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Abstract: Endometrial cancer (EC) has a high epidemiological impact with incidence and mortality rising worldwide. In recent years, the 
integration of the pathologic and molecular classification has provided relevant information to understand the heterogeneity in the biology of 
EC, which led to the evolution in the management of patients. Currently, therapeutic breakthroughs have been made in advanced EC to 
improve oncologic outcomes, with efforts to include patient reported outcomes. Precision and personalized medicine are under way in EC 
exploring different combination approaches to target cross-talk pathways, cancer cell microenvironment, and metabolic vulnerabilities and 
improve drug delivery. Yet, collaborative efforts are needed to face the challenges in practice by refining patient selection, ideal biomarker 
identification, and de-escalation of therapies according to emerging molecular and genomic features of EC. 
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Introduction
Endometrial carcinoma (EC) is the fourth most common cancer among women worldwide, with both incidence and 
mortality on the rise, unlike other cancers.1,2 Approximately 10–15% of cases are diagnosed at an advanced stage and 
those who have advanced EC or experience recurrence, their survival outcomes are poor, with an estimated five-year 
overall survival (OS) of 17%.2,3 Current upfront treatment options for patients with EC include surgery, platinum-based 
chemotherapy and radiation. Recent data showed the benefit of the addition of immune checkpoint inhibitors (ICI) in 
first-line setting for advanced stage, in combination with carboplatin/paclitaxel, particularly in deficient mismatch repair 
(MMRd).4,5 Even though available options in the first-line setting are increasing, nearly half of the patients treated with 
platinum-based chemotherapy will ultimately progress or recur.2,3 Modest response rates have been observed with single- 
agent chemotherapy or endocrine therapy.3 For patients ICI naïve and MMRd, single-agent ICI have been approved.6,7 

Meanwhile, the combination of pembrolizumab and lenvatinib for patients with recurrent EC has also been incorporated 
into management, changing the landscape for treatment.8,9

It is now well recognized that EC is not one disease and is characterized by different subtypes. Understanding the biology 
of ED has allowed the evolution of the classification of the different types of EC to guide management.10,11 Initially divided 
broadly into types 1 and 2 on the basis of pathology,12 The Cancer Genome Atlas (TCGA) has further classified EC into four 
molecular subtypes including POLE-mutant, MMRd, copy number low (CNL) and copy number high (CNH); POLE-mutant 
tumors being those with the best prognosis and CNH those with poor prognosis.13 Alternate algorithm based on immunohis
tochemistry (IHC) has been studied to implement in practice the TGCA classification.14,15 This deepen molecular character
ization is opening a new area for research. This has led to an expansion and shift from the use of standard chemotherapy to 
promising targeted therapy. As the era of personalized oncology arises, EC has a great likelihood to benefit from novel agents 
and combinations currently under development that hit one or multiple druggable molecular alterations. The identification of 
potential targets that can be therapeutically exploited is a pressing need to improve patient selection and maximize timely drug 
development.16 Thus, this review will focus on new treatment opportunities and discuss potential implications.
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EC Molecular Classification
The EC molecular classification has shown to impact outcomes and is currently used to guide the development of 
targeted therapies and thus personalized medicine.

TCGA classification
Four molecular subgroups, with a unique genetic profile.17

POLE-Mutated Group
This group is rare, representing approximately 5–10% of all EC patients,17,18 with a lower incidence in advanced EC19 

and different dataset reporting excellent outcomes. This group is characterized by mutations in the exonuclease domain 
of POLE, a catalytic subunit of DNA polymerase epsilon, responsible for high fidelity replication.12,17 Eleven well- 
defined pathogenic POLE mutations have been associated with the mutated phenotype including P286R and V411L, 
which are the most common.17 Most of the patients have an endometrioid subtype and frequent mutations include 
alterations in PTEN (94%), PIK3CA (71%), PIK3R1 (65%), ARID1A (75%), TP53 (35%) and KRAS (50%). The 
expression of hormone receptors is variable within this group.12,17 Tumors possess an enhanced cytotoxic T-cell response 
and high neoantigen loads, suggesting they could be good candidates for ICI.17,20–22 Given favorable prognosis and 
sustained salvage rates, it raises the possibility to consider de-escalation therapy such as targeted therapy as a new option 
for these patients.18

MMRd Group
Mismatch repair (MMR) pathway is a system through which tumor cells repair DNA damage and maintain genome 
integrity. The acquisition of an alteration in this pathway can be by two mechanisms: mutation (somatic or germline 
(Lynch syndrome)) or epigenetic silencing (MLH1 gene promoter hypermethylation). The majority of cases of MMRd 
(75%) are caused by acquired promoter hypermethylation and the rest due to mutations.23 The MMR pathway comprises 
specific repair enzymes which are dependent on four main genes: MLH1, PMS2, MSH2 and MSH6. If one of the genes 
has a mutation, this results in the accumulation of multiple defects within the genome leading to tumorigenesis.17 EC 
patients with defects in the MMR pathway are known to harbor diverse somatic mutations, especially in regions of 
repetitive DNA (microsatellites) and their accumulation is known as microsatellite instability (MSI).12,20,21 Therefore, 
MSI (phenotype) refers to the cellular phenotype of hypermutability that is a consequence of MMRd (genotype).17

This group accounts for 20–30% of EC patients, mainly endometrioid, and has a ~10-fold greater mutation frequency 
than that of MMR proficient (MMRp) patients.12,20,21 Frequent reported mutations include PTEN (75–85%), PIK3CA 
(50–55%), PIK3R1 (30–40%), KRAS (35%) and ARID1A (35–40%). Few patients have alterations in TP53 (less than 
5%). Up to 10% of patients can have ERBB2 alterations.12 Patients in this group are thought to have a large number of 
somatic mutations due to MMR defects, leading to high neoantigen loads and high infiltration of CD8+ T lymphocytes, 
which make them excellent candidates for ICI (immunogenic tumors) as demonstrated in clinical trials.17,20,21

CNL/Endometrioid-Like Group
CNL group is the most common accounting for 39% of cases and currently lacks a distinct molecular pattern (no specific 
molecular profile; NSMP). It has a low mutational burden, and its prognosis is more limited compared to MMRd and 
POLE-mutant tumors.12 Mutations especially involve CTTNB1 (>50%), followed by PTEN and PIK3, while TP53 
mutation is unlikely present in this group of patients.12,20 Most tumors are low-grade and have a higher expression of 
estrogen and progesterone receptors, which could make them more responsive to endocrine therapy. It has also been 
identified an increased expression of RAD50, which is associated with DNA repair pathway.20 Given the diverse 
landscape, this is the most heterogeneous group that requires specific targeted therapies and further characterization.17 

For instance, this group may benefit from combination therapies including mammalian target of rapamycin (mTOR) 
inhibitors, endocrine therapy and inhibition of WNT/beta catenin pathway.20
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CNH/Serous-Like Group
Almost one quarter of EC patients is part of this group, including non-endometrioid subtypes (serous) and grade 3 endometrioid 
cases. They are characterized by extensive copy number alterations and few DNA methylation changes. Invariably, TP53 
mutation is present among them (>90%) and could require escalation of treatment to improve outcomes.12,20 In CNH group, 
patients have also mutations in FBXW7, PIK3 and PPP2R1A. PI3K/AKT/mTOR pathway is affected in 50–60% and ERBB2 
alterations are observed in 25% of the patients, which can be potential targets for new combinations.12,20

Classification Implementation in Clinic
Different groups have validated an equivalent molecular analysis to TCGA whole genome sequencing using feasible 
techniques of IHC and Sanger or next-generation sequencing (NGS) analysis.17 For example, Proactive Molecular Risk 
Classifier for Endometrial Cancer (PRoMisE) classification is a system based on the TCGA genomic subgroups that assigns 
patients to 1 of 4 groups based on a combination of mutation and protein expression (single-classifier). This system makes 
use of surrogate markers to generate a stepwise path to stratify patients molecularly and looks at POLE alterations, MMR 
status and p53 status (Figure 1).14,15,24–28 Approximately, 3–6% of EC exhibit more than one molecular classifying 
signature, which are known as multiple-classifier.14 Within a cohort of 3518 tumors, 3% were multiple-classifier, with 
most of them being MMRd (MMRd/p53 abnormal), followed by POLE-mutated (POLE-mutated/p53 abnormal) and the 
minority had the three aberrations. The first two groups were mostly grade 3 endometrioid EC and had morphological 
features of MMRd or POLE-mutated. P53 overexpression was found to be subclonal in the majority of cases and similar 
mutational changes to single-classifier MMRd or POLE-mutant were noted, suggesting TP53 was a late and passenger 

Figure 1 ProMisE classification for endometrial cancer. The Proactive Molecular Risk Classifier (ProMisE) is a decision tree analysis and the order of stratification differs 
from TCGA analysis. Analyses are sequentially ordered from POLE status to MMR status and finally p53 immunohistochemistry. The first step is to assess for POLE 
pathogenic mutations, if present, the tumor is classified as POLE-mutated. If absent (POLE wild type) or non-pathogenic mutations are detected, tumors are evaluated for 
MMR by IHC and classified as deficient (MMRd) or intact (MMR proficient; MMRp). Then, p53 status is evaluated. If p53 IHC is marked as 0 or 2+ is then classified as p53 
abnormal and p53 wild type/NSMP if p53 IHC shows normal pattern (1+). This system has been confirmed and validated previously.28 Adapted from Jamieson A, Barroilhet L 
M, McAlpine J N. (2022). Molecular classification in endometrial cancer: Opportunities for precision oncology in a changing landscape. Cancer, 128(15), 2853–2857. © 2022 
American Cancer Society.28 Created with Biorender.com.
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event acquired during progression. Clinical outcomes of patients with MMRd/p53 abnormal and POLE-mutated/p53 
abnormal were superior to those with single-classifier p53 abnormal.29

Other EC Characterization
As the data are evolving, new biomarkers are identified including HER2, ER/PR status, CCNE1 amplification and will be 
further developed below. In addition, efforts are on-going to characterize the different potential targets beyond the tumor 
tissue, with data emerging on circulating tumor (ctDNA) as another tool to identify potential targets in a timely fashion. 
A correlation between the mutational landscape of primary EC with ctDNA levels was analyzed in 38 patients with newly 
diagnosed EC. Mutations detected in plasma were representative of those present in primary tumor, with 92% of primary 
tumor mutations detected in the ctDNA at diagnosis.30 Efforts are under way to define the role of ctDNA for molecular 
monitoring, detection of progression and possible impact on treatment approaches.31 Depending on the technique, detection of 
ctDNA varies between cohorts from 18% to more than 65% in EC patients.32,33 Longitudinal ctDNA samples from 25 patients 
on ICI, including 12 relapsed EC, showed that ctDNA dynamics predicted clinical benefit. The rate of ctDNA detection while 
on-treatment was 68% and all 7 patients with increased ctDNA had consistently progressive disease, with an average time of 
2.5 months prior to imaging.34 A second cohort also showed that ctDNA detected recurrence and progression earlier than 
imaging studies with a median lead time of 2.5 months in 13 EC patients and ctDNA levels accurately mirrored the 
radiological response in 3 patients.32 Serial measurements of ctDNA were shown as useful to monitor response to treatment 
and identification of early relapses in a cohort of 16 serous EC and carcinosarcoma patients. During the longitudinal tumor 
ctDNA monitoring, they found that one patient lost genetic mutations originally identified in the primary tumor, while others 
remained, suggesting that clonal evolution under the selective pressure of treatment may modify the genomic landscape in EC 
and can be detected by ctDNA.35 Therefore, ctDNA represents a promising tool that could closely mirror the clinical and 
genetic course in EC and could guide treatment decisions.31,35 Further studies are on-going to assess this promising tool in EC.

Novel Molecular Targets
As knowledge of molecular characterization expands, additional markers and targets with potential treatment implications are 
being identified for specific subgroups of EC (Figure 2).17 Overlapping and crosstalk between the different pathways involved 
in EC makes the combination of novel agents feasible in order to develop effective therapies.16

Targeting the Cancer Cell Microenvironment
ICI as a Game Changer in EC
The MMRd identification subgroup has led to a significant paradigm change in the landscape of therapy. MMRd tumors 
have a high neoantigen load, and as a result, there is high infiltration of CD8+ T lymphocytes.

Pembrolizumab and dostarlimab have been approved as treatment for patients with metastatic, MMRd solid tumors 
that have progressed following prior platinum-based chemotherapy. KEYNOTE-158 study demonstrated a compelling 
objective response rate (ORR) of 48% for the EC cohort (n = 79) and the median duration of response (DOR) was not 
reached.6 Consistently, the GARNET trial showed an overall ORR of 43.5% including 11 patients with complete 
response in 108 MMRd EC patients that received dostarlimab.7 A third trial also showed an ORR of 48% in 36 patients 
treated with durvalumab.36 Thus, current evidence supports the adoption of ICI in patients with recurrent and advanced 
endometrial cancer with MMRd after failure of first-line chemotherapy, ICI naïve.37

In the MMRp group, single-agent ICI post-platinum-based chemotherapy have shown limited ORR between 3 and 
15%; yet, MMRp are a very heterogeneous group with specific genomic features and represent the majority of EC 
patients (75%).37 Leveraging ICI’s activity, combination approaches have been explored including antiangiogenic 
therapy, poly ADP ribose polymerase inhibitors (PARPi) and chemotherapy. All of them can induce multiple changes 
within the tumor microenvironment and cell population enhancing the immune response. Antiangiogenic agents can 
reduce T-regulatory cell activity, reverse immunosuppressive effects of vascular endothelial growth factor (VEGF) and 
improve T-cell trafficking and infiltration of CD-8+ T cells.38 PARPi can enhance DNA damage and increase CD8+ 
T cells as well. This is mediated by the STING pathway.39 Chemotherapy agents can enhance immunogenic cell death, 
induce an effective presentation of tumor-specific antigens and increase T-cell activation by dendritic cells.40
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Figure 2 Novel molecular targets in endometrial cancer (EC). Numerous pathways are involved in EC and they have become targets of interest in the development of 
current therapies. Different agents have been studied alone or in combination approaches to target cross-talk pathways including PI3K/AKT/mTOR, HER2, DNA damage 
response pathway, hormone receptors, cancer microenvironment (ie immune cells, cytokines, angiogenic factors, growth factors), and metabolic vulnerabilities and improve 
drug delivery by leveraging cancer cell surface antigens. A deepened understanding of the molecular subtypes of EC, genomic diversity and oncogenic drivers will improve 
translational research and derive in recognition of mechanisms of resistance and molecularly driven therapy.16 Created with Biorender.com.
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Pembrolizumab in combination with lenvatinib has changed the landscape for treatment in MMRp EC patients after 
they have progressed on platinum-based chemotherapy. Initial evaluation of this combination was a single-arm phase 2 
trial that enrolled 94 patients with MMRp EC, the ORR was 37%, and median progression-free survival (PFS) was 7.4 
months.9,37 Later on, Study-309/KEYNOTE-775, a phase 3 trial (n = 827 with recurrent EC), confirmed a significant 
benefit in MMRp (n = 697) in PFS (HR 0.60; 95%CI, 0.50–0.72) and overall survival (OS) (HR 0.70; 95%CI, 0.58–0.83) 
with this combination. Benefit in survival in all comers was also demonstrated.8 A translational randomized phase II 
study of cabozantinib with or without nivolumab in heavily pretreated recurrent EC reported an ORR of 25% with the 
combination (Arm A, n = 36) and ORR of 11.1% with nivolumab (Arm B, n = 18), suggesting a benefit by combining 
antiangiogenic agents and ICI as previously noted in KEYNOTE-775.41 The combination of atezolizumab and bevaci
zumab in patients with recurrent EC (1–2 prior lines) similarly yielded durable responses with an ORR of 30% (n = 57) 
and for those patients with MMRp tumors of 33%. The median DOR was 15 months in the overall population.42

PARPi have also shown positive signal of response in this context when given in combination with ICI. A phase 2 
trial reported an ORR of 11.4% (n = 35) in MMRp EC patients with avelumab and talazoparib. They found that those 
patients with homologous recombination repair (HRR) pathway alterations had a better PFS (p = 0.03) compared with 
non-HRR-altered tumors.43 Conversely, DOMEC trial explored the role of durvalumab and olaparib in 50 recurrent EC 
patients, 20% of them with MMRd tumors and reported an ORR of 16%, which did not reach the threshold for 
significance, with no difference according to molecular subtype in PFS (p = 0.67).44

In line with this, a non-randomized phase 2 study (NEC trial) also showed similar outcomes in 22 recurrent EC patients that 
received dostarlimab and niraparib with a modest activity with the combo (ORR 14%).45 Given the limited benefit, the 
incorporation of additional agents has been investigated. A recent preliminary report showed that combining bevacizumab, 
atezolizumab and rucaparib was feasible by demonstrating a clinically meaningful improvement in response in 30 patients 
(ORR 39%) with acceptable toxicity.46 Furthermore, incorporating this strategy earlier on the patient journey has been 
explored in the DUO-E trial (n = 718). It reported positive results with the upfront combination of platinum-based 
chemotherapy ± durvalumab, followed by maintenance therapy with either durvalumab plus olaparib or durvalumab alone 
or placebo in advanced or recurrent EC. It elicited a statistically significant improvement in median PFS in the durvalumab + 
olaparib arm for the intent-to-treat population (HR 0.55; 0.43 to 0.69; P<0.0001) vs control. An exploratory analysis showed 
that 97 of 718 had HRR mutations (defined as a sample with a pathogenic mutation in any of the following pre-specified genes: 
ATM, BRCA1, BRCA2, BARD1, BRIP1, CDK12, CHEK1, CHEK2, FANCL, PALB2, RAD51B, RAD51C, RAD51D, RAD54L). 
HRR-mutated patients that received olaparib and durvalumab showed a positive signal in PFS (HR 0.30; 0.15 to 0.58) 
compared to non-HRRm, even though, it was a very small sample and further data is needed.47

Lastly, the combination of ICI with platinum-based chemotherapy has recently been explored in phase 3 randomized 
studies given their immunogenic synergistic effect. RUBY study included 494 patients with advanced or recurrent (if 
chemotherapy-free interval was at least 6 months) EC that were randomly assigned to receive either dostarlimab or 
placebo, plus carboplatin and paclitaxel for 6 cycles, followed by dostarlimab or placebo for up to 3 years. In the MMRd 
population (118/494), median PFS at 24 months was 61.4% in the dostarlimab group and 15.7% in the placebo group 
(HR 0.28; 95% CI: 0.16–0.50; P < 0.001). In the overall population, there was also a benefit in PFS (HR 0.64; 95% CI: 
0.51–0.80; P < 0.001). OS at 24 months for all comers was 71.3% with dostarlimab and 56.0% with placebo (HR 0.64; 
95% CI: 0.46–0.87).4 The second trial (NRG-GY018) included 846 patients with advanced or recurrent (if chemotherapy 
free-interval was at least 12 months) EC (carcinosarcoma excluded). They had a consistent benefit in PFS at 12 months 
with the addition of pembrolizumab to carboplatin and paclitaxel compared to placebo in the MMRd cohort (74% vs 
38%, HR 0.30; 95% CI: 0.19–0.48; P<0.001), and in the MMRp cohort as well (HR 0.54; 95% CI: 0.41–0.71; P < 
0.001).5 Preliminary results from the combination of atezolizumab with chemotherapy (Attend/ENGOT-EN7) showed 
benefit in PFS as well (HR 0.74, 95%CI: 0.61–0.91; p = 0.0219) in all comers.48 Interestingly, exploratory molecular 
analyses were performed on 400 of 495 patients of RUBY study, of which 1.3% had POLE mutations, 22.8% MMRd, 
22% TP53 mutations and 54% NSMP. PFS according to molecular subtypes was better in the MMRd (HR 0.31; 95%IC: 
0.17–0.56) and TP53 mutated (HR 0.41; 95%IC: 0.2–0.82) with dostarlimab and chemotherapy, yet these results are 
exploratory and require additional investigation.19 Ongoing clinical trials studying ICI with different combinations and 
settings in EC will continue paving the treatment pathway for these patients.
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Antiangiogenic Therapy
Antiangiogenics have been actively explored alone or in combination with other agents in EC. Translational research 
demonstrated that proangiogenic gene expression and high microvessel density could predict poor outcomes according to 
histologic and molecular groups in EC. Modest efficacy (10–15%) was reported across different single-agent antiangiogenic 
agents.49 Bevacizumab is well known in gynecological cancer and is a monoclonal antibody against VEGF-A. In 52 recurrent 
EC patients with 1–2 prior lines of therapy, a phase 2 trial showed that single-agent bevacizumab yielded an ORR of 13.5% 
and median PFS of 4.2 months.50 This agent has also been investigated along with chemotherapy. GOG86P, a phase 2 trial of 
349 EC patients evaluated bevacizumab in combination with chemotherapy, chemotherapy plus temsirolimus or ixabepilone, 
carboplatin and bevacizumab. PFS was not significantly increased in any of the arms compared to historical controls.51 Of 
note, patients with TP53 mutations (44%) had a striking treatment effect favoring bevacizumab-containing arm (PFS HR 0.46, 
95% CI, 0.26–0.88; OS HR: 0.31, 95% CI, 0.16–0.62) compared to temsirolimus. TP53 mutations included missense or p53 
null tumor; however, the sample was too small to segregate both alterations, so whether which one affects outcomes was not 
clear. Regardless of the type of alteration, the regulation of the cell cycle is dysregulated, and angiogenesis may be enhanced in 
EC cells.52 MITO END-2 trial (n = 108) demonstrated a PFS of 13.7 months and ORR of 74.4% in patients with recurrent EC 
and no more than 1 prior line of treatment that received chemotherapy plus bevacizumab.53

Small-molecule multitargeted tyrosine kinase inhibitors (TKI) have been considered as well in this population. In 
a phase 2 trial, patients with recurrent or advanced EC or carcinosarcoma had an ORR of 18.1% (n = 33) with sunitinib; 7 
of them had control of the disease for over a year. Toxicity was a limitation as 52% of patients required dose reductions.54 

Further studies with single-agent TKI showed ORR of 9.4% with sunitinib (n = 32), 14.3% with lenvatinib (n = 133), 
14% with cabozantinib in endometrioid subtype (n = 36), 12% with cabozantinib in serous subtype (n = 34) and with 
cediranib an ORR of 12.5% in 48 patients with recurrent EC after 1–2 prior regimens.20,55 Combining antiangiogenic 
agents with other targeted therapies is an active area of current research.

Leveraging the Cancer Cell Pathways Alterations
Endocrine Therapy
Given the favorable safety profile, endocrine therapy is an appealing option for treatment, and it has been used for several 
years; yet, large randomized trials are lacking as well as validated biomarkers (definition of estrogen and progesterone receptor 
(ER and PR) status).49 Endocrine therapy is well tolerated and has ORR of 9 to 33%.56 For unselected population, progestins 
used as first-line therapy for recurrent and advanced EC showed an ORR of 23.3% and PFS of 2.9 months.57 A subset of 
patients may benefit in the long term but further investigation is needed for decision-making and to identify predictive factors 
for response beyond hormone receptors and low-grade tumors.49 High response rates have been seen especially among tumor 
grade 1 (ORR 38%) as reported by GOG-153 that evaluated tamoxifen alternated with megestrol acetate.58 Estrogen receptor 
agents and aromatase inhibitors (AI) have exhibited limited ORR from 9 to 17%.56 As such, combination therapies are 
preferred. AI have been found to be complimentary with therapies that target downstream molecular pathways, where there is 
a crosstalk between PI3K/AKT/mTOR pathway and endocrine signaling.49,56 Letrozole and everolimus have been evaluated in 
small studies showing an ORR of 22–32%, with the greatest benefit in chemo-naïve patients, and manageable toxicity.56 

Recently, in a phase I/II study of 49 heavily pretreated patients, vistusertib (mTOR inhibitor) plus anastrozole showed an ORR 
of 24.5% and median PFS of 5.2 months.59

In addition to combination with mTOR inhibitors, cyclin-depending kinase (CDK) 4/6 inhibitors are being tested in 
EC given its elevated expression in 35 to 77% of endometrioid EC.49,56 The combination of these inhibitors with 
endocrine therapy has been widely explored in breast cancer. One of the first studies in EC assessed the combination of 
letrozole and ribociclib (third-generation CDK4/6) and showed that 55% of patients (n = 20) with ER+ EC were on 
treatment at 12 weeks and 35% at 24 weeks. However, up to 60% had at least one grade 3 adverse event. A second phase 
II trial evaluated letrozole with abemaciclib in 30 heavily pretreated ER+ patients and the ORR was 30% with a median 
DOR of 7.4 months. Palbociclib has also been assessed in combination with letrozole (n = 36), which demonstrated an 
improved PFS (8.3 months) compared to letrozole alone (3 months; HR 0.56; 95%CI: 0.32–0.98).56 Continued research 
efforts to target hormone receptor positive tumors may focus on defining the hormone receptor status threshold, 
combining diverse agents and overcoming escape pathways in a selected group of patients like CNL group.
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PI3K/AKT/mTOR Pathway
Among molecular targeted therapies that have been studied in EC, PI3K/AKT/mTOR pathway inhibitors have been one of the 
main agents extensively studied. This pathway is involved in proliferation, metabolism, migration, and survival of tumor cells. 
It is a frequent activated pathway in EC, especially in endometrioid tumors that harbor more than 90% of mutations within this 
pathway. Single-agent inhibitor targeting one of the genes involved in this pathway has reported a modest response rate in 
early phase trials.12,20 Temsirolimus, a mTORC1 inhibitor, has been one of the most studied drugs with response rates between 
4% and 24% and median PFS up to 24% at 6 months.20 Novel inhibitors of PI3K pathway have been studied, including 
pilaralisib, which showed ORR of 6% and PFS at 6 months of 11.9% in recurrent EC patients with up to 2 prior lines of 
therapy. Another PI3K inhibitor has been explored, BKM120, in a phase 2 trial that reported a median PFS of 3.4 months; yet, 
accrual was stopped due to a high proportion of grade 3/4 toxicities.12,60 One of the limitations of this group of inhibitors has 
been diverse signaling feedback loops and cross-talk between different pathways including RAS/RAF/MEK, MAPK and 
estrogen receptor pathways.20 Moreover, they are considered to be poor inhibitors of the pathway with more a cytostatic effect 
than cytotoxic, and KRAS mutations could also play a role in this regard.12,61

AKT inhibitors have also been explored as a way to inhibit this pathway more efficiently upstream. MK-2206 was 
tested in 36 patients showing only 1 partial response and almost 40% of patients required dose reduction. Following this, 
AZD5363, a pan-AKT kinase inhibitor, was given to heavily pretreated patients with gynecologic tumors with AKT1 
E17K mutations (present in 2% of EC) and achieved a median PFS of 6.6 months.60 As part of the NCI-MATCH study, 
32 patients with the same molecular alteration received ipatasertib, a pan-AKT inhibitor, and achieved an ORR of 22% 
including one patient with endometrioid EC.62 This pathway is an attractive target in EC; yet, it has been challenging to 
develop agents given toxicity, cross resistance as monotherapy, but further innovative drug design, patient selection and 
alternative combinations are an ongoing field of interest.

HER2 Pathways
Human epidermal growth factor receptor 2 (HER2) is a receptor tyrosine-protein kinase encoded by ERBB2 which has 
also been studied as a therapeutic target for EC treatment. ERBB2 is amplified or overexpressed in 17–33% of uterine 
carcinosarcomas, serous EC and a subset of high-grade endometrioid EC. Its activation leads to signal transduction 
through PI3K and MAPK pathways which in turn induces proliferation, angiogenesis and survival of EC cells.20 

Trastuzumab, a humanized-monoclonal-antibody targeting Her2/Neu, has been studied in 61 advanced/recurrent serous 
EC in combination with carboplatin and paclitaxel in a phase II trial showing clinical benefit.63 Patients with recurrent 
EC and ERBB2/3 amplification, overexpression or mutations were enrolled in TAPUR study (n = 28), a pragmatic basket 
trial, and treated with pertuzumab and trastuzumab. This combination showed preliminary activity with an ORR of 7%, 
disease control of 37% and median PFS of 16 weeks.64 A phase 2/3 trial (NCT05256225) is currently looking at the 
combination of pertuzumab, trastuzumab and chemotherapy in serous EC and carcinosarcoma overexpressing HER2.

HER2/neu is also an interesting target for antibody drug conjugate (ADC) development. Ado-trastuzumab emtansine 
(T-DM1) was the first ADC against HER2 linked with emtansine (microtubule inhibitor) to become available and was studied 
as part of NCI-MATCH study in 38 patients with HER2-amplified tumors. Stable disease was achieved in 47% including 8/10 
with ovarian and uterine carcinomas; however, it did not meet the primary endpoint for ORR (5.6% for entire cohort).65 

Thereafter, the therapeutic landscape of trastuzumab-drug conjugates continues evolving from TDM-1 to novel next- 
generation ADC which have shown positive results. Trastuzumab-deruxtecan (T-Dxd) is a next-generation ADC composed 
of human antibody against HER2, a cleavable linker and a highly potent 11qatopoisomerase I inhibitor (DXd). Early results 
from the STATICE trial showed a response rate of 55% in recurrent HER2-positive uterine carcinosarcoma (n = 22). 
Interestingly, it also showed activity in HER2-low positive tumors (n = 10) with an ORR of 70%. Toxicity was consistent 
with previous reports of breast cancer, including grade 3 interstitial lung disease in one patient.66 Destiny-PanTumor02 study 
included 40 patients with EC not eligible for curative therapy with HER2 positive expression (IHC 3+ or 2+). ORR in EC 
cohort was 57.5% with T-Dxd, those with expression IHC 3+ had an ORR of 84.6% while those with IHC2+ of 47.1%.67 

Based on this promising early activity, this agent is currently being explored in other prospective studies. DB1303, another 
ADC consisting of a humanized anti-HER2 antibody covalently linked to a topoisomerase I inhibitor (P1003), has shown 
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preliminary antitumor activity (ORR 44.2%, 23/52) including EC (ORR 33.3%, 1/3) in a phase I/II.68 Current evidence from 
ADC against HER2 is encouraging and further development is in progress to improve personalized care.

Targeting the DNA Damage and Cell Cycle Pathway
Given the initial good response to platinum-based chemotherapy in some patients, targeting DNA repair pathway is an 
interesting approach. Recently, the phase IIb UTOLA trial explored the role of olaparib vs placebo as maintenance therapy 
after achieving control of the disease with first-line platinum-based chemotherapy in advanced EC, showing no benefit in the 
intent to treat population. However, in the exploratory analyses, a benefit in PFS was observed (n = 73; PFS 5.4 vs 3.6 months, 
p = 0.02) in those with HR-deficient tumors (defined by number of large genomic events) with olaparib.69 Of note, the reports 
about HR deficiency rates in EC are so variable, from 15 to 53%, without a clear definition of this phenotype. They are more 
frequent in serous subtype and TP53-mutated tumors.17 Future research is needed to clarify the clinical implication of HRR 
mutations and/or HR deficiency in EC and to establish a standardized definition.

Targeting replication stress (RS) and cell cycle control is also of special interest in EC, particularly in the serous subtype.45 

Elevated levels of RS trigger DNA damage response sensors including WEE1-like protein kinase (WEE1), protein kinase 
membrane associated tyrosine/threonine 1 (PKMYT1), ataxia telangiectasia mutated (ATM) and ataxia telangiectasia and 
Rad3-related kinase (ATR), which promote cell cycle arrest while allowing cell reparation and survival. Thus, the inhibition of 
this pathway induces mitotic catastrophe and cell death. WEE1 kinase is a key regulator of the S and G2/M phase cell-cycle 
checkpoints and inactivates cyclin E1 (CCNE1) to control DNA replication. CCNE1 amplification is frequent in gynecologic 
tumors including EC and carcinosarcoma.17 A non-randomized phase II study of WEE1 inhibitor adavosertib showed 
promising clinical activity (ORR 29.4%) and PFS at 6 months of 47.1% in 34 evaluable patients with recurrent serous 
EC.70 Recently, ADAGIO phase 2b study showed an ORR of 26% and median DOR of 4.7 months with adavosertib as single 
agent in 104 heavily pretreated serous EC patients. However, tolerance was a limitation with 68.8% of patients with > grade 3 
adverse events.71 Tumors with ATM or p53 deficiency are highly dependent on the ATR/CHK1/WEE1 pathway to be able to 
repair DNA. ATR plays a key role in the DNA damage response as well, and its inhibition could affect genomic instability. 
Confirmed partial responses were observed in 3 patients with EC and 1 with anal cancer (n = 49) with ART0380 (ATR 
inhibitor) in a phase I study.72 CHK1/2 participate in the cell cycle by inhibiting S and G2/M checkpoints and allowing repair 
of DNA. GDC-0575, a CHK1 inhibitor, was tested alone or in combination with gemcitabine in a phase 1 trial in refractory 
solid tumors (n = 90) including 4 EC patients and showed clinical benefit in 66%, but overall tolerability with gemcitabine was 
limited.73 PKMYT1 inhibition disrupts the G2/M checkpoint leading to premature mitosis and catastrophic DNA damage. In 
a phase I trial (MYTHIC), lunresertib (PKMYT1 inhibitor) was tested alone or in combination with camonsertib (ATR 
inhibitor) in resistant solid tumors with CCNE1-amplified, deleterious FBXW7 or PPP2R1A, of which 40 had EC. Preliminary 
response with the combination was seen in gynecologic cancer.74 Further studies are needed in a selected population.

Metabolic Vulnerabilities in EC
Metabolic reprogramming is defined as a complex process in which rewiring of amino acid, glucose and lipid leads to tumor 
cell growth and metastasis; an area of study in EC. Cancer metabolic process is modulated by multiple factors and pathways, 
including PI3K/AKT signaling network that possesses various downstream impacts on the metabolic process. Diverse 
adipokines have direct effects on tumor proliferation and metastasis in patients with EC and insulin resistance; the latter 
has been identified as a potential link to EC. It has been hypothesized that estrogen along with insulin favor proliferation of 
endometrial tumor cells via PI3K/AKT and MEK/ERK signaling.75 Based on these changes, metformin has been explored 
in vitro, which blocks the proliferation of EC cells through activation of AMPK, upregulation of Hippo pathway, suppression 
of PD-L1 and subsequent inhibition of mTOR pathway.75,76 Metformin has been evaluated in different solid tumors, with often 
disappointed outcomes.76 A phase II study assessed the combination of metformin, letrozole and everolimus in patients with 
endometrioid EC and less than 2 prior lines, and showed an ORR of 28% (15/54) and stable disease of 50% (12/54), with no 
differences in outcomes according to PTEN, PI3KCA or KRAS alterations.77 ENDOLA study, a prospective phase I/II study, 
assessed the efficacy of olaparib combined with metformin and metronomic cyclophosphamide in 31 pre-treated EC patients 
and found an ORR of 20.8% and disease-control rate of 66.6%.78 Metformin may have a synergistic activity with PARPi 
through direct mechanisms (insulin-independent) and PIK3CA/AKT/mTOR pathway (indirect).76
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GLP-1R agonists have been recently studied in oncology, and they might exert an effect on cancer growth and progression 
and reverse chemoresistance in different solid tumors.79–81 They might induce the expression of GLP-1R in EC cells and 
inhibit cancer cell growth, via the AMPK signaling pathway.79 SGLT2 inhibitors have been associated with an anti-cancer 
effect representing an advantageous option for the development of novel therapies.82 Further clinical evidence will clarify the 
role of the antihyperglycemic drugs in EC and the potential role if tested earlier in the patient journey.

Other Potential Targets in Recurrent EC
Epidermal growth factor receptor (EGFR) activation transduces multiple-signaling pathways and its complex interplay 
with them impact the function of relevant downstream elements. The interaction with PI3K pathway is of critical 
importance in EC, and given EGFR is overexpressed between 43 and 67%, previous trials have tried to inhibit its 
activity.83 However, among EGFR inhibitors, erlotinib, cetuximab and lapatinib reported discouraging results.12,20

MEK activation can lead to the phosphorylation of ERK1, induce proliferation and survival of tumor cells. 
Selumetinib, a selective MEK1/2 inhibitor, was studied in the treatment of recurrent EC but had a very limited ORR 
of 6%.20 Given poor response, the combination of an MEK inhibitor (trametinib) with AKT inhibitor (GSK2141795) was 
explored in a phase I trial but showed high levels of toxicity.61

The karyopherin protein exportin-1 (XPO-1) is responsible for the nuclear export of multiple proteins including p53 
and growth and cell cycle proteins (p21 and p16). Selinexor is a selective inhibitor of nuclear export compound, which 
blocks XPO1 activity, leading to nuclear accumulation and reactivation of p53. This agent was tested as maintenance 
after response to platinum-based chemotherapy in EC and showed a median PFS of 5.7 vs 3.8 months with placebo (HR 
0.76, 95%CI: 0.54–1.08; p = 0.126). Patients with TP53-wild type EC had a median PFS of 13.7 and 3.7 months with 
selinexor and placebo (HR 0.41, 95%CI: 0.23–0.72, p = 0.002), which was a prespecified exploratory subgroup 
analysis.84 A phase 3 study is ongoing to assess selinexor as maintenance treatment for patients with recurrent TP53- 
wild type EC (NCT05611931).

Leveraging the Cancer Cell Surface Antigen to Improve Drug Delivery
Antibody-drug conjugates (ADC) combine the tumor-targeting capabilities of monoclonal antibodies with cytotoxic agents 
and have been explored in advanced or recurrent EC. Different tumor antigens have been identified as potential targets.

Tisotumab vedotin is a monoclonal antibody targeting tissue factor (TF) combined to the microtubule-disrupting agent 
monomethyl auristatin E. TF is overexpressed in around 50% (14–100%) of patients with EC, and preliminary results have 
been reported as part of the phase 1/2 basket InnovaTV trial. An ORR of 7% (1/14) in the EC cohort was outlined with 
a manageable toxicity profile.85 Folate receptor (FR) α is expressed in approximately 64% of EC, and anti-FRα ADC have 
been developed including mirvetuximab soravtansine.86 In a phase I study of FRα-positive solid tumors, 2 of 11 endometrial 
cancer patients at a dose of 5 mg/kg showed a response.87 Ongoing trials are evaluating mirvetuximab soravtansine in EC in 
this context (NCT03835819 and NCT03748186). Luveltamab tazevibulin is a novel anti-FRα ADC and initial efficacy data 
showed an ORR of 37.5% (6/16) in recurrent EC with acceptable toxicity.88

Trophoblast Cell Surface Antigen-2 (Trop2) is a tumor-associated calcium signal transducer that is overexpressed in over 
90% of endometrioid and 65% serous EC. Sacituzumab govitecan is an ADC targeting Trop2 recently developed. In a phase I/ 
II basket trial, within the EC cohort with Trop2 overexpression (n = 21), an ORR of 33% and median PFS of 5.7 months were 
reported.89 B7-H4 is a B7 immune checkpoint ligand upregulated in EC in up to 70% of patients and especially among those 
with CNL or NSMP tumors.90 SGN-B7H4V is a vedotin ADC targeting this marker, and the first results from Part A of an 
ongoing phase I study showed that 1 of 16 patients with EC had an ORR to this agent irrespective of B7-H4 expression.91

ADC represents a rapidly evolving field of targeted therapy which have shown early clinical benefit with acceptable 
toxicity and larger trials are planned. Future generation of ADC, including bispecific ADC, dual or immune stimulating 
payload and radionucleotide ADC, and recognition of new surface targets, offer novel perspectives for investigation.92

Perspectives for Targeted Therapy
The landscape of EC is changing at great speed with more options available for patients based on disease characteristics. As we 
lean towards precision medicine, it is important to ensure that this benefit is observed for everyone; yet, trials inclusion do not 
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necessarily represent the population diversity. For example, efforts are needed to understand why Black women have 
significantly higher rates of mortality compared with White women.93 Aggressive molecular subtypes from TCGA such as 
CNH are more common in Black women which conferred a worse PFS.94 Black patients are also more likely to have TP53- 
mutated tumors that are associated with poor survival.95 Similarly, a significantly higher prevalence of high-risk histologic 
(serous and carcinosarcoma, p < 0.001) and molecular (CNH/TP53 abnormal, p < 0.001) subtypes of EC in self-identified 
Black compared with White patients has been noted. CN-H/TP53abnormal EC in Black patients more frequently harbored 
CCNE1 amplification (21% vs 11%, q < 0.1).96 Real-world data (Endometrial Cancer Molecularly Targeted Consortium) from 
994 patients with recurrent/advanced EC who had NGS testing reported that Black patients were more likely to have tumors 
with TP53 alterations (41.6 vs 26.6%, p < 0.001), and less likely to have PI3K/PTEN alterations (p < 0.001) and tumors with 
high tumor mutational burden (3.1 vs 7%, p = 0.001).97 Therefore, there is a critical need to address the importance of diversity 
and ensure population representation in clinical trials.

While interrogation of biological processes can inform new treatment paradigms, the identifiable target may not 
demonstrate oncogenic addiction, leading to weak interactions between the target and the drug, thus, may not provide 
therapeutic benefit. In addition to tumor characterization, functional assessment is important as the target needs to be 
druggable and translate into clinical actionability to circumvent tumor progression and control disease.98 Effective drug 
engineering requires a comprehensive knowledge of the biology and genomics of EC, identification of druggable/ 
oncogenic targets, effective drug delivery system, targeting specificity of the ligand and tumor tissue targeting (drug 
accumulation in tumor tissue while reducing uptake in normal tissues).99 In addition to drug development, understanding 
the mechanisms of intrinsic and acquired resistance in EC is also part of the process to optimize personalized therapy.

With the development of new therapies and the will to cure, combination therapy is often used to maximize dose/intensity 
to the target. This evaluation needs to be developed alongside patient-reported outcomes to ensure patient benefit and quality 
of life improvement. As the management of EC is rapidly changing, the question of treatment sequence has not yet been 
elucidated, including ICI after ICI, impact on further treatment and the need for long-term follow-up.

Conclusion
Whilst EC treatment remains challenging, a better understanding of the genomic diversity, tumor microenvironment and 
oncogenic drivers has led to innovative therapeutic approaches towards personalized medicine. Emerging areas of 
therapeutic interest lie in selected patients (molecularly driven therapy) and combination approaches. Additional efforts 
are needed with robust biomarker identification, resistance mechanism recognition, and further translational research to 
improve patient’s outcome in every stage of EC. Special interest should be driven towards the importance of clinical trial 
design, including diversity and patient-reported outcomes.
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