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Surgical treatment has been widely used for early-stage endometrial carcinoma 
patients, but 15-20% of patients had a poor prognosis, requiring a postoperative 
adjuvant therapy. With the development of molecular classification of endometri-
al carcinoma, the combination of molecular and clinicopathological factors can 
guide the prognosis risk assessment and make the adjuvant therapy selection 
more accurate, as a result, the survival outcome of patients can be greatly im-
proved. In this article, the molecular classification of endometrial carcinoma is 
reviewed, and its guidance to the postoperative adjuvant therapy for early-stage 
endometrial carcinoma is discussed. It concludes that the molecular classifica-
tion opens up the opportunity of creating new ideas for adjuvant treatment strat-
egies for early endometrial cancer. 
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Introduction 

Recent years have seen a rocketing incidence of the endometrial carcinoma (EC). 

Most patients showed the corresponding clinical symptoms in the early stage (stages I and II), 

which was relatively easy to be diagnosed and treated, and the prognosis was relatively good, 

but there were still 15-20% patients with poor prognosis, requiring a postoperative adjuvant 

therapy. At present, the choice of the postoperative adjuvant therapy for early EC is still con-

troversial, and there is a large number of undertreatment or overtreatment. In 2013, the Can-

cer Genome Atlas (TCGA) project conducted the molecular classification of EC [1]. Com-

pared with histopathology, the molecular classification improves the accuracy of the diagnosis 

of endometrial carcinoma and is of great significance in predicting prognosis and guiding 

treatment. In 2020, European Society of Gynecological Oncology, European Society for Ra-

diotherapy and Oncology, European Society for Pathology (ESGO-ESTRO-ESP) jointly up-

dated the EC patient management guidelines to incorporate the molecular classification for 

the first time to assess of prognosis risk. In 2022, ESMO [2] revised the content of risk strati-

fication in accordance with the ESGO-ESTRO-ESP Guidelines [3]. Changes in risk stratifica-

tion only occurred in patients with early endometrioid carcinoma, namely, the molecular clas-

sification mainly changed the risk level of these patients, affecting the choice of the postoper-

ative adjuvant therapy. 

–––––––––––––– 
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Introduction of the molecular classification  

of endometrial carcinoma 

The method of the early-stage EC postoperative adjuvant therapy is mainly based on 

the assessment of the risk factors for disease recurrence, including age, surgical pathological 

stage, pathological grade, lymph-vascular space invasion (LVSI), and myometrial invasion. In 

clinical practice, it was found that the biological behavior of about 20% of uterine serous carci-

noma was similar to that of type I EC, which is not very aggressive [4]. The TP53 mutations, 

which is more common in uterine serous carcinoma, was also seen in 10% of endometrioid car-

cinoma [5]. Therefore, the classification of recurrence risk by clinicopathologic characteristics 

are not accurate enough, which has certain limitations in guiding the adjuvant therapy. The EC 

can be divided into four types [1]: POLE-mutated, high microsatellite instability (MSI-H), copy 

number-low (CNL), and copy number-high (CNH). About 25% of high-grade endometrioid 

carcinoma are POLE-mutated, which may lead to overdiagnosis if determined solely by histo-

morphology. The identification of patients with POLE-mutated with good prognosis from high-

grade EC can avoid clinical overtreatment. The copy number-high EC, despite its morphology 

as endometrioid carcinoma, requires more aggressive clinical management. 

The sequencing cost of the TCGA molecular classification is high and time-con-

suming, which is not conducive to clinical promotion. Subsequently, several research teams 

proposed some improved molecular classification methods, including the proactive molecular 

risk classifier for EC (ProMisE) molecular classification [6] and the TransPORTEC molecular 

classification [7], see figs. 1 and 2. The core molecular features were similar for both molecu-

lar classification methods, varying in the order of detection of POLE-mutations and mismatch 

repair (MMR) proteins. It was found that the genome was in a hyper-mutational state after 

POLE-mutation, and MMR or TP53 gene mutation might be a secondary event during tumor 

progression [8]. The first step of ProMisE is MMR protein detection, which may misjudge the 

POLE-mutated type with MMR protein deletion as mismatch repair-deficient (MMR-d) type, 

thus overtreating these patients. Therefore, the POLE detection is recommended as the first 

step in molecular classification methods. The above modified molecular classification meth-

ods have the same prognostic value as the TCGA molecular classification, reproducing the 

survival difference observed in TCGA and are widely used in current clinical studies. Leon-

 

Figure 1. The ProMisE molecular classification [6] 



Peng, Y., et al.: Molecular Classification Guides for the Postoperative … 
THERMAL SCIENCE: Year 2024, Vol. 28, No. 3A, pp. 2217-2224 2219 

Castillo et al. [8] reported tumors with POLE pathogenic mutations combined with MMR-d or 

TP53 mutations, are consistent with POLE-mutation in terms of morphological, molecular 

characteristics and clinical behavior, suggesting that EC with both MMR-d and TP53 muta-

tions should be classified as MMR-d EC, and EC with both POLE-mutations and TP53 muta-

tions should be classified as POLE-mutated EC. 

 

Figure 2. The TransPORTEC molecular classification [7] 

In 2020, the TCGA molecular classification was first included in the National Com-

prehensive Cancer Network (NCCN) guidelines. In the same year, the molecular classification 

of EC was included in the 5th edition of the WHO classification of female genital tumors [9]. 

Comparison for molecular typing of endometrial carcinoma in different studies or guidelines 

are shown in tab. 1. 

Table 1. Comparison for molecular classification of endometrial carcinoma in  
different studies or guidelines 

TCGA 
[1] 

ProMisE  
[6] 

TransPORTEC 
[7] 

ESGO-ESTRO-ESP 
[3] 

WHO  
[9] 

NCCN  
[10] 

POLE POLE-EDM POLE-mutant POLE-mutant POLE-mutant POLE 

MSI MMR-d MSI MMR-d MMR-d MSI-H 

CNL p53 wildtype NSMP NSMP NSMP CNL 

CNH P53-abnormal p53-mutant P53-abnormal P53-abnormal CNH 

Note: CNL – copy number-low, CNH – copy number-high, MMR-d – mismatch repair-deficient,  
MSI-H – high microsatellite instability, NSMP – non-specific molecular profile,  
POLE EDM – polymerase epsilon exonuclease domain mutation 

Molecular classification in guiding postoperative  

adjuvant therapy for early-stage endometrial carcinoma 

The POLE-mutated 

Van Gool et al. [11] created a POLE-mutated mouse embryonic stem cell line and 

demonstrated that POLE-mutation does not increase sensitivity to radiation or chemotherapy 
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compared to POLE wildtype, that is, the excellent prognosis of POLE-mutated patients cannot 

be explained by strong sensitivity to adjuvant therapy, clarifying that overtreatment for early 

POLE-mutated tumors (including EC and colorectal cancer) can be reduced by omitted adju-

vant therapy. After meta-analysis of 359 patients with POLE-mutated EC, Mcalpine et al. 

[12] showed that none of the clinicopathological factors except stage were associated with re-

currence, progression or death of disease, that is, adjuvant therapy was not associated with 

survival outcome in POLE-mutated EC patients. 

A prospective cohort study Tailored Adjuvant therapy in POLE-mutated and p53 

wildtype early-stage Endometrial cancer (TAPER) (NCT04705649) plans to include 276 pa-

tients with early POLE-mutated or NSMP EC for downgraded or omit adjuvant therapy to as-

sess a low (<5%) pelvic (including vaginal) recurrence rate to clarify the safety of adjuvant 

downgrade in such patients. 

An international multi-center clinical trial is underway for modified adjuvant thera-

py for endometrial carcinoma based on molecular classification of TransPORTEC-Refining 

Adjuvant treatment in endometrial cancer based on molecular features (RAINBO) 

(NCT05255653) [13]. Among them, RAINBO-BLUE included stage I-III POLE-mutated EC 

patients to assess the impact of postoperative adjuvant therapy downgrade (or without adju-

vant therapy) on patient outcome. 

The results of Eggink et al. [14] showed that PD-1 expression in POLE-mutated EC 

tissues was 73%, PD-L1 expression was 100%, indicating that POLE-mutated EC is sensitive 

to immunotherapy and suitable for the treatment of PD-1/PD-L1 inhibitors. However, due to 

the excellent outcome of POLE-mutated patients, only individual cases have reported the effi-

cacy of immunotherapy in this part of the population. 

The MMR-d 

Radiotherapy plays an important role in MMR-d EC. In a multicenter retrospective 

cohort study of stage Ib/II high-grade endometrioid carcinoma, Reijnen et al. [15] showed that 

adjuvant radiotherapy was associated with improved disease-specific survival in patients with 

MMR-d (HR = 0.19, 95%CI 0.05-0-0.77) and not in patients with mismatch repair proficient 

(pMMR) patients, suggesting that MMR status could be used as a biomarker to select the 

population most able to benefit from adjuvant radiotherapy, but requiring further validation in 

prospective studies. 

So far, for EC, the US Food and Drug Administration (FDA) approved pembroli-

zumab and dostarlimumab alone for advanced or recurrent MMR-d EC, and pembrolizumab 

combine lenvatinib for advanced or recurrent pMMR EC. Ongoing clinical studies try to de-

termine the optimal timing of immunotherapy for MMR-d EC patients, as postoperative adju-

vant therapy in combination with chemotherapy in newly diagnosed high-risk EC patients, or 

for salvage therapy in advanced or relapsed patients. 

The NRG-GY020 Study (NCT04214067) plans to enroll 168 newly diagnosed early 

high-intermediate risk MMR-d endometrioid carcinoma, and the results of this clinical trial 

will clarify whether adding pablizumab to radiotherapy is more effective in reducing disease 

recurrence than radiotherapy alone. Similarly, Rainbo-Green [13] plans to enroll stage II with 

LVSI or III MMR-d EC patients to compare the efficacy of adjuvant radiotherapy with the se-

quential PD-1 inhibitor dostarlimab or placebo. 
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The NSMP 

This group mainly includes endometrioid cancers with estrogen and progesterone 

receptor (ER, PR) positive and sensitive to hormone therapy. A randomized Phase III clinical 

trial initiated by Fudan University (NCT05454358) to evaluate letrozole as maintenance ther-

apy for NSMP EC is underway. The study plans to include 299 NSMP EC patients with in-

termediate or high risk factors for postoperative adjuvant therapy according to the latest 

NCCN Guidelines or ESGO-ESTRO-ESP Guidelines, comparing progression-free survival 

between the letrozole group and the observation group. Rainbo-Orange [13] will include pa-

tients with stage II-III NSMP EC to compare whether there is a difference in the efficacy of 

chemoradiotherapy or radiotherapy combined with endocrine therapy. 

The P53-abnormal  

The p53-abnormal (p53abn) EC is the relatively worst prognosis subtype. To assess 

the prognostic value of molecular classification for high-risk EC, the investigators regrouped 

tissue samples from participants in the PORTEC-3 trial according to the molecular classifica-

tion [16]. The results showed that p53abn patients had the worst prognosis and significant 

benefit from chemotherapy, and the 5-year recurrence-free survival between chemoradiother-

apy and radiotherapy groups was 59% and 36% (P = 0.019), respectively. A randomized con-

trolled trial of CAN-STAMP (NCT04159155) to evaluate first-line therapy for serous or 

p53abn EC is ongoing, in which an early cohort will include stage I-II eligible EC patients to 

compare the effects of chemotherapy alone (carboplatin plus paclitaxel) versus chemoradio-

therapy on patient survival. For the application of immune-targeted therapy, RAINBO-RED 

[13] will include EC patients with stage I-IV p53abn EC, planned to evaluate the efficacy of 

adjuvant chemoradiotherapy combined with the PARP inhibitor niraparib or placebo. 

The PORTEC-4a trial [17] (NCT03469674) is the first to use ProMisE molecular 

classification to guide adjuvant therapy in patients with high-intermediate risk endometrioid 

cancer. Integrating molecular classification with L1 cell adhesion molecule (L1CAM) over-

expression, catenin Beta1 (CTNNB1) mutation, and substantial LVSI defined a molecular in-

tegrated risk profile, figs. 3 and 4. On the one hand, the PORTEC-4a Study hopes to avoid 

 

Figure 3. Study design of PORTEC-4a [17]; EBRT – external beam 
radiation therapy, G – grade, LVSI – lymph-vascular space invasion,  
VBT – vaginal radiotherapy 
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overtreatment through molecular classification, for example, some patients with high-risk fac-

tors in traditional clinicopathologic characteristics can be follow-up from a molecular point of 

view; on the other hand, the study also aims to apply external beam radiation therapy to avoid 

undertreatment in a few patients with high-risk factors (such as substantial LVSI, TP53 muta-

tions, or L1CAM overexpression). If the PORTEC-4a shows that the local control rate is simi-

lar between experimental and control groups, then this model will be a standard method to 

guide adjuvant therapy. 

 

Figure 4. Molecular integrated risk profile [17] 

Prospect of postoperative adjuvant therapy  

for early-stage endometrial carcinoma 

The NSMP EC need to further refine the risk stratification 

The NSMP is the most common molecular subtype, accounting for about half of all 

EC. The lack of predictive biomarkers to identify patients at high-risk of disease recurrence in 

this heterogeneous population has been described as the most challenging molecular subtype. 

Recent studies have found that many biomarkers can further refine this subgroup. After ana-

lyzing 342 EC patients, Kurnit et al. [18] found that CTNNB1 mutation EC often had low 

grade, low incidence of myometrial invasion and LVSI, which clinically indicated a lower 

risk of recurrence, but CTNNB1 mutation was associated with worse recurrence-free survival 

(HR = 5.97, 95%CI 2.69-13.21), suggesting that mutation analysis of CTNNB1 can help iden-

tify early stage and low-grade EC patients at high risk of recurrence. 

In addition, NSMP/L1CAM positive patients often present with early recurrent [19], 

with a significantly shorter platinum-free interval after adjuvant platinum-based chemothera-

py, and L1 CAM overexpression has been shown to be an independent prognostic marker for 

distant recurrence and overall survival in NSMP EC. Moreover, the expression of FGFR2c 

was significantly associated with the shorter disease-specific survival and progression-free 

survival in patients with endometrioid carcinoma [20]. The inclusion of FGFR2c into future 

molecular subtypes could further refine the risk stratification. 

Potential therapeutic targets for TP53 mutation  

need to be further explored 

Re-analysis of the TCGA data revealed HRD in 15% of the high copy number EC. 

The analysis by de Jonge et al. [21] found HRD in 46% of non-endometrioid carcinomas. 
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RAINBO-RED [13] plans to include patients with stage I-IV p53-abnormal EC to evaluate the 

efficacy of chemoradiotherapy combined with PARP inhibitor. Furthermore, combining 

trastuzumab on the basis of chemotherapy significantly improved survival in late or recurrent 

serous EC with HER-2 overexpression [22], and the current findings support the extension of 

HER-2-targeted therapy to early stage serous EC [23]. Vermij et al. [24] found that the corre-

lation between p53-abnormal and HER-2 status was significantly stronger than that between 

serous tissue type and HER-2 status, suggesting that molecular classification-oriented HER-2 

testing is better than tissue type-oriented detection. 

The potential of immunophenotype for immunotherapy  

needs to be explored 

In recent years, immunophenotype has unique advantages in predicting the effect of 

the immunotherapy in patients, which can provide a reference for the selection of postopera-

tive adjuvant therapy in EC patients. After analysis of stage I EC pathological specimens in 

PORTEC-1 and 2 [25], Horeweg found that CD8+ cell density was the strongest predictor of 

EC recurrence, and a proportion of TP53 mutation and NSMP EC were also enriched with 

immune cells. It suggests that using molecular classification alone as a molecular marker for 

immune checkpoint blockade therapy may miss part of EC patients who can benefit from it. 

Although immunophenotype does not have independent prognostic significance [24], it can 

better judge the effect of immunotherapy in patients. The combination of molecular classifica-

tion and immunophenotype facilitates the chose of patients more suitable for immunotherapy.  

Conclusion 

This review summarizes how molecular classification guides postoperative adjuvant 

therapy for early-stage endometrial carcinoma, and integrates the molecular classification 

with clinical practice and prospects, in order to provide reference and guidance for clinicians, 

help them to develop more accurate treatment plans for patients, improve the survival rate and 

the quality of life. The proposal of molecular classification is of great significance, showing 

potential in explaining patient differences in clinical efficacy, accurately predicting prognosis 

and guiding precise treatment. It is gradually widely used in clinical practice, but relevant 

treatment recommendations cannot meet the clinical needs. Gynecological oncologists need to 

keep pace with The Times. It is recommended to conduct molecular classification of all con-

firmed EC patients, continuously accumulate high-quality data through multi-center joint re-

search, and apply high-level medical evidence to provide a basis for the chose of adjuvant 

therapy. The clinicopathological factors and molecular classification are rationally applied in 

the process of treatment decision-making to realize the individuality, precision and standardi-

zation of EC treatment. 
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