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ABSTRACT

This extensive review summarizes clinical evidence on immunotherapy and targeted 
therapy currently available for endometrial cancer (EC) and reports the results of the clinical 
trials and ongoing studies. The research was carried out collecting preclinical and clinical 
findings using keywords such as immune environment, tumor infiltrating lymphocytes, 
programmed death-1 (PD-1)/programmed death-ligand 1 (PD-L1) expression, immune 
checkpoint inhibitors, anti-PD-1/PD-L1 antibodies and others' on PubMed. Finally, we looked 
for the ongoing immunotherapy trials on ClinicalTrials.gov. EC is the fourth most common 
malignancy in women in developed countries. Despite medical and surgical treatments, 
survival has not improved in the last decade and death rates have increased for uterine cancer 
in women. Therefore, identification of clinically significant prognostic risk factors and 
formulation of new rational therapeutic regimens have great significance for enhancing the 
survival rate and improving the outcome in patients with advanced or metastatic disease. 
The identification of genetic alterations, including somatic mutations and microsatellite 
instability, and the definition of intracellular signaling pathways alterations that have a 
major role in in tumorigenesis is leading to the development of new therapeutic options for 
immunotherapy and targeted therapy.

Keywords: Endometrial Cancer; Immunotherapy; Biological Therapy;  
Molecular Targeted Therapy

INTRODUCTION

Endometrial cancer (EC) is the fourth most common malignancy in women and the 
most common gynecologic cancer in developed countries, with an overall incidence of 
7% and 63,230 estimated new cases in the United States in 2018 [1]. The most important 
risk factors are all related to an unbalanced increase of circulating estrogen as early 
menarche, late menopause, obesity, exposure to tamoxifen and nulliparity [2]. Most ECs 
are sporadic but 2%–5% of cases are familial, featuring specific germline mutations in the 
mismatch repair genes [3]. As in other types of cancer, genetic evaluation has acquired 
an increasingly important role in EC. In recent years, the definition of different cluster 
of genetic mutations and polymorphisms, the study of intracellular signaling pathways 
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alterations in tumorigenesis and of tumor microenvironment, as well as the identification 
of important molecules for the control of tumor growth have led to the development of a 
number of potential strategies for targeted treatment. In this review, we will describe the 
immunotherapeutic options currently available for EC and report the results of the clinical 
trials and ongoing studies on targeted therapy.

BIOLOGICAL AND GENETIC BACKGROUND

According to Bokhman's model [4], EC has classically been divided in two subgroups: Type I, 
which includes the most common endometrioid cancer (60%–70% of cases), with a grading 
between 1 and 2, with high expression of hormonal receptors; and Type II, including high 
grade endometrioid cancer and other histological types like serous or clear cell carcinoma, 
generally negative for hormone receptors and with a worse prognosis.

The most frequent mutations in Type I involve PTENPIK3/AKT/mammalian target of 
rapamycin (mTOR) pathway (PTEN being mutated in 52%–78% of lesions), followed by 
KRAS mutations (15%–43%), ARID1A and Β-catenin alterations. One third of Type I EC 
also feature microsatellite instability (MSI), while TP53 is mutated in most of subtype II 
tumors [5].

In 2013 The Cancer Genome Atlas (TCGA) Research Network [6] suggested an integrated 
genomic classification of EC:

• �Polymerase-ε (POLE) ultramutated, characterized by hotspot mutations of a catalytic 
subunit of DNA polymerase epsilon involved in nuclear DNA replication and repair, 
identified in 10% of endometrioid subtype.

• �Microsatellite instability hypermutated (MSI-H), with high mutation rate related to 
alteration of MLH1, MSH2, MSH6, PMS2 genes involved in the mismatch repair system, 
both in sporadic and hereditary EC.

• �Copy-number low, with low mutation rates, which include most endometrioid tumors 
and are frequently associated with mutations in PTEN, CTNNB1, PIK3CA, ARID1A and 
KRAS. This subtype seems to have similar pathogenesis as colo-rectal tumors.

• �Copy-number high, including serous tumors and 25% of high-grade endometrioid 
tumors, characterized by extensive copy number variation and low mutation rate, 
frequent mutation of TP53, low estrogen and progesterone receptor expression. This 
subgroup shares the same features as basal-like breast cancer and serous ovarian 
carcinoma.

This genomic characterization allowed a reclassification of EC and may have impact on 
prognosis and guide treatment decisions. Unfortunately, genome sequencing methods used 
for the TCGA study are unsuitable for wider clinical application.

More recently, clinically applicable methodologies, which are less complex and expensive, 
have been applied to identify the same molecular subgroups. These novel approaches are 
based on next-generation sequencing (NGS) methods and investigate key epitopes evaluable 
by relatively simple molecular methods, adding prognostic information and directly 
impacting clinical management [7,8].
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IMMUNOTHERAPEUTIC OPTIONS

Physiologically, endometrial immune system has unique characteristics, as its role is double: 
on one hand it should protect from infections and sexually transmitted pathogens, but on the 
other hand it should allow implantation of an allogenic embryo. To accomplish these tasks, 
endometrial microenvironment is influenced by sex hormones through menstrual cycle.

Immunotherapy basically consists in stimulating the endogenous immune response specifically 
against tumor cells and seems the new frontier of the anticancer treatment. Several compounds 
targeting different biological pathway are available. Some of these agents are already approved 
for treatment of non-gynecological malignancies like lung cancer and melanoma and could play 
a major role in treatment of EC as well. These therapies have been classified as active and passive 
therapy: the first consists in a stimulation of the host's own immune system against cancer cells, 
while the latter is based on administration of exogenously produced or manipulated immune 
system components promoting an anti-tumor immune response [9] (Fig. 1).

1. Anti-cancer vaccines
Therapeutic vaccination is considered a form of active immunotherapy that induce a cell-
mediated immune response against tumor-associated antigens.

Peptide and protein-based vaccines contain manipulated tumor-associated antigens which 
are directly processed by dendritic cells to stimulate a CD8+ and CD4+ T cell mediated 
response. Whole cell vaccines include tumor cell-based and dendritic cell based: the first 
consist of inactivated tumor cells which induce a in vivo immune response, while the latter 
are made of dendritic cells which have been activated with tumor-associated antigens and 
can directly stimulate a cell-mediated immune response. Viral vector and nucleic acid-based 
vaccines have been found to trigger specific humoral and cellular immune responses [10].

As for EC, data concerning therapeutic vaccination are limited. Ohno et al. [11] evaluated 
the safety and tolerability of a Wilms' Tumor 1 (WT1) peptide vaccine in 12 patients with 
recurrent or progressive gynecologic cancers resistant to standard therapy in a phase II trial. 
Although the disease control rate in the initial 3 months was 25.0%, the only subject with 
uterine adenocarcinoma had disease progression after 3 months.

Coosemans et al. [12] studied six pre-treated patients with uterine cancer who received 
four weekly vaccines of autologous dendritic cells loaded with WT1 mRNA. Three out of 
four patients who were human leucocyte antigen (HLA)-A2-positive showed an oncological 
response after four injections, while two HLA-A2-negative patients had neither oncological 
nor immunological response.

Jäger et al. [13] analyzed serological and clinical responses of 36 patients with different 
tumors who received recombinant vaccinia NY-ESO-1 and a viral-based vaccine containing 
NY-ESO-1. The only patient affected by endometrial carcinoma showed immunological 
response after four vaccinations, but had clinical progression disease.

In a phase I trial, Kaumaya et al. [14] studied a dose escalating protocol with a combination 
vaccine of two chimeric, B-cell epitopes derived from the human epidermal growth factor receptor 
2 (HER2) extracellular domain with a promiscuous T cell epitope in 24 oncological patients with 
metastatic disease. In the two patients affected by EC, one showed a clinical partial response.
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2. Immune checkpoints blockade
In order to escape from the immune system, EC cells are able to stimulate immune 
checkpoints (inhibitory pathways that down-regulate T cells activation), activating negative 
feedback mechanisms and creating a locally immunosuppressed environment.
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1) Targeting programmed death-ligand 1 (PD-L1)
EC cells have the ability to activate programmed death-1 (PD-1) signaling, by overexpressing 
PD-L1 and PDL-2, which can bind PD-1 receptors, expressed on tumor-infiltrating CD4 and 
CD8 T cells and inactivate them in the tumor microenvironment. EC cells overexpress PD-1 
(present in 75% of cases) and PD-L1 (in 25%–100% of cases) the most among gynecological 
cancer. For this reason, targeting this pathway seems a promising strategy to enhance 
antitumor immune response [15].

Pembrolizumab, a humanized monoclonal antibody that targets PD-1, was proven clinically 
effective in tumors with mismatch-repair deficiency for the first time in a phase II study 
published in 2015 by Le et al. [16].

In 2017 results of KEYNOTE-028 (NCT02054806), a phase Ib trial investigating the effect of 
pembrolizumab in advanced EC patients, were published. In this study a small cohort of 24 
patients with advanced or metastatic, PD-L1 positive EC progressing after standard therapy, 
was treated with intravenous pembrolizumab 10 mg/kg every 2 weeks up to 24 months or until 
disease progression or intolerable toxicity. Partial response was achieved in 3 patients and 1 of 
them had POLE mutations. Stable disease (SD) was achieved in 2 patients. Overall response 
rate (ORR) was 13%. Six-months progression-free survival (PFS) and overall survival (OS) 
rates reported were 19.0% and 68.8%, respectively. As for toxicity, only mild adverse effects, 
including fatigue, pruritus, pyrexia and anorexia, were observed in 54.2% of patients [17].

In a recent phase Ib/II trial [18], Pembrolizumab was used at the dosage of 200 mg 
intravenously every 3 weeks in combination with Lenvatinib, a multikinase-inhibitor with 
antiangiogenic activity, at the dosage of 20 mg/day orally, in 23 patients with metastatic EC in 
progression after conventional chemotherapy. An ORR of 48% was reported, while adverse 
effects were mild and manageable [18].

In 2016, Mehnert et al. [19] reported a case of a 53-years old woman with International 
Federation of Gynecology and Obstetrics (FIGO) high grade metastatic endometrioid type 
endometrial adenocarcinoma who was treated with pembrolizumab 10 mg/kg every 2 weeks 
with almost immediate clinical benefit and partial response after 8 weeks of treatment. 
Adverse effects were only mild grade and the therapy was well tolerated. Both the primary 
tumor and metastatic lymph nodes were tested for genomic profiling and both samples 
resulted POLE-mutated. In the TCGA data set [6], POLE-mutant cancers have higher 
expression of immune checkpoint-related proteins, including PD-L1 and PD-L2, CD8A, PD-1, 
and cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4). These results suggest that this 
subset of tumors may be particularly responsive to immunotherapy.

Similarly, anti-PD-1 monoclonal antibody Nivolumab was reported effective in two cases of 
recurrent POLE ultra-mutated and MSH6 hyper-mutated endometrial carcinoma refractory 
to conventional surgical and chemotherapeutic treatments [20]. In these patients Nivolumab 
was administrated in monotherapy intravenously at the dosage of 3 mg/kg biweekly, and a 
significant clinical response was observed in both cases after a few months.

Antibodies against PD-L1 were also tested for the treatment of endometrial carcinoma. Fleming 
et al. [21] reported the results of a phase I clinical trial in which Atezolizumab, an anti-PD-L1 
antibody, was tested in 15 women with advanced EC with microsatellite stability (MSS) and 
MSI unknown or MSI-H status. Patients received Atezolizumab 15 mg/m2 intravenously in 
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monotherapy every three weeks. The authors reported an ORR of 13%, a median PFS of 1.7 
months and a median OS of 9.6 months.

Anti PD-L1 antibody Avelumab was also tested in a recent phase II trial in which, up until 
now, 16 patients were enrolled and divided in two cohorts, one including ECs with MSI and/
or POLE mutations and one including ECs patients with MSS. Patients received Avelumab 10 
mg/kg as 1-hour IV infusion every 2 weeks until disease progression or unacceptable toxicity. 
This trial is still ongoing and preliminary results have not been published yet [22].

2) Targeting CTLA-4
CTLA-4 is expressed by regulatory T cells and serves as a negative immune regulator, as it 
binds competitively ligands B7.1 and B7.2 expressed on antigen-presenting cells, preventing 
its binding with stimulatory receptor CD28 and therefore inhibiting the activation of 
cytotoxic T lymphocytes. CTLA-4 predominately regulates T cell activation within secondary 
lymphoid organs [5].

Although the use of CTLA-4 inhibitors has a strong rationale in EC, clinical data about the 
efficacy of molecules like Ipilimumab and Tremelimumab, two anti-CTLA-4 monoclonal 
antibodies, have not been reported so far.

3. Adoptive cell transfer (ACT)
ACT indicates a reinfusion of allogenic or autologous lymphocytes (T cells) isolated through 
leukapheresis, activated and expanded in vitro, into cancer patients in order to induce tumor 
regression. Firstly, patients undergo lympho-depleting therapy to decrease cells of immune 
system and to activate cytokines [23]. This treatment does not induce immunological 
memory, but offers immediate and short-term protection. Several types of ACT therapies 
exist, including lymphokine-activated killer (LAK) cells, tumor-infiltrating lymphocytes 
(TILs), natural killer (NK) cells. LAK cells are leukocytes cultured with autologous peripheral 
blood mononuclear cells and IL-2, whereas TILs recognize HLAs. TILs have been used in 
melanomas in preclinical studies, but have shown limiting features for their application in 
clinical practice [24,25]. Subsequently, advances in T cells engineering and culturing have 
introduced T cell receptors (TCRs) and chimeric antigen receptors (CARs) that recognize a 
wide range of potential cellular targets, so the use of ACT was applied in a larger population 
of patients [23,24]. TCR derives from patients' lymphocytes transfected with a viral vector 
that carries TCR genes and may recognize antigens specifically derived from a tumor-reactive 
T cell clone [25]. CARs are modified membrane receptors, composed of an extracellular 
antibody single-chain variable fragment (scFv), a TCR-derived internal domain and one or 
more intracellular co-stimulatory domains. Although in ovarian cancer it is known that the 
presence of TILs is related to a more favorable outcome, as demonstrated in a metanalysis 
and in recent studies [26,27], ACT in the treatment of EC has not been investigated yet.

The earliest preclinical studies in EC involved the infusion of LAK cells with and without 
additional immuno-stimulatory components (IL-2, lentinan) [28,29]. This therapy 
produced growth retardation of tumor in nude mice. Steis et al. [30] investigated 
intraperitoneal adoptive transfer of LAK cells with IL-2 in a phase I trial that enrolled 12 
colorectal cancer patients, 10 ovarian cancer patients, and 1 EC patient with abdominal 
metastasis. Partial response was detected in thirty percent of patients, but no women 
with EC were included. Santin et al. [31] evaluated the infusion of peripheral blood T cells 
stimulated with tumor lysate-pulsed autologous dendritic cells in a 65-year-old patient 
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with advanced, chemoresistant EC. During treatment, a SD response was obtained through 
cytotoxic T cell response.

4. Bispecific T cell engager (BiTE) Antibodies
BiTE antibodies are novel molecules that induce a transient cytolytic synapsis between a 
cytotoxic T cell and the cancer target [32]. After this interaction, cytotoxic T cell contents are 
discharged, resulting in direct tumor cell lysis. At present Blinatumomab (BiTE for CD19 and 
CD3) is approved by Food and Drug Administration (FDA) for patients with acute lymphoblastic 
leukemia (ALL), based on a complete remission rate in a phase 2 clinical trial [32].

Preclinical studies have shown interesting results on uterine serous carcinoma (USC) cells 
that overexpress epithelial-cell-adhesion-molecule (EpCAM) treated with BiTE antibodies 
[9]. Bellone et al. [33] investigated the role of Solitomab, a novel bispecific single-chain 
antibody construct which targets EpCAM on tumor cells expressed in 87.5% of USC, tested by 
flow cytometry. They demonstrated that Solitomab induces robust immunologic responses 
in vitro resulting in increased T cell activation with production of cytokines, and direct killing 
of tumor cells. For this reason it could be in the future a novel, potentially effective agent for 
treatment of recurrent/metastatic and/or chemo-resistant USC overexpressing EpCAM.

GENOMIC INSTABILITY

Serous EC appears to share similar genetic background to serous ovarian carcinoma, including 
deficiency in DNA repair systems, providing a rationale for use of poly ADP-ribose polymerase 
(PARP) inhibitors in this malignancy as well. PARP is an enzyme that catalyzes the poly ADP-
ribosylation of proteins involved in DNA repair and has proven effective in treatment of ovarian 
cancers with homologous recombination deficiency and genomic instability due to somatic 
BRCA1 and BRCA2 mutations. Although PARP inhibitors have already demonstrated promising 
pre-clinical activity in EC [34], clinical trials data are not yet available.

Olaparib, an oral PARP inhibitor, proved to be clinically effective in a case of a 58 years old 
woman affected by metastatic endometrioid EC previously treated with surgery, adjuvant 
radiotherapy and several lines of chemotherapy. Olaparib was administrated orally at the 
dosage of 400 mg twice daily. After 10 weeks of treatment a significant reduction in the size 
of the brain metastases was observed, but unfortunately disease progression was observed 
after 8 months of therapy. Interestingly, genomic characterization of tumor biopsy showed 
absence of BRCA1 or BRCA2 mutations, but displayed loss of PTEN expression, suggesting 
that this alteration could be predictive of sensitivity to PARP inhibitors [35].

SUSTAINED PROLIFERATIVE SIGNALING

1. �Targeting cytoplasmic tyrosine kinases and phosphates-AKT/mTOR pathway
The mTOR is a serine/threonine kinase involved in intracellular pathways that regulate 
cellular growth and proliferation. Over-activation of mTOR signaling has a central role in the 
pathogenesis of many types of cancer, including endometrial tumors.

Oza et al. [36] studied in a phase II trial the activity of Temsirolimus, an inhibitor of mTOR, 
in two groups of chemotherapy naive or treated recurrent or metastatic EC patients. 
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Temsirolimus 25 mg was administrated intravenously weekly in monotherapy. In the 
chemotherapy naive group of 29 patients 14% had a partial response, 69% had SD and only 
18% had progressive disease, while in the chemotherapy-treated group of 25 patients 4% had 
a confirmed partial response, 48% had SD, and 48% had progressive disease.

Another mTOR inhibitor, everolimus, was reported to be effective in recurrent chemotherapy 
treated EC in a phase II trial [37]. It was administrated in a group of 28 patients at the dosage 
of 10 mg daily until disease progression or unbearable toxicity. Although no complete or 
partial responses was observed, 43% of patients had SD, with a median duration of 4.5 
months. The safety profile of everolimus was acceptable in the context of heavily pretreated 
patients with EC.

2. Targeting epidermal growth factor receptor (EGFR)
Members of the Type I receptor tyrosine kinase family which includes EGFR are frequently 
implicated in the occurrence and progression of a variety of tumors. High EGFR expression 
has been demonstrated in 43%–67% of patients with EC and positively correlates with 
the FIGO stage, differentiation degree, depth of myometrial invasion, and lymph node 
metastasis, and is associated to poor prognosis, low survival rate and shortened disease-free 
survival [38,39].

Selective inhibitors of the EGFR tyrosine kinase have showed concentration-dependent anti-
proliferative effects in EC cell lines in in vitro studies [39].

However, two phase II clinical trials using EGFR inhibitors in monotherapy showed low 
response rate (RR), suggesting that the tumor heterogeneity and molecular instability has 
to be tackle with multi targeted therapies [40,41]. The first one was a two-stage phase II 
study that aimed to evaluate activity of Erlotinib in monotherapy in 33 women with advanced 
EC and recurrent or metastatic disease who were chemotherapy naive and had received up 
to one line of prior hormonal therapy. Erlotinib was administered at daily dose of 150 mg. 
Treatment was well tolerated and severe toxicity infrequent, with the only grade 4 toxicity 
being an elevation of transaminases (AST). There were 4 confirmed partial responses (12.5%; 
95% confidence interval [CI]=3.5%–29%) lasting 2 to 36 months. Fifteen patients had SD, 
with median duration of 3.7 months and thirteen patients (40.6%) had PD on study [40]. 
The second study evaluated another selective inhibitor of EGFR tyrosine kinase activity, 
Gefitinib in a multicenter phase II open-label trial on 26 patients with recurrent or persistent 
EC from 16 participating institutions across the United States. Enrolled women were treated 
with 500 mg oral Gefitinib daily until progression or severe toxicity, with PFS at six months 
as the primary endpoint. Four patients experienced PFS ≥6 months, and one had a complete 
response which was not associated with an EGFR mutation [41].

In line with these findings, there are two ongoing trials of ado-trastuzumab emtasine and 
afatinib (irreversible EGFR, HER 2 and HER4 inhibitors) that are currently accruing patients 
with EC and HER2-amplified or mutant cancers (NCT02675829 and NCT02491099).

3. Targeting mitogen-activated protein kinase kinase (MEK)
Among the patterns which play an essential role in cell survival, proliferation, and 
differentiation, MEK is a critical kinase in the mitogen-activated protein (MAP) kinase 
signal transduction pathway for many growth factor receptors that provide growth signals 
to cancer cells, including epidermal growth factor (EGF) receptor, insulin-like growth 
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factor (IGF)-1 receptor and platelet-derived growth factor (PDGF) receptor. A phase II 
evaluation of selumetinib (AZD6244, ARRY-142886), a selective MEK-1/2 inhibitor in 
the treatment of recurrent or persistent EC has shown very promising results [42]. In 
this single arm, open label study, Coleman et al. [42] evaluated response and 6-month 
event-free survival (EFS) as primary endpoints in 54 patients with recurrent EC. They 
demonstrated that selumetinib is well tolerated in patients with recurrent or persistent 
measurable epithelial EC, but has limited single-agent activity and did not meet their pre-
specified efficacy parameters.

In line with the TGCA findings [6], which report frequent alternations in MAPK, 
phosphatidylinositol-3 kinase (PI3K) and beta-catenin pathways in EC subtypes, Aslan et 
al. [43] profiled 13 EC cell lines for their PI3K pathway and KRAS mutational and PTEN 
protein status and treated them with one MEK- and two PI3K-targeted inhibitors alone and 
in combination. Their results showed that PTEN protein loss and the absence of any tested 
pathway mutations are dominant negative predictors of sensitivity to MEK inhibition. KRAS-
mutated cells were most sensitive to MEK inhibition, but significantly more resistant to PI3K 
inhibition than KRAS-wild-type cell lines. These in vitro data suggested that inhibition of 
MEK with cobimetinib alone or in combination with PI3K inhibitors (pictilisib and apitolisib) 
could be a promising treatment modality, not just for EC patients with mutated KRAS, but 
also for those with retained PTEN expression.

4. Targeting focal adhesion kinase (FAK)
PTEN mutation has found to be attractive also for its role in dephosphorylating FAK. FAK 
is a non-receptor protein tyrosine kinase that is overexpressed in many types of human 
cancer cells, portending a poor prognosis and decreased survival duration. Previous studies 
demonstrated a role for FAK in tumor angiogenesis, migration, invasion and metastasis. 
In fact, since 2015 in vitro and in vivo studies showed that FAK inhibition is most effective 
in treatment of PTEN-mutated EC, suggesting PTEN as a feasible biomarker for predicting 
tumoral response to this treatment [44].

5. Targeting IGF
Many studies focus on the role of the IGF and sex hormone axes in endometrial physiology 
[45,46]; in the most of them appear clear that these pathways are considerably dysregulated 
in diabetes as well as in EC development [47,48].

The IGFs (IGF-I, IGF-II) are a family of binding proteins involved in growth, resistance to 
apoptosis, and differentiation of cells [49].

Cyclic changes in IGF-I expression play a pivotal role in regulating the transition of 
premenopausal endometrium through the proliferative, secretory, and menstrual phases of 
the uterus cycle [50,51].

Even if the biological mechanisms of the connection between EC and diabetes is not well 
known, many epidemiological studies have demonstrated a correlation between activation of 
IGF axis components, serum IGF-I and insulin values and EC risk [50-55].

The insulin-like growth factor receptor I (IGF1R) signaling pathway starts with binding of IGF-I 
to its cell-surface receptor IGF1R. This link is able to activate PI3K/Akt signaling pathway, to 
stimulate cell growth and proliferation, and to inhibit programmed cell death [56].
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Insulin receptor and insulin-like growth factor receptor (IGF-IR) are tyrosine kinase receptors 
with more than 50% structural homology. Both of them are covalent dimers composed of 
two transmembrane β-subunits enclosing tyrosine kinase domains and two extracellular 
α-subunits containing ligand binding sites. The two receptors have different biological 
effects; in fact, while insulin receptor activation has essentially metabolic effects, IGF-IR 
signaling has mainly mitogenic effects. Although may occur some interaction, insulin exerts 
its effect mostly through IR, and IGFs bind to IGF-IR with high affinity and bind to IR with 
much lower affinity (<1%) [56].

Both insulin and IGF-1 are known factors that promote cell growth, thus, decreasing insulin 
would have a negative effect on cell proliferation.

Metformin is one of the most widely prescribed oral hypoglycemic agents used to treat type 
2 diabetes. This molecule seems to have both a direct and indirect effects on cell growth and 
metabolism. In the direct model, metformin activates AMPK, which induces phosphorylation 
of tuberous sclerosis 2 protein. As a result, mTOR signaling and ultimately cell growth are 
inhibited. Metformin can exert its effect indirectly by increasing insulin sensitivity and uptake 
of glucose in the cell, and by decreasing consequently circulating levels of insulin [57].

Both diabetes and insulin resistance are risk factors for EC; these evidences are confirmed by 
many studies [58,59]. Preclinical data have demonstrated that increasing doses of metformin 
were associated with a decrease in cell proliferation in several EC cell lines [60,61].

Based on these data, Soliman et al. [57] supposed that treatment with oral metformin would 
decrease EC cell growth by activation of AMPK and inhibition of mTOR.

In this prospective trial, newly diagnosed EC patients underwent pre-treatment blood draw 
and endometrial biopsy, were administered oral metformin 850 mg daily for ≥7 days, and 
underwent post-treatment blood draw and definitive surgery. Serum levels of IGF-1, omentin, 
insulin, C-peptide, and leptin significantly decreased between pre- and post-treatment 
samples and phosphorylation of AKT and MAPK were significantly decreased in EC cells after 
oral metformin. These results suggest that metformin may be of benefit in the treatment of 
EC. Although the data supporting a potential main role of metformin in the treatment of EC, 
it is unclear at this point if there is an impact on OS [62].

Ongoing clinical trials will help determine the appropriate role for metformin in the 
treatment of women with EC.

In this panorama also other new molecules have aroused interest.

Attias-Geva et al. [63] investigated Cixutumumab (IMC-A12), a fully human antibody that 
binds to the IGF-IR with high affinity and inhibits IGF-I- and IGF-II-stimulated proliferation 
in different cell types and xenograft tumor models with very high efficiency and specificity.

Their results demonstrated that cixutumumab was able to block the IGF-I-induced 
autophosphorylation of the IGF-IR and the PI3K and MAPK downstream signaling pathways 
were also inactivated in part of the cell lines. Furthermore prolonged (24 hours and 48 hours) 
exposures to cixutumumab reduced IGF-IR expression, by mediating IGF-IR internalization 
and degradation.
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They evaluated also apoptotic effect; results obtained showed that cixutumumab increased 
caspase-3 and PARP cleavage, two markers of apoptosis.

In summary, in a cell line model of EC cixutumumab was able to bind specifically and cause 
internalization of IGF-IR and subsequently to inhibit the cell proliferation IGF-I induced. 
Taken together, these results suggest that cixutumumab might be a promising anticancer 
therapeutic strategy in EC.

Attias-Geva et al. [55] focused on the anti-proliferative potential of NVP-AEW541 as a 
targeted therapy approach against the IGF-IR in Type I and Type II ECs. NVPAEW541 is a 
pyrrolo (2,3-d) pyrimidine derivative with specific IGF-IR tyrosine kinase inhibitory activity. 
NVP-AEW541 has been shown to void IGF-I-induced IGF-IR autophosphorylation and to 
decrease activation of the IGF-IR signaling pathways. These data suggest that NVP-AEW541 
may be of benefit in the treatment of EC.

Metformin was shown to reduce proliferation in a preoperative study in obese patients 
with EC with a mean reduction in Ki-67 of 11.75%. A total of 65% of patients responded to 
metformin as defined by a decrease in Ki-67 staining [64]. A randomized placebo-controlled 
phase II/III trial is ongoing to assess the interest to combine metformin to paclitaxel/
carboplatin advanced EC (NCT02065687).

6. Targeting folate receptor
Novel target therapy for EC involves also folate, also known as vitamin B9, as a molecule 
highly needed by rapidly proliferating cells. Folate receptor α (FRα), whose main task is 
to transfer folate vitamin through the cell membrane, is known to be extremely needed by 
the cells of malignancies that proliferate rapidly, while is present in limited amounts in 
normal tissues [65]. FRα expression is associated with high-grade, advanced-stage EC and 
a poor prognosis, particularly in serous-type tumors [66], thus representing an innovative 
candidate for targeted therapeutic strategies in advanced EC. Mirvetuximab soravtansine is 
an antibody-drug conjugate (ADC) comprised of an FRα- binding antibody, cleavable linker, 
and the maytansinoid DM4, a potent tubulin-targeting agent. A phase 1 expansion study of 
mirvetuximab soravtansine in patients with EC is currently ongoing (NCT02606305) [67].

ANGIOGENESIS

Angiogenesis is one of the cardinal processes leading to invasion and metastasis in solid 
tumors. Vascular endothelial growth factor (VEGF), an endothelial cell-specific mitogen 
specifically acting on vascular endothelial cells and promoting their proliferation, is the 
strongest currently known growth factor that acts directly on vascular endothelial cells and 
plays a pivotal role in progression, invasion and metastasis in EC [38].

Several groups of study tested angiogenetic therapies targeting VEGF [68-72]. One of the 
first trials was proposed in 2011 by Aghajanian et al. [67], who conducted a phase II trial of 
Bevacizumab, a humanized monoclonal antibody that acts as a direct VEGF inhibitor, in 
recurrent or persistent EC. Fifty-six patients were enrolled. Seven patients (13.5%) experienced 
clinical responses (1 complete response and 6 partial responses; median response duration, 
6 months), and 21 patients (40.4%) survived progression free for at least 6 months. Median 
PFS and OS times were 4.2 and 10.5 months, respectively. Adverse events were consistent with 
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those expected with bevacizumab treatment. No gastrointestinal perforations or fistulae were 
seen. Since then, multiple phase II trials have demonstrated improved PFS with bevacizumab 
monotherapy or in combination with an mTOR inhibitor [69-72].

Viswanathan et al. [68] studied 15 EC patients who received concurrent bevacizumab and pelvic 
intensity modulated radiation therapy (IMRT), reporting a 1-year PFS and 3-year PFS of 80% 
and 67% respectively and confirming a good local disease control, in particular in patients 
with non-dissectible nodes. The OS after 1-year and 3-year were 93% and 80%, respectively. 
Adverse effects included thrombosis and 1 embolic event in the setting of metastatic disease, 
but no gastrointestinal perforations were reported. Alvarez et al. [69] studied the combination 
of bevacizumab 10 mg/kg every other week and temsirolimus 25 mg intravenously weekly in 49 
patients with persistent or recurrent EC after one to two prior cytotoxic regimens and showed 
24.5% of clinical responses and median PFS and OS times of 5.6 and 16.9 months, respectively.

Simpkins et al. [70] evaluated the response to a regimen consisting of paclitaxel 175 mg/m2, 
carboplatin (AUC 5) and bevacizumab 15mg/kg in 15 patients with stage III/IV or recurrent EC. 
Five complete responses and 6 partial responses were seen, with a median PFS of 18 months and 
a median OS of 58 months. The GOG-86P trial of bevacizumab with cytotoxic agents suggested 
a potential survival benefit. In this randomized phase II trial, patients with chemotherapy-naïve 
stage III/IVA and stage IVB or recurrent EC were randomly assigned to treatment with paclitaxel 
and carboplatin (PC) plus bevacizumab (Arm 1), PC plus temsirolimus (Arm 2) or ixabepilone 
and carboplatin (IC) plus bevacizumab (Arm 3). Three hundred forty-nine patients were 
randomized. OS was significantly increased in the PC plus bevacizumab Arm when compared to 
historical controls treated with PC. However, the lack of contemporaneous control and the lack 
of improvement in RR and PFS necessitates interpreting the OS results with caution [72].

Lately, very interesting results came from Lenvatinib, an oral multiple kinase inhibitor 
targeting VEGF receptors 1–3, fibroblast growth factor (FGF) receptors 1–4, and PDGF 
beta, carried on 133 patients affected by advanced or recurrent EC. Complete response was 
noted in 29% of patients with a median OS of 10.6 months. Lenvatinib in combination with 
immunotherapy is therefore being developed [73].

Also Cediranib, a multi-tyrosine kinase inhibitor targeting VEGF, PDGF, and FGF receptors, 
was tested as a second or third line of therapy in EC patients with measurable disease in a 
phase II study conducted by Bender et al. [73]. Of the 48 patients enrolled, 12.5% showed a 
partial response, with a median PFS of 3.65 months and a median OS of 12.5 months.

HORMONAL THERAPY

An important role in regulation of normal endometrial function is played by expression of 
sex steroid hormone receptors like estrogen receptor (ER) α and β and progesterone receptor 
(PR A and PR B). ERα, ERβ and PR A and PR B are nuclear receptors encoded by different 
genes. Today we know that estrogens, progesterone and their receptors are involved in the 
development of many types of malignant tumors and interest in the study of these receptors 
has been growing significantly for their prognostic and therapeutic importance. As for EC, 
mostly Type I tumors, which express ERα and PR are, associated with hyperestrogenism and 
characterized by low tumor grade and a good prognosis. On the other hand, type 2 tumors, 
are often negative for hormone receptors, are high-grade and have a relatively poor prognosis.
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Hormonal therapy is the only target therapy approved for EC. Even though hormonal therapy 
has been considered standard for four decades, prediction of its efficacy with receptor 
evaluation and understanding mechanisms of resistance are still important challenges. 
For a long time, hormonal therapy has been available as an adjuvant treatment of hormone 
responsive advanced or recurrent EC. Hormonal therapy can be used at the same time or in 
sequence with chemotherapy, with a RR between 10%–20% and a survival shorter than 1 
year. Progestin treatment is able to inhibit the gene expression of ERs and reverse estrogen-
induced proliferation of EC cells. Nevertheless, in some cases resistance to progestin 
therapy occurs for reasons that that are unknown. Studies in literature have discovered the 
role of second mitochondria derived activator of caspase (SMAC) as capable to sensitize for 
apoptosis in gynecological cancer cells [74,75].

One preclinical study in literature investigated the role of SMAC in EC. Neubauer et al. [76] 
It evaluated the role of inhibitors of apoptosis (IAPs) in the progesterone receptors (PRB23) 
cells to promote cell survival using an antagonist to IAPs, SMAC, also known as DIABLO. 
Treatment of PRB23 cells with SMAC mimetic increased apoptosis. This study could be the 
starting point to explain resistance to progestin therapy.

At present, however, progestin-based adjuvant treatment in advanced or recurrent EC has not 
shown a clear advantage in terms of OS. The use of progestin for advanced-EC patients appears 
to increase non-cancer related adverse events and death. For this reason, progestin is considered 
a valid option only in Type I advanced or recurrent EC patients with several comorbidities and 
old age. Progestin-based drugs usually employed are: hydroxyprogesterone caproate, with a 
RR of 37%, medroxyprogesterone acetate (RR 9%–53%), and megestrol acetate (24%–46%). 
Several works describe the action of selective ER modulators (SERMs): tamoxifen, for example, 
can increase the progesterone activity against EC cells through the link with the corresponding 
receptor. Other works consider the role of gonadotrophin-releasing hormone analogs (GnRHa). 
GnRHa causes a reduction of the gonadotrophin level by means of pituitary receptor down-
regulation and, consequently, the suppression of ovarian activity and the reduction of the estrogen 
level. At present, only a single randomized report on the neo-adjuvant use of aromatase inhibitor 
(AI) in EC patients have been done. Thangavelu et al. [77] showed a decrease of endometrial 
proliferation in 16 EC patients subjected to anastrozole therapy for 14 days, against 8 patients 
treated with placebo. The authors also demonstrated a significant decrease of the expression of 
glandular Ki-67. As previously reported for breast cancer patients, AI may find a clinical use in 
the treatment of EC, but they are mainly useful in the case of patients not eligible for surgery. 
Combination therapy with mTOR and an AI has been evaluated as well, based on preclinical 
evidence showing that mTOR inhibition overcomes hormonal resistance. The combination of 
letrozole 2.5 mg with everolimus 10 mg demonstrated a clinical benefit rate (CBR) of 40% and an 
objective response rate of 32% in the 35 evaluable patients among 38 patients enrolled in the trial.

However, up until now, the lack of clinical trials for EC patients in large populations does not 
clarify the benefit in terms of OS and PFS.

CONCLUSION

Immunotherapy represents the most promising therapeutic approach in gynecological 
cancer. Current and ongoing studies are trying to improve clinical responses through 
immunotherapies strategies.
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IGF, EGF, genomic instability and angiogenesis represent the hallmarks of EC most 
investigated in the last decade, achieving significant clinical results (Table 1) and several 
ongoing studies will help determine the role of compounds targeting these biological targets 
in the management of EC patients (Table 2).

The use of anti-angiogenetic agents, PARP-inhibitors and hormonal therapy is a promising strategy 
in the treatment of EC. POLE-mutated and MMR-deficient tumors exhibit TILs, high levels of 
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Table 1. Main published trials involving targeted therapy in endometrial cancer
Author Study year No. of patients Cancer type Compound Pathway target Clinical response
Ott et al. [17] 2017 24 Advanced/metastatic Pembrolizumab PD-L1 PR: 3 patients

SD: 1 patient
ORR: 13%
PFS: 19%
OS: 68.8%

Makker et al. [18] 2017 23 Advanced/metastatic Pembrolizumab PD-L1 ORR: 48%
Fleming et al. [21] 2017 15 Advanced Atezolimumab PD-L1 ORR: 13%
Oza et al. [36] 2011 34  

(25 CT naïve  
+ 29 CT treated)

Recurrent/metastatic Temsirolimus mTOR CT-naïve group
PR: 14%, SD: 69%, PD 18%
CT-treated group
PR: 4%, SD: 48%, PD 48%

Slomovitz et al. [37] 2010 28 Recurrent CT-treated Everolimus mTOR PR: 0%
SD: 43%

Oza et al. [40] 2008 33 Recurrent/metastatic Erlotinib EGFR PR: 12%
SD: 46.9%
PD: 40.6%

Leslie et al. [41] 2013 26 Persistent/recurrent 
after at least one CT 
regimen

Gefitinib EGFR CR: 3.8%
SD: 26.9%
PFS (median): 1.8 months
OS (median): 7.1 months

Coleman et al. [42] 2015 54 Persistent/recurrent Selumetinib MEK 1/2 CR: 1 patient
PR: 2 patients
SD: 13 patients
PFS (median): 2.3 months
OS (median): 8.5 months

Aghajanian et al. [67] 2011 56 Persistent/recurrent Bevacizumab VEGF CR: 1 patient
PR: 6 patients
PFS (median): 4.2 months
OS (median): 10.5 months

Viswanathan et al. [68] 2014 15 Persistent/recurrent Bevacizumab  
+ IMRT

VEGF 1-year PFS: 80% 3-year PFS: 67%
1-year OS: 93% 3-year OS: 80%

Alvarez et al. [69] 2013 49 Persistent/recurrent Bevacizumab  
+ Temsirolimus

VEGF 
/mTOR

CR: 24.5%
PFS (median): 5.6 months
OS (median): 16.9 months

Simpkins et al. [70] 2014 15 Stage III/IV or  
recurrent EC

Bevacizumab 
+ Paclitaxel/
Carboplatin

VEGF CR: 5 patients
PR: 6 patients
PFS (median): 18 months
OS (median): 58 months

Vergote et al. [72] 2013 133 Metastatic/unresectable 
endometrial cancer after 
1 or 2 prior platinum-
based treatments, ≤2 
prior chemotherapies, 
and ECOG PS ≤2.

Lenvatinib VEGFR1–3, 
FGFR1–4,  
RET, KIT,  

and PDGFRβ

CR + PR: 14.3%
PFS (median): 5.4 months
OS (median): 10.6 months

Bender et al. [73] 2015 48 Second or third line of 
therapy in EC patients 
with measurable disease

Cediranib VEGF,  
PDGF,  
FGF

PR: 12.5 %
PFS (median): 3.65 months
OS (median): 12.5 months

CR, clinical response; CT, chemotherapy; EC, endometrial cancer; ECOG Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; FGF, 
fibroblast growth factor; IMRT, intensity-modulated radiation therapy; MEK, mitogen-activated protein kinase kinase; mTOR, mammalian target of rapamycin; 
ORR, overall response rate; OS, overall survival; PD, progressive disease; PD-L1, programmed death-ligand 1; PDGF, platelet-derived growth factor; PFS, 
progression free survival; PR, partial response; PS, performance status; SD, stable disease; VEGF, vascular endothelial growth factor.
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neoantigens, and expression of immune checkpoint regulators, such as PD-1 or its ligand, PD-L1, 
that escape from immune surveillance [78]. Pembrolizumab, a humanized monoclonal antibody 
that targets PD-1, has been approved by FDA for metastatic cancers exhibiting MMR deficiency and 
in trials with advanced or metastatic EC the ORR ranges from 13% to 48% [19,79,80].

Adoptive T cell therapies are receiving increased attention as an immunotherapeutic 
approach for EC but BiTE antibodies treatment has not been implemented yet and only 
preclinical trials have been performed on USC cells. As single treatments modalities, 
chemotherapies and radiotherapies may be ineffective in advanced metastatic and 
recurrent cancer. In these cases, a combinatory approach may induce a synergistic effect of 
conventional therapies and immunotherapy [24]. Pathologic identification of new variants of 
EC continues to advance the phenotypic spectrum of these tumors inducing genomic studies 
to reveal new strategies for therapy. Hence, in the era of precision medicine, the future efforts 
will be focused on pathologic assessment of biomarkers (e.g., mismatch repair proteins), 
recognition of phenotypes that are amenable to specific targeted therapies (such as POLE-
mutated tumors) and on the identification of the best therapeutic combination, and the more 
appropriate clinical setting in the management of women with endometrial carcinoma.
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