for targeted therapy.

Radiomics

Improved methods for preoperative risk stratification in EC 
are highly requested nowadays. Radiomic tumor profiling 
involves the extraction of large amounts of quantitative 
imaging data that can be utilized in risk stratification models 
to predict clinical outcomes and biological behavior [79, 80].

Many studies explored the role of MRI-based radiomics 
in EC [79–85]. These mostly focused on predicting high-risk 
disease, identifying molecular subtypes of EC, and predict-
ing nodal status [79–85].

Identifying high-risk EC is crucial to identify which 
patient would benefit from lymphadenectomy [56–60]. A 
retrospective multicenter study on 717 patients with EC 
showed that a radiomics nomogram based on radiomics fea-
tures, clinical and histopathologic parameters, including age, 
cancer antigen 125 levels, and histological grade following 
curettage, could predict high-risk EC with good diagnostic 
performance [81]. Notably, the model performed better in 
identifying high-risk EC than the actual surgical procedure 
performed [81]. A study on 102 patients with stage I EC, 
showed that MRI-based radiomics predicted low-grade 
EC with higher accuracy compared to a model including 
clinical and conventional MRI characteristics [82]. Fasmer 
et al. showed that MRI-based whole-volume tumor radiomic 
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signatures predicted high-risk pathological features and poor 
outcomes with medium-to-high diagnostic performance. 
Specifically, whole-tumor radiomic features outperformed 
single-slice features for prediction of advanced FIGO stage 
and nodal status, possibly due to the incorporation of infor-
mation from the entire tumor, thus better assessing hetero-
geneity of tumors [80].

Regarding molecular characterization of EC, a study on 
150 EC patients showed that contrast-enhanced CT-based 
radiomics distinguished MSI from copy-number low and 
copy-number high EC with moderate accuracy [AUC of 0.78 
(95% CI 0.58–0.91)] [83].

Among the various studies on the role of radiomics to 
predict nodal status, a multicenter study on 622 EC patients 
showed that an MRI-based radiomics model including radi-
omic features and conventional MRI findings showed higher 
diagnostic performance in assessing nodal status compared 
to a model based only on conventional MRI findings [84, 
85]. In a study on 200 patients with EC, Xu et al. showed 
that a predictive model combining MRI-based radiomics, 
lymph node size on MRI and cancer antigen 125 predicted 
nodal disease with high accuracy in normal-sized nodes 
[85].

Conclusion

The recent molecular characterization of EC has led to 
approval of new systemic therapies, resulting in therapeutic 
advances and in ongoing changes in management strategies. 
Imaging can help optimizing treatment of EC by allowing 
differentiation between early and advanced stages and allow 
prompt identification of recurrent disease. Radiologists 
should be familiar with the recent advances in molecular 
characterization of EC, the role of imaging for EC and the 
current management strategies for EC.
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