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A B S T R A C T   

Until recently, patients diagnosed with locally advanced and metastatic endometrial cancer faced significant 
challenges in their treatment due to limited options and poor prognostic outcomes. The sequencing of tumors has 
been a major advancement in its management. It has led to The Cancer Genome Atlas classification currently 
used in clinical practice and the initiation of several clinical trials for innovative treatments targeting principally 
signaling pathways, immune checkpoints, DNA integrity, growth factors, hormonal signaling, and metabolism. 
Numerous clinical trials are investigating a combinatorial approach of these targeted therapies to counter tu-
moral resistance, cellular compensatory mechanisms, and tumor polyclonality. This review provides a compre-
hensive overview of historical, current, and promising therapies in advanced and metastatic endometrial cancer. 
It particularly highlights clinical research on targeted and hormonal therapies, but also immunotherapy, 
reflecting the evolving landscape of treatment modalities for this disease.   

Introduction 

Endometrial cancer (EC) is the sixth most prevalent cancer among 
women, with 417,000 new cases reported annually worldwide [1]. The 
global incidence of EC has risen by 21% since 2008, attributed to 
extended life expectancy and the increasing prevalence of obesity [2]. 
The majority of patients are diagnosed at an early stage and their 
standard treatment involves surgical intervention, with or without 
adjuvant radiotherapy and/or chemotherapy, tailored to the assessed 
risk of disease recurrence [3]. 

However, approximately 15 % of patients are diagnosed at advanced 
stages, exhibiting a five-year overall survival (OS) rate of 40–65 % and 
15–17 % for International Federation of Gynecology and Obstetrics 
(FIGO) stages III and IVA-B respectively. Until recently, women with 
recurrent or metastatic (FIGO IVC) disease faced limited therapeutic 
alternatives, primarily restricted to chemotherapy, which exhibits 
reduced effectiveness after first-line treatment. Based on comprehensive 
genomic analyses, The Cancer Genome Atlas (TCGA) classification has 

revolutionized the management of EC, enabling the development of 
innovative therapies. Inspired by TCGA, the Proactive Molecular Risk 
Classifier for Endometrial Cancer (ProMisE) uses cost-effective methods, 
and clinically practical techniques (such as immunohistochemistry and 
Polymerase Chain Reaction) to classify EC into four subgroups: (i) POLε 
mutated; (ii) mismatch repair deficiency (MMRd); (iii) abnormal p53; 
and (iv) no specific molecular profile (NSMP). This review examines 
current and emerging treatments for advanced/recurrent EC, focusing 
on targeted treatments tailored to ProMisE subgroups and therapies 
aimed at specific targets which play a crucial role in tumor biology. This 
approach offers a comprehensive perspective on the therapeutic strate-
gies being explored for advanced/recurrent EC. 

Targeted treatments tailored to ProMisE subgroups 

POLε mutated (7–10 % of EC) 

The POLε gene encodes DNA polymerase ε, which is involved in DNA 
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replication and replication fidelity. Tumors with mutations in the 
exonuclease domain of POLε (POLEmut) are associated with a high 
tumor mutational burden (TMB). Despite their hypermutated profile, 
the prognosis for these tumors is favorable (early stage, low recurrence 
rate). The high TMB generates abnormal proteins on the surface of 
tumor cells, making them more visible to the immune system and 
leading to a significant number of tumor-infiltrating lymphocytes. For 
advanced/recurrent EC, immune checkpoint inhibitors (ICIs) are 
promising, with ongoing studies [4,5]. 

MMRd/MicroSatellite Instability High (MSI-H) profile (25–30 % of EC) 

Immunotherapy, notably ICIs, represents a major improvement in 
the treatment of advanced/recurrent EC, particularly in this subgroup. 
MMRd tumors are deficient in the DNA mismatch repair system, leading 
to a high TMB and overexpression of the Programmed Death-Ligand 1 
(PD-L1) protein. Several clinical trials have demonstrated significant 
efficacy in the first and second treatment lines (Table 1). 

Second-line treatment in metastatic disease 
The single-arm phase II study, KEYNOTE-158, evaluated pem-

brolizumab in 90 patients with MMRd advanced/recurrent EC pro-
gressing after a first-line of chemotherapy. The results showed a 

promising overall response rate (ORR) of 48 %, with a progression free 
survival (PFS) of 13.1 months and a complete response (CR) rate of 14 
%. The median duration of response (mDoR) (2.9–49.7+) and OS (27.2- 
NR) were not reached. Among the 90 patients, 76 % experienced 
treatment-related adverse events, with 12 % being grade ≥ 3, and 7 % 
leading to treatment discontinuation. In 2022, pembrolizumab has been 
approved by the Food and Drug Administration (FDA) and European 
Medicines Agency (EMA) as a single agent for patients with advanced 
MMRd or MSI-H EC who have disease progression following prior sys-
temic therapy in any setting. 

The single-arm phase I trial, GARNET, evaluated dostarlimab in two 
cohorts: MMRd (n = 108) and Mismatch Repair proficient (MMRp) (n =
156). The ORR was 45.5 and 15.4 % in MMRd and MMRp cohorts 
respectively. TMB is more frequent in MMRd population (86.5 % vs. 7.2 
% in MMRp), while the Combined Positive Score (CPS) > 1 is frequent in 
both cohorts (71.9 % in MMRd vs. 57.7 % in MMRp). Surprisingly, 
among patients with high TMB and CPS > 1, ORRs were remarkably 
similar regardless of MMR status (60.4 % in MMRd and 66.7 % in 
MMRp). Patients with low TMB and CPS < 1 exhibited lower ORRs to 
dostarlimab (20 % in MMRd and 7.1 % in MMRp) [6,7]. Based on these 
results, dostarlimab was approved by FDA for MMRd advanced solid 
tumors and by EMA for MMRd–MSI-H advanced/recurrent EC. 

In phase I POD1UM-101 trial, the efficacy and safety of retifanlimab 

Table 1 
Clinical trials of targeted treatments tailored to MMRd/MicroSatellite Instability High (MSI-H) profile.  

CT, chemotherapy; MMRd, mismatch repair deficient; HR, hazard ratio; MMRp, mismatch repair proficient; mPFS, median progression-free survival; pCR, pathological 
complete response; DOR, duration of response; NR, not reached; DCR, disease control rate; mDOR, median DOR. In green, phase III trial; in red, phase II; in yellow, 
phase I. 
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(a PD1-inhibitor) were evaluated in recurrent MMRd EC, after one to 
five prior lines of treatment (ICI-naïve). The authors showed an ORR of 
43.3 %, with 14.5 % CR and 28.9 % partial responses (PR). Out of them, 
75.8 % had DoR lasting more than 6 months [8,9]. 

The ongoing umbrella phase II POD1UM-204 study is assessing the 
efficacy of retifanlimab alone, or in combination with other immuno-
therapy or targeted agents such as epacadostat, an Indoleamine 2,3- 
DiOxygenase 1 (IDO1) inhibitor [10]. 

These results offer a therapeutic approach for patient refractory to 
chemotherapy, with high responses in MMRd tumors. The use of 
immunotherapy has been extended to first-line treatment combined 
with chemotherapy. 

First-line treatment in advanced/recurrent disease: chemotherapy + ICI 
The phase III, double-blind and randomized, RUBY part 1 trial 

evaluated the efficacy of adding dostarlimab to standard chemotherapy 
in 494 EC patients (23.9 % had MMRd tumors). Patients received dos-
tarlimab or placebo, in combination with chemotherapy and in main-
tenance. In the MMRd cohort, the dostarlimab arm was associated with a 
72 % lower risk of progression than the placebo arm (HR: 0.28, 95 % CI: 
0.16–0.50). The 2-year PFS rate was 61.4 % and 15.7 % in the dos-
tarlimab and in the placebo arm respectively. This benefit was also 
observed in the overall population, with a 36 % lower risk of progres-
sion. The OS benefit with dostarlimab was statistically significant either 
in the overall (HR: 0.69, 95 % CI: 0.54–0.89) or in the MMRd pop-
ulations (HR: 0.32, 95 % CI: 0.17–0.63) [11]. Dostarlimab with carbo-
platin and paclitaxel followed by single-agent dostarlimab received FDA 
and EMA approvals in 2023 for primary advanced or recurrent MMRd/ 
MSI-H EC. 

The randomized phase III NRG-GY018trial assessed the efficacy of 
adding pembrolizumab to standard chemotherapy. The 816 patients 
were randomly assigned to receive chemotherapy with pembrolizumab 
or placebo following by maintenance. In the MMRd cohort (n = 225), 
pembrolizumab reduced the risk of disease progression by 70 % 
compared to the control arm, with a 12-month PFS of 74 % and 38 %, 
respectively (HR: 0.30, 95 % CI: 0.19–0.48). In the MMRp group (n =
591), the median PFS (mPFS) was 13.1 months with pembrolizumab 
and 8.7 months with placebo (HR: 0.54, 95 % CI: 0.41–0.71). The 
benefit of pembrolizumab in the MMRd cohort was observed regardless 
of the mechanism of MMR loss (MLH1 hypermethylation or Lynch 
syndrome). The safety profile was favorable in both cohorts, with similar 
frequencies of severe adverse events (AEs) [12]. 

AtTEND is a phase III, randomized and double-blind trial, including 
551 patients, investigating the efficacy of adding atezolizumab to 
standard chemotherapy. These patients were randomly assigned to 
receive atezolizumab or placebo with chemotherapy followed by 
maintenance therapy with atezolizumab or placebo until disease pro-
gression. After a median follow-up of 26.2months, the atezolizumab 
group showed a significant benefit in the MMRd group (HR: 0.36, 95 % 
CI: 0.23–0.57) with a 2-year PFS of 50.4 % in the atezolizumab vs. 16.0 
% in the placebo cohorts. A statistically significant benefit was also 
demonstrated in the overall population (HR: 0.74, 95 % CI: 0.61–0.91). 

First-line treatment in advanced/recurrent disease: chemotherapy + ICI +
poly(ADP-ribose) polymerase inhibitors (PARPi) 

DUO-E is a double-blind phase III trial investigating the efficacy and 
safety of durvalumab and olaparib in combination with standard 
chemotherapy. This trial includes three arms: chemotherapy (Arm A, n 
= 241), chemotherapy + durvalumab followed by durvalumab + pla-
cebo (Arm B, n = 238), chemotherapy + durvalumab followed by dur-
valumab + olaparib (Arm C, n = 239). The results indicate a statistically 
significant PFS benefit for arm B (HR: 0.71, 95 % CI: 0.57–0.89) 
compared to arm A, and for arm C compared to arm A (HR: 0.55, 95 % 
CI: 0.43–0.69). The addition of olaparib to durvalumab could enhance 
the PFS benefit in the MMRp group. However, the study was not 
designed to compare arms B and C. Conversely, addition of durvalumab 

alone is sufficient in the MMRd population [13]. 
The RUBY part 2 trial includes 291 patients and evaluates standard 

chemotherapy with dostarlimab or placebo, followed by dostarlimab +
niraparib or placebo maintenance therapy for up to 3 years. A significant 
PFS benefit for dostarlimab + niraparib was observed in the overall (HR: 
0.60, 95 % CI: 0.43–0.82), in the MMRd (HR: 0.48, 95 % CI: 0.24–0.96) 
but also in the MMRp cohorts (HR: 0.63, 95 % CI: 0.44–0.91) [14]. 

Except for dostarlimab evaluated in the RUBY part I trial, the other 
studies evaluating ICIs in the first-line are not yet mature for OS. 

p53 abnormal (15–20 % of EC) 

TP53 gene mutations and/or p53 abnormal expression strongly 
predict a worse prognosis [15,16]. Several clinical studies have focused 
on the abnormal p53 profile in EC (Table 2). Cancers with TP53 gene 
mutations are typically dysregulated at the G1/S phase checkpoint, 
rendering them more vulnerable to Wee1 protein inhibition. The phase 
IIb ADAGIO study demonstrated clinical activity of adavosertib (Wee1 
inhibitor) monotherapy in 109 patients with recurrent serous carcinoma 
who had received at least one prior line of platinum-based chemo-
therapy. The authors reported an ORR of 26 % with 1 CR and 26 PR [17]. 
Its limitation appears to be the toxicity profile. Recently, a new selective 
small molecule called ZN-c3 has exhibited greater selectivity and 
improved safety profiles compared to adavosertib [18]. 

Moreover, the exact impact of immunotherapy necessitates further 
investigations in terms of sensitivity and resistance. Indeed, the RUBY 
Part I study demonstrated significant improvement with dostarlimab in 
OS (HR: 0.41, 95 % CI: 0.2–0.82) and PFS (HR: 0.55, 95 % CI: 0.30–0.99) 
in this population. The RUBY Part II study confirmed these data with the 
association of niraparib and dostarlimab. The genotoxic stress and DNA 
damage lead to an increase of PD-L1 expression in a p53-dependent 
manner, resulting in modulation of the tumor immune response [19]. 
Conversely, the phase II randomized MITO-END3 study evaluating the 
efficacy of avelumab (anti PD-L1), demonstrated efficacy in the MMRd 
cohort but resulted in worse outcomes in patients harboring p53 mu-
tations [20]. These findings suggest that TP53 mutations may confer 
resistance to immunotherapy, through mechanisms such as hyper-
progression and immune microenvironment escape. However, the 
sample size (n = 88 in RUBY trial and n = 47 for MITO-END3) is too 
small to reach definitive conclusions [21,22]. 

A non-replicative adenovirus vector for p53 gene transfer (Ad5CMV- 
p53) combined with radiotherapy has improved survival rates in cer-
vical cancer patients as demonstrated in a meta-analysis [23,24]. These 
findings could pave the way for novel gene therapies targeting p53 in 
gynecological malignancies, including EC. 

NSMP (40–45 % of EC) 

This group is heterogeneous and characterized by a low copy number 
alteration. Clinical studies specifically targeted proteins or signaling 
pathway deregulations (Table 3). 

Hormonal receptors 
Hormonal therapy (HT) has long been a treatment modality in the 

management of EC, specifically for patients with low-grade, estro-
progestative receptor-positive and indolent tumors [25]. 

Progestin agents, such as megestrol acetate (MA) and medrox-
yprogesterone acetate (MPA), are commonly used (ORR: 15–25 % and 
mPFS around 3 months). Tamoxifen can be used alone or in combination 
with progestins (mPFS of 10 months). Aromatase inhibitors, including 
anastrozole and letrozole, are another HT showing modest activity 
(ORR: 10 %). 

Aromatase inhibitors associated with mTOR inhibitors, such as 
everolimus or vistusertib, have been studied to enhance responses to HT, 
yielding promising results in terms of ORR and PFS. A recent phase I/II 
study assessed vistusertib with anastrozole in 49 pretreated patients, 

A. Salmon et al.                                                                                                                                                                                                                                 



Cancer Treatment Reviews 129 (2024) 102790

4

reporting an ORR of 24.5 % compared to 17.4 % for anastrozole alone, 
with a mPFS of 5.2 vs. 1.9 months [26]. 

Activation of the estrogen receptor (ER) is a major driver of cyclin 
D1-CDK4/6 upregulation. The combination of letrozole with CDK4/6 
inhibitors such as palbociclib, ribociclib, or abemaciclib, has been 
investigated in several phase II trials in advanced/recurrent EC. In the 
PALEO study, which tested patients treated with letrozole and palboci-
clib, a significant improvement in PFS was observed (8.3 vs. 3.0 months 
with letrozole alone) [27]. Similarly, the NCT02657928 trial evaluating 
letrozole combined with ribociclib demonstrated promising clinical ac-
tivity, with a 12 and 24-month PFS of 55 % and 20 %, respectively [28]. 
Another study (NCT03675893) investigating letrozole in combination 
with abemaciclib reported an ORR of 30 % [29]. Unfortunately, the 
phase III study evaluating the combination of letrozole with lerociclib 
was aborted (due to strategies changes within the company). 

Exportin 1 
Selinexor is an oral specific Exportin 1 (XPO1) inhibitor that acti-

vates tumor suppressor proteins (including p53) via nuclear retention. 
The phase III SIENDO trial evaluated its efficacy as maintenance therapy 
in advanced/recurrent EC. In the overall population, selinexor exhibits a 
mPFS of 5.7 months versus 3.8 months with placebo. This treatment 
seems to be more efficient in the TP53 wild-type (TP53wt) cohort with a 
PFS of 28.4 vs. 5.2 months with placebo (HR: 0.41; 95 % CI: 0.25–0.69) 
[30,31]. Furthermore, the benefit of selinexor was observed regardless 
the MMR status (TP53wt/pMMR: 39.5 vs. 4.9 months and TP53wt/ 
dMMR : 13.1 vs. 3.7 months) [32]. The ongoing phase III ENGOT-EN20/ 
GOG-3083/xport-EC-042 study, is evaluating selinexor as mainte-
nance therapy specifically in the TP53wt population [33]. 

В-catenin/Wnt (CTNNB1 mutations in 30 % of EC) 
Emerging evidence highlights the crucial role of β-catenin-dependent 

signaling in the progression of endometrioid EC. CTNNB1 mutations are 
generally associated with good prognosis but surprisingly with a PFS 
decreased [34]. 

DKN-01 is a monoclonal antibody targeting Dickkopf-1 (DKK-1), a 
negative regulator of the Wnt signaling pathway. A phase II study 
(NCT03395080) evaluated the efficacy of DKN-01 as monotherapy or in 
combination with paclitaxel in 124 patients with recurrent EC or 
platinum-resistant/refractory epithelial ovarian cancer [35]. The 

authors demonstrated promising clinical activity in EC patients with 
high tumoral DKK1 expression, frequently corresponding to the pres-
ence of a Wnt-activating mutation. 

Another approach evaluated Porcupine (PORCN) activity inhibition, 
a protein involved in post-translational modifications of Wnt [36]. 
NCT02521844 is a clinical trial investigating the safety and tolerability 
of ETC-159 (PORCN inhibitor), alone or in combination with pem-
brolizumab, in advanced solid tumors. LGK974 is another PORCN in-
hibitor which is undergoing clinical evaluation in solid malignancies. 

Targeted treatments not tailored to ProMisE classification 

In addition to treatments evaluated across different ProMisE sub-
groups, some targeted strategies focus on specific various proteins. 

Growth factor receptor family 

Angiogenesis and proliferation are key factors in EC progression. 
Elevated levels of Vascular Endothelial Growth Factor (VEGF), Fibro-
blast Growth Factor (FGF), Epidermal Growth Factor (EGF) and Human 
Epidermal Growth Factor Receptor are correlated with poor prognosis 
[37]. Consequently, clinical trials targeting these VEGF/FGF/EGF 
pathways have been conducted (Table 4). 

VEGF receptors 
Bevacizumab is a recombinant monoclonal antibody which specif-

ically binds to the VEGF. It demonstrated promising results in a phase II 
trial with 52 patients with advanced/recurrent EC, reporting an ORR of 
13.5 %, mDoR of 6 months, mPFS of 4.17 months, and mOS of 10.55 
months [38]. In the GOG209 trial including 15 patients, adding bev-
acizumab to chemotherapy resulted in a mPFS of 18 months, a mOS of 
58 months, and an ORR of 73 % [39]. 

In a phase II trial, Aflibercept (VEGF Trap) demonstrated a 6-month 
PFS rate of 41 % in 44 patients with advanced/recurrent EC. The mPFS 
and mOS were 2.9 and 14.5 months, respectively [40]. However, the 
unfavorable toxicity profile discouraged further investigations. 

Trebananib, a peptibody inhibiting the Tie2 receptor, showed min-
imal activity in a phase II trial (n = 32; ORR: 3.1 %) [41]. Cediranib, 
another Tyrosine Kinase Inhibitor (TKI) targeting VEGFR-1/− 2/− 3 
and c-Kit reported a mPFS of 3.6 months and a mOS of 12.5 months in 

Table 2 
Clinical trials of targeted treatments tailored to p53 abnormal profile.  

CT, chemotherapy; ORR, overall response rate; OS, Overall survival; PFS, progression-free survival; HR, hazard ratio; CI, Confidence Interval; CR, Complete response; 
PR, Partial response. In green, phase III trial; in red, phase II. 
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the GOG 229 trial [42]. Pazopanib, a multi-targeted TKI (VEGFR 1/2/3, 
PDGFR − α/-β, c-Kit), has shown negligible benefit in endometrial car-
cinosarcoma patients (ORR: 15.8 % at 6 months) [43]. Sunitinib showed 
an ORR of 18.1 % and a 6-month DCR of 30 % [44]. 

A randomized phase II trial comparing cabozantinib plus nivolumab 
(anti PD-1) versus nivolumab alone has demonstrated improved ORR 
and PFS in the combination arm (ORR: 25 % vs. 16 %, PFS: 5.3 vs. 1.9 

months, respectively) [45]. 

FGF Receptors (Activating FGFR2 mutations: 16 % of EC) 
The crosstalk between FGFR and VEGFR pathways in tumor angio-

genesis implies that elevated FGF or FGFR expression could contribute 
to resistance against VEGF-targeting therapies. The treatments used to 
inhibit its activity are multi-targeted TKIs. TKI targeting FGFR notably 

Table 3 
Clinical trials of targeted treatments tailored to NSMP profile.  

HR, hazard ratio; CI, Confidence Interval; ORR, overall response rate; mPFS, median progression-free survival; mOS, median overall survival; MPA, medrox-
yprogesterone acetate; MA, megestrol acetate; CRR, complete response rate; CBR, clinical benefit rate; DCR, disease control rate; PFS12, progression-free survival at 12 
months; PFS24, progression-free survival at 24 months; PFS6, progression-free survival at 6 months. PORCN, Porcupine; DKK-1, Dickkopf-1. In green, phase III trial; in 
red, phase II; in yellow, phase I. 
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Table 4 
Clinical trials of agents targeting growth factor receptors.  

ORR, overall response rate; mPFS, median progression-free survival; mOS, median overall survival; Ab, antibody; TKI, tyrosine kinase inhibitor; FGFR2mut, FGFR2 
mutated; FGFR2wt, FGFR2 wild-type; MMRp, mismatch repair proficient; MMRd, mismatch repair deficient; CT, chemotherapy; T-DXd, trastuzumab deruxtecan; NR, 
not reached. In green, phase III trial; in red, phase II; in yellow, phase I. 
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such as brivanib (NCT00888173), nintedanib (NCT01225887), or 
dovitinib (NCT01379534) have exhibited mPFS ranging from 2.7 to 4.1 
months and mOS from 9.3 to 20.2 months, with more promising results 
in FGFR2-mutated tumors [46–48]. 

The efficacy of lenvatinib, a TKI targeting VEGF1-3, FGFR1-4, 
PDGFRα, RET and KIT, was evaluated in several phase I-III trials in 
patients with advanced/recurrent EC experiencing disease progression 
after prior systemic treatment [49]. The phase Ib/II KEYNOTE-146/ 
Study 111 [50] investigating pembrolizumab and lenvatinib (87 % 
MMRp and 10.2 % MMRd) showed ORR of 37.2 % and 63.6 % for MMRp 
and MMRd patients, respectively. The mPFS in the MMRp and MMRd 
groups was 7.4 and 18.9 months. Of note, a reduced lenvatinib dose (14 
mg) showed similar efficacy. 

The phase III KEYNOTE 775/Study 309 compared pembrolizumab 
and lenvatinib versus chemotherapy in patients with advanced EC, who 
had undergone at least one prior platinum-based chemotherapy. The 
combination demonstrated a significant increased mPFS (7.2 vs. 3.8 
months) and mOS (18.3 vs. 11.4 months) in the all-comer population. 
The benefits were also observed in the MMRp group, with a mPFS of 6.6 
months and mOS of 17.4 months. The phase III LEAP-001 study 
compared the combination of lenvatinib and pembrolizumab versus 
standard chemotherapy as first-line treatment in advanced/recurrent 
EC. This association did not improve PFS or OS sufficiently to meet the 
endpoints [51]. 

In 2021, FDA approved lenvatinib + pembrolizumab in MMRp 
metastatic EC only, after prior systemic therapy. On the other hand, 
EMA has also granted approval for the combination regardless of MMR 
status. 

HER2/EGF receptors 
EGFR overexpression has been detected in 50–80 % of EC patients, 

correlating with adverse clinical prognosis. Cetuximab (monoclonal 
antibody specifically directed against EGFR), lapatinib (dual reversible 
TKI of EGFR and HER2), gefitinib and erlotinib (EGFR TKIs) have shown 
good tolerance but limited clinical benefit when used as monotherapy in 
advanced/recurrent EC [52–55]. 

HER2 is a transmembrane receptor belonging to the EGFR family, 
playing a crucial role in regulating tumor cell proliferation, differenti-
ation, and apoptosis; it is also linked to advanced stages [56]. 

A phase II trial (NCT01367002) combining chemotherapy and tras-
tuzumab significantly improved PFS (12.9 vs. 8.0 months) and OS (29.6 
vs. 24.4 months) compared to chemotherapy alone in advanced/recur-
rent HER2-positive serous EC [57]. Trastuzumab deruxtecan (T-DXd), 
an antibody-drug conjugate (ADC) selectively targets HER2, inducing 
cell death through topoisomerase I inhibition, with potent cytotoxic 
effects on neighboring cells regardless of HER2 expression [58]. In the 
phase II STATICE study, T-DXd showed promising efficacy in HER2- 
expressing uterine carcinosarcoma patients who received prior stan-
dard chemotherapy. The ORRs were 54.5 % and 70.0 % in the HER2- 
high and HER2-low groups, respectively, and mPFS of 6.2 and 6.7 
months. In the phase II DESTINY-PanTumor02 (NCT04482309) trial, 
preliminary results have shown a particularly high response rate of 57.5 
% in EC (84.6 % in HER2 3 + and 47.1 % in HER2 2 +) [59]. 

Trastuzumab duocarmazine is a novel ADC targeting HER2 
combining trastuzumab with duocarmazine, a DNA alkylating agent. In 
a dose-expansion phase I study, 13 patients with EC were included. 
Among them, five exhibited a PR (39 %) with a PFS of 4.3 months [60]. 
Several phase I-II trials are currently underway to assess its efficacy in 
advanced/recurrent EC and/or solid tumors (NCT04205630 and 
NCT04235101). A phase I trial is also ongoing to investigate the com-
bination of trastuzumab duocarmazine with niraparib in HER2-positive 
solid tumors (NCT04235101). DB-1303, an ADC combining an anti- 
HER2 antibody with a DNA topoisomerase I inhibitor, is currently 
being evaluated, notably in EC, within a phase I/IIa study. 

Signaling pathways 

PI3K/AKT/mTOR 
Loss of Phosphatase and Tensin Homolog (PTEN) and activation of 

PIK3CA are the most common alterations in EC, leading to constant AKT 
activation and mammalian target of rapamycin (mTOR) overexpression, 
promoting cell proliferation, survival, and tumor progression. Targeting 
the three pivotal components, mTOR, AKT, and PI3K, either individually 
or through combined inhibition, is promising [61] (Table 5). 

Inhibitors targeting the PI3K/AKT/mTOR signaling pathway were 
initially tested as monotherapy in recurrent/metastatic EC. 

PIK3CA (pilaralisib, apitolisib, and BKM120) [62–64], AKT 
(MK2206) [65], and mTOR (ridaforolimus and sapanisertib) inhibitors 
[66–68] did not achieve their objectives, either due to limited antitumor 
activity or to an unmanageable toxicity profile. Only everolimus, an oral 
rapamycin analog, showed promising results in phase II studies [69], 
attributable to its selectivity for mTORC1 and low affinity for mTORC2, 
resulting in fewer adverse effects, a higher tolerable dose, and extended 
treatment duration. 

Dual inhibitors (LY3023414 and gedatolisib) [70,71] target the 
signaling pathway at two levels, upstream (PI3K) and downstream 
(mTOR), but exhibited modest effects with a manageable safety profile 
in phase II trials. 

Subsequently, these inhibitors have been tested in combination with 
other treatments. 

The mTOR pathway plays a role in regulating angiogenesis by 
upregulating hypoxic stress response genes such as VEGF. However, the 
combination of bevacizumab and temsirolimus (mTOR inhibitor) re-
ported modest efficacy and significant toxicity [72]. 

Overactivation of the mTOR pathway can induce tumor cell resis-
tance to HT [73]. Two studies investigated the effect of MA with or 
without tamoxifen in combination with temsirolimus and AKT inhibitor 
(ipatasertib). Both were discontinued due to safety concerns. The com-
bination of everolimus, letrozole, and metformin (antidiabetic agent 
with mTOR inhibitory activity) showed significant clinical benefit (50 
%) and ORR (28 %) in women with advanced/recurrent EC [74,75]. 

There is a crosstalk between the mTOR and Ras/MEK/ERK signaling 
pathways that allows compensation for the inactivation of one pathway 
by the activation of the other [76]. The combination of AKT (uprosertib) 
and MEK (trametinib) inhibitors showed low clinical activity at tolerable 
doses [77]. 

In vitro studies suggest PI3K inhibition may sensitize PTEN mutated 
cells to PARPi. Ongoing trials in recurrent EC explore the combination of 
AKT inhibitors (vistusertib or capivasertib) with PARPi (olaparib), but 
also another PARPi (niraparib) with a PIK3CA inhibitor (copanlisib) in 
[78]. 

A phase III study evaluating the efficacy of the chemotherapy/met-
formin combination is currently ongoing. 

KRAS (mutations in 10–30 % of EC) 
KRAS mutations are found close to areas of endometrial hyperplasia, 

suggesting their role in early tumorigenesis/progression [79]. 
CodeBreaK 101 (NCT04185883) is an ongoing phase Ib/II study 

evaluating safety and efficacy of sotorasib (KRAS p.G12C covalent in-
hibitor) in monotherapy or combination with other antitumoral thera-
pies in advanced solid tumors harboring this KRAS mutation. Sotorasib 
has demonstrated encouraging results in a heavily pretreated population 
with two EC patients included [80] (Table 5). 

NCT01935934 is a single-arm trial testing cabozantinib, a multiple 
TKI (VEGFR2, c-MET, and RET), in 102 women with pretreated recur-
rent/metastatic EC. In the endometrioid/serous cohorts, the ORR, 12- 
week PFS, and mPFS were 14/12 %, 67/56 %, and 4.8/4 months, 
respectively. The benefits increased in patients with concurrent KRAS 
and PTEN or PIK3CA mutations (ORR of 25 % and 12-week PFS of 83 %) 
[81] (Table5). 
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Synthetic lethality 

Tumor progression is generally influenced by DNA damage that can 
be generated by endogenous and exogenous factors. Cells possess mul-
tiple DNA repair mechanisms that can be compromised in tumor cells. 

Increasingly, cancer therapies are being developed based on the prin-
ciple of synthetic lethality, where the combination of two genetic al-
terations, typically tolerable individually, becomes lethal for the cell 
when both alterations occur simultaneously [i.e: use of PARPi in Ho-
mologous Recombination Deficiency (HRD) tumor] (Table 5). 

Table 5 
Clinical trials of signaling pathway and synthetic lethality targeting agents.  

PFS, progression-free survival; mFU, median follow-up; mPFS, median progression-free survival; PFS6, progression-free survival at 6 months; mOS, median overall 
survival; MA, megestrol acetate; ORR, overall response rate; CT, chemotherapy. In red, phase II trial; in yellow, phase I. 
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HRD 
HRD is a defect in the DNA repair process which causes a high degree 

of genomic instability. HR repair uses the complementary DNA strands 
of the nearby sister chromatid to repair double-strand breaks with high 
fidelity [82]. UTOLA is a phase IIb, randomized, double-blind trial 
which assessed the efficacy of olaparib or placebo as maintenance 
therapy after platinum-based chemotherapy in 147 patients with 
advanced/recurrent EC. In the HRD-positive tumors (52 %), mPFS was 
statistically higher with olaparib: 5.4 vs. 3.6 months with placebo (HR: 
0.59, p = 0.02) regardless of p53 status. For the 46 patients with CR to 
previous chemotherapy, mPFS reached 8.8 months in the olaparib vs. 
3.8 months in the placebo arms. 

AT rich interactive domain 1A (ARID1A) (mutations in 46 % of EC) 
ARID1A gene encodes the BAF250a protein, a subunit of the SWItch/ 

Sucrose Non Fermentable protein complex involved in chromatin 
structure modification and gene expression regulation [83,84]. 

Despite the observed synthetic lethality between dasatinib (targeting 
signaling pathways such as c-kit, Bcr-Abl, src, and PDGFR) and ARID1A 
mutations in ovarian clear cell carcinomas (CCC), dasatinib mono-
therapy has failed to demonstrate efficacy in the treatment of ARID1A- 
mutant ovarian and endometrial CCC [85]. 

Recent studies have shown that ARID1A is implicated in DNA repair 
via HR. Inhibition of key players such as EZH2, PARP, ATR and cell cycle 
modulators is being explored as potential innovative options [86]. 

Hence, clinical studies assessing the efficacy of rucaparib (PARPi), in 
combination with bevacizumab, has exhibited clinical benefit for cancer 
patients with ARID1A mutations [87]. Another ongoing phase II trial is 
investigating the efficacy of niraparib alone or combined with bev-
acizumab in recurrent EC and/or ovarian cancer carrying ARID1A mu-
tations (NCT05523440). 

The phase II ATARI study evaluated the efficacy and tolerability of 
ceralasertib, an ATR inhibitor, in patients with CCC (endometrial and 
ovarian). Grade 3 + toxicities were reported in approximately 45 % of 
patients but leading to treatment discontinuation in less than 10 %. 
Preliminary results demonstrated a relevant efficacy of ceralasertib 
regardless of ARID1A status [88]. A phase 1b study (NCT05950464) is 
underway to assess the safety and optimal dosage of tuvusertib, an ATR- 
related inhibitor (M1774), in combination with the bromo- and extra- 
terminal domain (BET) inhibitor (ZEN00-3694). 

PTEN 
PTEN plays a role in DNA repair by interacting with proteins like 

ATM, BRCA1, and Rad51, ensuring genome integrity. Understanding its 
DNA repair function has prompted research into PARPi for PTEN loss 
tumors. However, several phases Ib-II trials testing PARPis and ICI 
combinations failed to meet their efficacy threshold [89,90]. 

In contrast, the phase I/II ENDOLA trial evaluating the triple com-
bination of olaparib, metronomic cyclophosphamide, and metformin 
exhibited a safety profile and demonstrated a non-progression rate of 
61.5 % at 10 weeks and a mPFS of 5.1 months [91]. 

While there is currently limited retrospective data available for EC, 
and rigorous patient selection criteria in clinical studies remain imper-
ative, synthetic lethality emerges as a promising approach. Its expanding 
investigation across various malignancies, including breast, ovarian, 
and prostate cancers, underscores its potential. Notably, its selective 
mechanism offers the advantage of mitigating adverse effects, while its 
combinatory potential with adjunctive therapies presents a strategy to 
circumvent resistance mechanisms. 

Metabolism pathways 

Tryptophan catabolism (increased expression of IDO1, decreased 
levels of tryptophan, and tryptophan metabolites) exerts an immuno-
suppressive effect. Three enzymes IDO1, IDO2, and tryptophan 2,3-diox-
ygenase (TDO)—are involved in the degradation of tryptophan into 

downstream metabolites [92]. 
Thus, IDO1 represents an attractive target in solid tumors. A phase I/ 

II trial (ECHO-202/KEYNOTE-037, NCT02178722) investigated tolera-
bility and efficacy of pembrolizumab and epacadostat—an IDO1 inhib-
itor—in selected advanced cancers, including EC. Preliminary results 
indicated encouraging antitumor activity [93]. Another phase II trial 
(NCT04106414) evaluated the benefits of nivolumab with or without 
linrodostat, another IDO1 inhibitor, but the trial was closed due to fu-
tility [94]. Finally, in the PODIUM-204 trial, as previously mentioned, 
the efficacy of retifanlimab is being assessed in combination with epa-
cadostat [10]. 

Folate (vitamin B9) plays an essential role in cellular metabolism and 
proliferation. Inhibition of its receptor, the folate receptor (FRα), is an 
increasingly studied approach in oncology. Many cancers overexpress 
FRα, including EC (40–90 % overexpression) [95]. A phase I/II study is 
underway to evaluate the effectiveness of the anti-FRα rinatabart sesu-
tecan, coupled with a topoisomerase 1 inhibitor, in patients with locally 
advanced and/or metastatic solid tumors. Of the 10 patients already 
included, two had EC [96]. Mirvetuximab soravtansine (MIRV), an 
innovative ADC targeting FRα coupled with DM4 (a potent derivative of 
Maytansine with anti-microtubule activity), could be a promising ther-
apeutic option [97]. Preclinical evidence has shown that MIRV can 
induce infiltration of T cells within the tumor, thereby enhancing the 
effectiveness of immunotherapy. A single-arm trial is investigating the 
combination of MIRV and pembrolizumab with promising results (6.3 % 
CR and 31.3 % PR). 

Conclusion 

In the past, patients with advanced/recurrent EC faced limited 
therapeutic options. The emergence of targeted therapies, HT and im-
munotherapies indicates significant progresses. 

Numerous targeted therapies have been tested in EC, providing a 
comprehensive catalog of molecules to use according to ProMisE sub-
groups or tumor protein expression patterns. Precise patient selection 
based on the molecular profile of the tumor is a crucial element for 
optimizing the clinical efficacy of treatments, reducing side effects and 
sample heterogeneity. Clinical studies have failed to meet their objec-
tives due to inadequate patient selection as well as the polyclonal nature 
of tumors, resulting in resistance and compensatory mechanisms. To 
counteract this, an increasing number of studies are now opting to 
combine multiple treatments. 

Among the clinical trials, several promising therapies distinguish 
themselves due to their efficacy. MMRd tumors respond significantly to 
immunotherapy. Pooled data from the 4 studies (RUBY, DUO-E, 
AtTEND, and NRG-GY018) involving 2320 patients confirm a signifi-
cant improvement in survival outcomes when immunotherapy is com-
bined with chemotherapy in first-line treatments. The MMRd subgroup 
exhibits a pronounced PFS benefits (n = 560; HR 0.33), but it is also 
evident in the MMRp group (n = 1757; HR 0.74) [98]. The addition of 
PARPi to immunotherapy and chemotherapy showed significant benefit 
in the all-comer population, raising the question of its role in MMRp 
population. This group is highly heterogeneous; thus, it would be 
interesting to analyze and determine whether a particular subgroup 
stands out and responds effectively to immunotherapy. Other questions, 
including who are the 10 % of patients progressing during chemo-
therapy + immunotherapy, who are the 30–40 % of patients progressing 
within 12 months even in MMRd population but also the optimal 
duration of immunotherapy, remain unanswered. 

In summary, a comprehensive understanding of the molecular pat-
terns of origin, relapse, and resistance of EC is expected to lead to 
personalized treatment. The ProMisE classification supports the use of 
immunotherapy monotherapy (MMRd), immunotherapy in combination 
with PARPi (MMRp/p53abn), treatment de-escalation (POLEmut), 
selinexor (p53wt) and combination of hormonal therapy and CDK4/6 
inhibitors (NSMP tumors with hormonal receptors). The MMRp 
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population is heterogeneous and further histological and molecular 
analyses will enable tumor characterization and specific targeting, 
either as monotherapy or in combination with other treatments. 

EC is also characterized by a high TMB, and therefore, an altered 
protein expression profile. Protein overexpression could be an inter-
esting target for the use of ADC as trastuzumab deruxtecan (HER2). New 
ADCs are currently being tested in EC, such as in IMMU-132 or MK- 
2870–005 studies, which evaluate the efficacy of sacituzumab govite-
can, an anti-Trop-2 ADC conjugated to SN-38, the active metabolite of 
irinotecan. 
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