
Promising novel therapies for the treatment of endometrial
cancer

Paola A. Gehrig* and Victoria L. Bae-Jump
Division of Gynecologic Oncology, Department of Obstetrics and Gynecology, CB # 7572,
University of North Carolina at Chapel Hill, Chapel Hill, NC 27599-7572, USA

Abstract

Objectives—To discuss the novel agents which are being developed for the treatment of

advanced and recurrent endometrial carcinoma and to review other molecular targets that may be

interesting in the treatment of this disease. While the majority of women with endometrial cancer

enjoy a relatively good prognosis, the options for those women who suffer from a disease

recurrence are limited and there is a need to identify novel agents.

Methods—A review of clinical trials of novel therapeutic agents and their molecular targets is

provided. In addition, a review of the current literature on other potential molecular targets for

endometrial cancer was performed.

Results—Several phase II trials of novel agents, both alone and in combination with traditional

cytotoxic chemotherapy, have been completed or are nearing completion. It appears that the

targeted agents may have the most efficacy in combination with cytotoxic chemotherapy or in a

multi-targeted agent approach.

Conclusions—Chemotherapy offers the opportunity for a meaningful response rate in women

with endometrial cancer, but the responses are often short lived and cure is uncommon in the

setting of recurrent disease. The recent increase in molecular targets has led to the availability of

many novel therapies. Determining how these agents are to be used, alone or in combination with

“standard” therapies, needs to be defined and translational studies are needed to develop rational

combinations of these novel agents before we can move into clinical trials.
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Introduction

Endometrial carcinoma is the most common gynecologic malignancy in the United States

with approximately 42,160 cases and 7780 deaths estimated for 2009 [1]. Although patients

diagnosed with and treated for early stage-disease of the endometrioid histology enjoy
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relatively good survival rates, those women who are diagnosed with either advanced stage

disease or who suffer a recurrence have a poor prognosis (Table 1) [2]. For those women

with early stage disease, surgery with individualized use of volume directed radiotherapy is

curative. For those women with advanced stage disease, there is no real standard of care and

traditionally these women are treated with surgery, chemotherapy and radiation, in one or

more combinations. In the setting of advanced or recurrent disease, particularly when it is

not amenable to surgical resection, the hallmark of therapy has been chemotherapy. While

we have enjoyed some success, there is considerable room for improvement. In the era of

modern chemotherapy, the Gynecologic Oncology Group (GOG) has conducted 9 clinical

trials in the setting of advanced or recurrent endometrial cancer [3–10]. The majority of

these trials contained the more traditional chemo-therapeutic agents including platinum,

taxanes and anthracyclines with response rates ranging from 20% to 35% for single agent

regimens and up to 75% for combination regimens. While higher response rates with

combination regimens appear promising, the duration of these responses (progression free

survival—PFS) ranges from 5 to 7 months in the recurrent endometrial cancer trials and

unfortunately, these regimens are associated with high morbidity and mortality. The GOG is

opening a randomized phase III trial in women with surgical stage III or IVa (b2 cm residual

disease) endometrial carcinoma. This trial (GOG 258) randomizes women to either cisplatin

and tumor volume directed irradiation followed by paclitaxel and carboplatin versus

paclitaxel and carboplatin alone. This trial was recently activated and should begin accruing

patients in the near future.

While there have been several investigator initiated and pharmaceutical trials evaluating

novel therapeutic agents in this patient population, the GOG, in recognizing the need to

evaluate targeted agents in women with endometrial cancer, has also conducted a series of

phase II trials in women with this disease (Table 2). These trials have included traditional

chemotherapeutic agents as well as novel therapies, which are the focus of this review

(Table 3). Several of these trials are currently open and accruing patients (GOG 129-Q

[gemcitabine], GOG 238 [whole pelvic irradiation±concurrent cis platin], GOG 248

[temsirolimus]). Other trials are closed, however the data are not yet mature enough for

presentation (GOG 188 [faslodex], GOG 229-F [VEGF-TRAP]). The phase II lapatinib trial

(GOG 229-D) closed in 2005; however, the second stage of accrual was not indicated and

final publication is pending. GOG 229-G [bevacizumab +temsirolimus], one of few multi-

targeted therapy trials, evaluates combination bevacizumab and temsirolimus in women with

persistent or recurrent endometrial cancer. This trial is open at a limited number of centers

and is currently accruing. Several other trials have been presented in abstract form only

(GOG 181-B [trastuzumab], GOG 229-C [gefitinib], GOG 229-E [bevacizumab], GOG 129-

O [pemetrexed]); however, the trials evaluating trastuzumab, gefitinib and pemetrexed

appear to have limited activity in endometrial carcinoma. Conversely, preliminarily

ixabepilone and bevacizumab appear to have at least a modest activity in women with

recurrent or persistent endometrial carcinoma. Several of these trials will be discussed in

more detail throughout the review. Due to the American Cancer Society's estimates that the

death from endometrial cancer has risen over 200% since the early 1990s, there has been

interest in seeking other agents, which either alone or in combination may allow us to

improve the progression free and overall survival of women with this disease. These novel
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targets and their associated biologic therapies will be the focus of this review. Fig. 1 depicts

many of the pathways in endometrial carcinoma that currently have targeted therapy in

development.

Genetic alterations in Type I and Type II endometrial carcinoma

Fortunately, there has been significant progress in the past few decades in understanding the

molecular basis for the malignant transformation of normal cells and it is possible to take

advantage of this increased understanding of tumorigenesis and develop novel therapies that

target these molecular alterations (Table 3). The majority of endometrial carcinomas are

sporadic, with approximately 10% being due to a hereditary predisposition [18]. There are

two well-recognized subtypes of endometrial cancer based on the dualistic model of

endometrial cancer tumorigenesis. They are referred to as Type I and Type II endometrial

carcinoma based on the system described by Bokhman [19]. Type I endometrial cancers

represent 70–80% of new cases [19]. These cancers tend to be of an endometrioid histology,

are often estrogen-mediated and are associated with a high rate of PTEN (phosphatase and

tensine homologue) tumor suppressor gene loss or mutation, as well as defects in mismatch

repair that lead to microsatellite instability [20–24]. Women with Type I endometrial

cancers typically have evidence of estrogen excess, either endogenous (obesity) or exo-

genous. In addition, these women often have associated diabetes and hypertension.

Women with Type II endometrial cancer are older than those with Type I lesions and

typically do not have evidence of estrogen excess. The Type II endometrial cancers typically

show aneuploidy, p53 mutations and overexpression of HER-2/neu [18,25–30]. While these

differences in tumorigenesis may be areas that can be further developed, one must not

exclude women with Type II endometrial cancers from promising clinical trials as the

molecular differences may or may not be clinically relevant. In a study designed to explore

the association between histology and outcome in women with advanced or recurrent

endometrial cancer, the authors did not find that response to doxorubicin, cisplatin or

paclitaxel varied with regards to histologic subtype, and they did not recommend that

women with uterine papillary serous carcinoma be excluded from future trials in women

with endometrial carcinoma [31]. This is critically important as while Type II endometrial

cancers represent approximately 10% of endometrial carcinomas, they are responsible for

approximately 50% of all relapses. This is in part due to the more advanced stage at the time

of diagnosis (Table 1).

Angiogenesis inhibitors

Angiogenesis, the formation of new blood vessels, is integral to the growth and metastasis of

many malignancies, including endometrial cancer [32–34]. Vascular endothelial growth

factor (VEGF) induces this new blood vessel formation and in many malignancies it is

associated with a poor prognosis. VEGF expression is seen in the majority of endometrial

cancer specimens (56–100%), and in many studies, it has been correlated with deep

myometrial invasion, high histologic grade, lymphovascular space invasion, lymph node

meta-stasis and poor prognosis [34–38]. However, there have been a series of studies that

have not shown an association between VEGF and endometrial cancer prognosis and

survival [39–41]. These apparent discrepancies may be explained by the variable expression
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of VEGF in different endometrial subtypes and with varying stages of disease. For example,

VEGF is highly expressed in early stage and well-differentiated lesions, but has lower levels

of expression in more advanced and poorly differentiated tumors [42].

Bevacizumab (Avastin®, Genentech) is a humanized mAb to VEGFA, and it has been

studied as a single agent in women with recurrent endometrial carcinoma by the GOG (GOG

229-E). This study closed in 2008, and the findings were recently presented at the American

Society of Clinical Oncology [14]. In this patient population, single agent bevacizumab (15

mg/kg IV every 3 weeks) provided an observed response rate of 15.1% with a 35.8% 6-

month progression-free survival (PFS). Overall median PFS was 4.2 months, and median OS

was 10.5 months. Based on the 6-month PFS, bevacizumab was deemed to show promising

activity in this patient population. In addition, the translational correlation studies suggest

that there is an association between plasma VEGF-A concentrations and tumor response and

overall survival as well as an association between tumor VEGF-A staining intensity and

overall survival.

The GOG has evaluated thalidomide in a phase II trial (GOG 229-B) and similarly

correlated angiogenic biomarkers with survival [12]. Thalidomide is an anti-angiogenic,

whose exact mechanism of action is unknown. This trial enrolled 27 women (of whom 24

were eligible) with recurrent or persistent endometrial cancer. Similar to GOG 229-E

[bevacizumab], patients were required to have had one prior cytotoxic regimen and were

allowed, but not required, to have had one additional cytotoxic regimen for the treatment of

their disease. In this study, the median PFS and overall survival (OS) were 1.7 months and

6.3 months, respectively. Thalidomide was well tolerated in this patient population with no

grade 4 toxicities. In this trial, patients started at a dose of 200 mg/day. For patients not

experiencing grades 3–4 toxicities, thalidomide was increased by 200 mg/day at

approximately 2-week intervals until a target dose of 1000 mg/day was reached. The set

target dose was difficult to reach due to progressive disease as defined on the trial. The

primary toxicities were gastrointestinal and neurologic (parasthesias). While no correlations

were found between plasma VEGF levels and response to thalidomide, elevated plasma

VEGF levels were associated with increased risk of progression and death. Due to its low

response rate, thalidomide did not show sufficient activity to be considered as a single-agent

therapy in women with recurrent or advanced endometrial cancer.

VEGF-trap (Afibercept®, Sanofi-Aventis) is a fusion protein of human VEGF receptor

extracellular domains fused to the Fc portion of human immunoglobulin G that acts as a

decoy receptor to bind VEGF-A and neutralize VEGF-A isoforms. In women with

symptomatic ascites from ovarian cancer, it has been shown to decrease the frequency of

paracentesis [43] and is now being studied in combination with docetaxel in women with

recurrent ovarian cancer (Phase I/II). The GOG is conducting a Phase II trial of VEGF-

TRAP (4 mg/kg IV every 14 days) in women with recurrent endometrial cancer with the

primary objectives being PFS for at least 6 months. Similar to many other targeted

therapeutic trials, translational correlative studies are being conducted. This study in

particular is seeking to isolate, enumerate and phenotypically characterize circulating tumor

cells and circulating endothelial cells recovered from patients before and during treatment

with VEGF-Trap and to see if the counts and characteristics are associated with outcomes.
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In addition, the investigators seek to evaluate if tumor expression of proteins implicated in

VEGF resistance (VEGF, VEGFR-1, VEGFR-2, FGF-1, FGF-2, FGF-7, etc.) will determine

response to VEGF-Trap and whether they are associated with measures of clinical outcome.

This study to date has accrued 28 women and based on the original study design is in its

second stage of accrual. It is too early to draw any conclusions.

In addition to monoclonal antibodies, there are several small molecule inhibitors, which

have been designed to target VEGF receptors (Fig. 1). Sorafenib (Nevaxar®, Bayer) is an

oral multi-targeted kinase inhibitor that inhibits tumor growth by targeting the vascular

endothelial cells and by inhibiting the VEGF receptor (VEGFR-1, VEGFR-2, VEGFR-3 and

platelet derived growth factor receptor (PDGFR) [44]. Sorafenib has been evaluated as a

single agent in women with recurrent endometrial cancer and carcinosarcomas. In this trial

of 39 women, there was a 5% partial response and 50% had stable disease [45]. These

findings are in line with the phase II trials of sorafenib either as a single agent or in

combination with gemcitabine in women with recurrent ovarian cancer. In the single agent

trial, 20/59 women had stable disease, and there were 2 partial responders [46]. In the

combination trial with gemcitabine, there were few objective responses (5%), but 26% of

women had stable disease. The median time PFS was 5.4 months and median overall

survival was 13.3 [47]. Sunitinib (Sutent®, Pfizer) is an oral tyrosine kinase inhibitor of

multiple VEGF receptors. It has recently been studied as a single-agent in phase II trial in

women with recurrent or metastatic endometrial cancer. The first stage of the study, which

consisted of 16 patients, was recently presented. Median time to progression was 2.5 months

and OS was 6.2 months. Based on this activity, enrollment has begun to the second stage of

accrual [48].

Other antiangiogenic agents that are being investigated in gynecologic malignancies include

cediranib (Recentin®, AZD2171, AstraZeneca) an oral inhibitor of VEGFR-1, VEGFR-2,

VEGFR-3, PDGFRB and c-kit [49]; volociximab (M200, PDL BioPharma and Biogen) a

chimeric monoclonal antibody directed against α5β1 integrin on endothelial cells [50–52];

IMC-1121B (ImcClone) which is a fully humanized monoclonal antibody directed against

VEGFR-2 (NCT00721162) [53]. It may be that these agents, while themselves primarily

cytostatic, act synergistically when given in combination with more conventional cytotoxic

therapy. The underlying mechanism of this synergistic relationship may be that

antiangiogenics reduce the hyperpermeable nature of the vasculature and subsequently

decrease the interstitial tumor pressures. This may in turn allow for an increased

concentration of the cytotoxic agent to be delivered to the tumor [54].

Phosphoinositide 3 kinase/AKT/mammalian target of rapamycin inhibitors

PTEN is a common mutation in Type I endometrial carcinoma occurring in up to 40–80% of

women [20–22,55]. The loss of PTEN results in activation of Akt which subsequently

upregulates mTOR activity. Therefore, tumors that are deficient in PTEN may be perfect

targets for mTOR inhibitors. MTOR inhibitors are known for their antiproliferative

properties due their ability to modulate signal transduction pathways involved in cell cycle

progression [56]. Three mTOR inhibitors have been or are currently being investigated in

women with endometrial cancer: temsirolimus (CCI-779, Wyeth), everolimus (RAD001,
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Novartis) and deforolimus (AP23573, Merck). Temsirolimus is a water-soluble ester of

rapamycin given by intravenous infusion. In a recently presented phase II trial of

chemotherapy naïve women with advanced or recurrent endometrial cancer, single agent

temsirolimus (25 mg IV weekly) was associated with a 26% partial response rate [57].

Response in this study did not correlate with PTEN status as evaluated by

immunohistochemistry. This same group (NCIC) also conducted a phase II trial in women

with heavily pretreated endometrial cancer. In this study, a 7% partial response rate was

seen, and 44% of the patients experienced stable disease [58]. The GOG is currently

conducting a phase II trial of temsirolimus as a single agent (25 mg IV weekly) versus

temsirolimus (25 mg IV weekly) with megesterol acetate (80 mg orally BID) and tamoxifen

(20 mg orally BID). Deforolimus, like temsirolimus, is an intravenous mTOR inhibitor. In a

phase II trial of women with endometrial cancer and uterine carcinosarcoma, 28% of

patients had either a complete or partial response [59]. Eighteen of 45 women discontinued

therapy prior to 4 months, primarily due to progressive disease. While oral formulations of

deforolimus are being developed, only one oral mTOR inhibitor has been studied to date in

women with endometrial cancer. Everolimus is an oral bioavailable ester derivative of

rapamycin and has been similarly evaluated in a phase II trial with biologic correlates. In

this study, median PFS was 4.5 months. The authors reported that AKT and mTOR

expression was not associated with response to therapy [60]. According to the results from

the completed phase II trials to date, mTOR inhibitors do exhibit activity in women with

advanced or recurrent endometrial cancer, and these agents merit continued evaluation.

Similar to the antiangiogenic agents, it may be that the mTOR inhibitors may potentiate the

activity of and act synergistically with chemotherapeutic agents. In endometrial cancer cell

lines, rapamycin has been shown to be synergistic with cisplatin (inhibition of cell growth,

induction of apoptosis and increased expression of DNA mismatch repair proteins) and

paclitaxel (inhibition of cellular proliferation, induction of apoptosis and increased

polymerization of tubulin) [61,62]. Similar findings have also been seen in other tumor

models including breast cancer [63]. These studies provide rationale for combination clinical

trials of mTOR inhibitors and chemotherapeutic agents. Clinical trials evaluating mTOR

inhibitors with other biologic agents (temsirolimus and bevacizumab-GOG 229G) and with

cytotoxic agents (everolimus and topotecan NCT00703807) are underway or being planned.

Other agents that can affect the PI3K/PTEN/akt/mTOR pathway are also being developed

and may warrant investigation in women with endometrial cancer. MKC-1 (EntreMed), an

oral cell cycle inhibitor, reduces phospho-AKT has recently been evaluated in a phase II trial

of women with recurrent ovarian and endometrial carcinoma [64]. In an in vitro model of

endometrial stromal sarcoma, SAHA, a distone deacetylase inhibitor, treated cells exhibited

decreased expression of mTOR and phospho-S6 ribosomal protein, which is a downstream

target of mTOR [65]. There are two drugs in development, enzastaurin (LY 317615, Eli

Lilly) and bryostatin-1, which can selectively inhibit specific serine/threonine kinase iso-

forms. These drugs are currently being evaluated in clinical trials (breast, glioma, colorectal,

renal cell, etc.) both as single agents and in combination with cytotoxic agents and other

novel therapeutics.

Gehrig and Bae-Jump Page 6

Gynecol Oncol. Author manuscript; available in PMC 2014 July 18.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Epidermal growth factor receptor inhibitors (tyrosine kinase inhibitors, monoclonal
antibodies inhibitors to EGFR)

The epidermal growth factor receptor (EGFR) family consists of 4 distinct tyrosine kinase

cell-surface receptors [EGFR (ErbB-1), HER-2/ neu (ErbB-2), Her-3 (ErbB-3), and Her-4

(ErbB-4)]. Following binding to EGF-like growth factor, the intracellular tyrosine kinase

domain is activated, leading to cellular proliferation and survival [66]. Both Type I and Type

II endometrial cancer frequently overexpresses EGFR, and this overexpression has been

correlated with tumor grade, deep myometrial invasion and poor survival [26–28,66–71].

Despite the excellent rationale, GOG 181-B, which evaluated trastuzumab (Herceptin®,

Genentech) in women with advanced or recurrent endometrial cancer, failed to show

significant activity, even in those women whose tumors overexpressed Her-2/neu [11].

Despite these results, there is merit in continuing to evaluate this class of drugs in women

with endometrial carcinoma.

Small molecule tyrosine kinase inhibitors—There are several drugs in this class that

have been studied in phase II studies, both within and outside the Gynecologic Oncology

Group. The GOG has evaluated both lapatinib (GOG 229-D, Tykerb®, GSK) and gefitinib

(GOG 229-C, ZD 1839 (Iressa®), Astra Zeneca) in phase II trials of women with persistent

or recurrent endometrial cancer.

– Lapatinib is an oral dual kinase inhibitor, which targets both EGFR and Erb-B2 [72].

In vitro studies of lapatinib in endometrial cancer cell lines demonstrated anti-

proliferative effects in all cell lines tested in a PTEN-independent manner [73]. GOG

229-D (lapatinib 1500 mg oral daily) enrolled 31 women, of whom 30 were evaluable.

While the data have not been published, this study did not open to the second stage of

accrual, so one can assume that there was not sufficient activity as a single agent to

merit further investigation.

– Gefitinib is a specific inhibitor of EGFR tyrosine kinase activity and binds to the ATP

binding site on the EGFR kinase domain [74]. Similarly, GOG 229-C (gefitinib 500 mg

oral daily) enrolled 29 women of whom 26 were evaluable. In a preliminary analysis of

this study, one patient experienced a complete response and others had stable disease

after 6 months [75]. We await the final analysis of this study.

– Erlotinib (Tarceva®, Genentech), an oral EGFR tyrosine kinase inhibitor, has been

evaluated outside of the GOG in phase II trials of women with advanced endometrial

cancer. In one trial, partial responses were documented in 2 out of 27 women, and stable

disease was demonstrated in 52% of patients with a median duration of response of 3.4

months [76]. In the other trial conducted by the NCIC, there was a 12.5% reported

response rate [77].

– Type I and uterine papillary serous carcinomas express Abl and platelet derived

growth factor receptor (PDGFR) by immunohistochemistry, in the setting of both

primary and recurrent disease. [78]. Imatinib (Gleevac®, Novartis) inhibits several

tyrosine kinases, including c-Kit and may be a reasonable therapeutic agent in

endometrial cancer considering its targets. This rationale lead to a phase I dose

escalation trial of imatinib with paclitaxel 175 mg/m2 trial in women with advanced or
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recurrent uterine papillary serous carcinoma. This trial accrued 11 patients with one of

two patients with measurable disease having a partial response [79].

While we await the final results of these studies, the preliminary responses are not dramatic

and in fact, the two GOG trials of these small molecules did not open to the second stage of

accrual. It may be that endometrial cancer is resistant to this class of drugs and one potential

mechanism may be related to downregulation of p53 and a related overexpression of

MDM2, which is the principal factor that inhibits p53 function, leading to drug resistance

[80].

Monoclonal antibody inhibitors to EGFR—There are several monoclonal antibodies

directed at EGFR that are currently available, of which only one has been evaluated in

women with endometrial cancer (trastuzumab). Matuzumab (EMD72000, Takeda),

Pertuzumab (Omnitarg®, Genentech), and cetuximab (Erbitux®, Bristol-Myers Squibb) are

all directed towards different targets on EGF (Fig. 1). While several of these agents are

being investigated, to date, there are no published clinical trials in endometrial cancer. As

previously discussed, trastuzumab has been evaluated in a phase II trial by the GOG.

Unfortunately, despite several of the tumors overexpressing Her2/neu, there was minimal

activity. However, it may be that the most appropriate endometrial cancer histology for

treatment with trastuzumab was underrepresented in this phase II trial. Uterine papillary

serous carcinoma (UPSC) is shown to overexpress ErbB-2 in up to 80% of cases (Table 3)

[27]. Several authors have reported objective responses in women with UPSC who are

treated with trastuzumab [81,82]. It may be that a prospective trial with trastuzumab should

be conducted in women with UPSC. A phase II trial of cetuximab in women with recurrent

endometrial cancer is ongoing. Overall the activity of monoclonal antibodies designed to

target the EGFR pathway has been fairly limited in gynecologic malignancies, either as

single agents or in combination with chemotherapy. It may be that patient selection has not

been appropriate or that the right combination of agents has yet to be determined.

Miscellaneous agents

There are fortunately several other agents that may show promise in the treatment of

endometrial cancer. Several experts have commented on the need for more clinical trials in

endometrial cancer and in UPSC in particular [83,84]. Using microarray, investigators have

been able to identify potential targets. Claudin-3 and claudin-4 are highly expressed in

UPSC and may serve as novel targets for therapy using Clostridium perfringes enterotoxin

(CPE) [85,86]. In an in vitro system, Santin et al. [86] were able to demonstrate a dose

dependent cytotoxic effect of CPE in established primary and recurrent UPSC cell lines. In

addition, in vivo experiments in UPSC xenografts exhibited promising results.

There is a clear association between obesity, estrogen excess and endometrial cancer. What

is evolving is a better understanding of the relationship between insulin resistance and

endometrial cancer. Adiponectin is secreted by adipose tissue and has been shown to be a

surrogate marker for insulin resistance [87]. In addition, it is independently and inversely

associated with endometrial cancer suggesting that insulin resistance is independently

associated with endometrial cancer [88]. Metformin is a biguanide drug that is widely used

as the first line treatment of type II diabetes. There is epidemiological evidence to suggest
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that metformin use lowers cancer risk and reduces the rate of cancer deaths among diabetic

patients [89,90]. Recently metformin has been shown to inhibit cellular proliferation and

induce apoptosis in endometrial cancer cell lines, and these effects were potentially

mediated through the mTOR pathway [91]. Thus, metformin may behave like a novel

mTOR inhibitor, with important chemotherapeutic implications for endometrial cancer

treatment and even prevention. Additionally, a novel insulin-like growth factor 1 receptor

(IGF-1R) inhibitor, AMG479 (Amgen), is gaining attention as a potential novel therapeutic

[92–94]. There are several phase II trials in ovarian cancer, in combination with

chemotherapy, in development. Preclinical data in endometrial cancer cell lines similarly

show promise [94].

Ixabepilone (BMS-2474550, Bristol-Myers Squibb) is an epothi-lone B analog that induces

microtubule stabilization and due to their different mechanism of action, can provide activity

even in those tumors deemed taxane resistant [95]. GOG 129-P evaluated this drug in 52

women with recurrent or persistent endometrial cancer, the majority of whom (94%) had

received prior paclitaxel therapy. In this patient population, single agent ixabepilone (40

mg/m2 IV q 21 days) resulted in a median PFS of 2.9 months and OS of 8.7 months. The

authors concluded that in this paclitaxel-pretreated population, there was modest activity.

Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL-Apo2L) is a member of

the tumor necrosis factor ligand superfamily, and it is expressed at high levels in many

tumor types [96,97]. Mapatumumab (Trm-1, HGS-ETR1), a monoclonal antibody with high

affinity to TRAIL-R1, has shown activity amongst a broad range of tumor xenografts. As a

single agent, in two phase I studies of heavily pretreated patients, the best response was

stable disease [98,99]. In a more recent phase I study of mapatumumab with paclitaxel and

carboplatin, 5/27 patients (one having primary peritoneal disease) exhibited a partial

response. This drug may merit evaluation in endometrial cancer [97].

Conclusions

As our knowledge of the pathogenesis of endometrial cancer has evolved, we have had the

opportunity to identify potential novel targets for treating a disease that has seen a dramatic

increase in cancer-related mortality in the recent decades. The current challenge is how to

best study these agents in an effort to maximize patient response and minimize the cost and

time of the traditional clinical trial mechanisms. In addition to posing unique challenges in

clinical trial design as single-agents, emerging data from other tumor types suggest that

these novel agents may be most effective when given in combination with existing cytotoxic

agents or with other novel therapeutic agents. Developing pre-clinical models and expanding

the understanding of the mechanisms behind endometrial cancer pathogenesis and

metastases will be vitally important as we advance our knowledge in the treatment of this

disease.

The authors receive research support (study drug) from Amgen.
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Fig. 1.
This figure illustrates many of the cellular pathways currently being targeted in the treatment

of endometrial cancer. Drugs that are bold type are in trials that are either ongoing or have

already been completed. Solid lines and arrows indicate stimulation or upregulation of target

gene or receptor; dashed lines and arrows indicate downregulation or inhibition of the target

gene or receptors. From Bansal N, Yendluri V, Wenham RM. The molecular biology of

endometrial cancers and the implications for pathogenesis, classification, and targeted

therapies. Cancer Control. 2009;16(1):8–13.
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Table 1

Stage at presentation and overall survival by stage for type I and type II endometrial carcinomas.

Endometrioid USC/Clear cell

Present in earlier stage Present with advanced stage disease

    Stage I 73%     Stage I 54%

    Stage II 11%     Stage II 8%

    Stage III 13%     Stage III 22%

    Stage IV 3%     Stage IV 16%

5-year survival rates 5-year survival rates

    Stage I 85-90%     Stage I 60%

    Stage II 70%     Stage II 50%

    Stage III 40-50%     Stage III 20%

    Stage IV 15-20%     Stage IV 5-10%
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Table 2

Phase II GOG studies for advanced or recurrent endometrial cancer.

Author, year Number of patients Regimen
a Molecular target PFS

b
 (median) OS

c
 (median)

GOG 181 B [11] 67 Trastuzumab Her-2/neu 2

GOG 188 Faslodex

GOG 238 WPI ± concurrent

CDDP

GOG 248 Temsirolimus mTOR, PTEN

GOG 229 Series

B [12] 27 Thalidomide 1.9 8.3

C[13] 29 Gefitinib EGFR 4/26 pts PFS N/A

>6 months

D 31 Lapatinib EGFR

E [14] 56 Bevacizumab VEGF 1.7 6.3

F 28 VEGF-TRAP

G 29 Bevacizumab +

Temsirolimus

GOG 129 Series

N [15] Docetaxel 3 10.6

O [16] 27 Pemetrexed 2.7 9.4

P [17] 52 Ixabepilone Epothilone B 2.9 8.7

Q Gemcitabine

a
WPI = whole pelvic irradiation.

b
Progression free survival.

c
Overall survival.
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Table 3

Molecular alterations in endometrial cancer: percent frequency of genetic mutations in Type I and Type II

cancers.

Genetic alteration Type I carcinoma (%) Type II carcinoma (%)

PTEN inactivation 50–80 10

K-ras mutation 15–30 0–5

B-catenin mutation 20–40 0–3

Microsatellite instability 20–40 0–5

p53 mutation 10–20 80–90

HER-2/neu 10–30 40–80

p16 inactivation 10 40

E-cadherin 10–20 60–90

From Bansal N, Yendluri V, Wenham RM. The molecular biology of endometrial cancers and the implications for pathogenesis, classification, and
targeted therapies. Cancer Control. 2009;16(1):8–13. Reprinted with permission © 2009.
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