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Abstract
Uterine serous carcinoma (USC) is a highly aggressive variant of endometrial cancer. Although it
only represents less than 10% of all cases, it accounts for a disproportionate number of deaths
from endometrial cancer. Comprehensive surgical staging followed by carboplatin and paclitaxel
chemotherapy represents the mainstay of USC therapy. Vaginal cuff brachytherapy is also of
potential benefit in USC. Recent whole-exome sequencing studies have demonstrated gain of
function of the HER2/NEU gene, as well as driver mutations in the PIK3CA/AKT/mTOR and
cyclin E/FBXW7 oncogenic pathways in a large number of USCs. These results emphasize the
relevance of these novel therapeutic targets for biologic therapy of chemotherapy-resistant
recurrent USC.
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Endometrial cancer is the most common gynecologic malignancy in the developed world. In
the year 2013, approximately 49,560 new cases of endometrial cancer and 8190 related
deaths are predicted to take place in the USA [1]. Endometrial cancers are typically designed
as type I and type II tumors. Type I endometrial cancer accounts for 80% of cases and is
associated with endometrioid histology [2], younger age of onset [3], retention of estrogen
receptor and progesterone receptor status, and a history of unopposed estrogen, and
deletions in KRAS, PTEN, or mismatch repair mechanisms [4]. Type II endometrial cancers
are associated with serous, clear-cell or grade 3 endometrioid histology [5], loss of estrogen/
progesterone receptor [6], black race [7], absence of unopposed estrogen, presentation at
later stage, reduced E-cadherin expression, aneuploidy, mutations in P53, and HER2/NEU
overexpression [8,9]. Type II endometrial cancers are typically more aggressive than type I
cancers and have a poorer prognosis. Of note, 52–70% of type II cancers exhibit extrauterine
spread at the time of surgery, compared with 4.6% of low-grade tumors [10-12]. Overall,
they account for approximately 20% of endometrial cancers but as many as 74% of
associated deaths [13]. Uterine serous carcinoma (USC) accounts for 10% of all endometrial
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cancer; however, it carries the poorest prognosis, with 5-year survival rates as low as 55%
[13].

Current standard of care
Optimal treatment for USC begins with comprehensive surgical staging by laparotomy or
laparoscopy, and maximal cytoreduction to no residual disease in advanced stages [14].
Complete surgical staging consists of total hysterectomy, bilateral salpingo-oophorectomy,
bilateral pelvic lymphadenectomy, para-aortic lymph adenectomy, complete omentectomy,
and peritoneal washings with biopsies as indicated [15].

Currently, there are no data to suggest that surgical staging via a minimally invasive
approach is inferior to laparotomy for management of early-stage USC. In the GOG LAP2
study, 2181 endometrial cancer patients (13% of whom had USC) with clinical stage I–IIA
disease were randomized to laparoscopy versus laparotomy [16]. No significant increased
risk of recurrence based on laparoscopy versus laparotomy was found in this study. Port site
metastases were observed in only 0.24% of laparoscopic cases. As most patients in the
LAP2 study had low-risk disease, it is difficult to draw any firm conclusions that
laparoscopic staging for USC is an equally effective method of surgical management
compared with laparotomy. However, a recently reported, retrospective, multi-institutional
cohort study of patients with high-grade endometrial cancer (with approximately 30% serous
histology) who were comprehensively staged by either minimally invasive surgery or
laparotomy showed similar survival outcomes between the groups [17]. Undoubtedly, a
large, prospective randomized controlled trial is needed to definitively answer this question,
but no absolute contraindication for laparoscopic staging of USC patients exists at this time.

Following comprehensive surgical staging, adjuvant chemotherapy is generally
recommended in all USC patients with Stage IA–IV disease, with the exception of stage IA
patients showing no evidence of residual disease on the final surgical pathology specimen.
Analyses of Gynecologic Oncology Group (GOG) protocol 209 (a noninferiority trial in
advanced/recurrent endometrial cancer patients comparing carboplatin and paclitaxel vs
paclitaxel, adriamycin and cisplatin) support the favorable side effect profile of six cycles of
carboplatin (AUC 6) and paclitaxel (175 mg/m2) [18]. Five additional Phase III studies
conducted by GOG also confirm these findings [19-23]. While GOG 94 concluded that
whole-abdomen radiation is of little benefit in early-stage USC [24], adjuvant carboplatin
and paclitaxel seems beneficial in terms of decreasing risk of recurrence and improving
survival [25,26].

Vaginal cuff brachytherapy is often recommended as adjuvant treatment in USC patients.
One retrospective review of 74 patients showed a significant decrease in the risk of vaginal
cuff recurrence (0 vs 19%) among those who received vaginal cuff brachytherapy versus
those who did not [27]. In addition, another retrospective review of stage I and II USC
showed that six cycles of carboplatin and paclitaxel followed by vaginal cuff brachytherapy
is well tolerated and is associated with a 5-year overall survival of 90% [28]. GOG 249 is a
randomized Phase III clinical trial that is studying pelvic radiation therapy versus vaginal
brachytherapy when used in conjunction with paclitaxel and carboplatin in treating patients
with high-risk stage I or II endometrial cancers, including USC. The results of this study are
eagerly awaited and will likely help to guide management of early-stage USC.

CA-125 is the biomarker most commonly used to monitor disease status [15]. Significant
elevations are associated with advanced disease and lower levels with earlier-stage disease,
as well as any type of recurrence. Preoperative CA-125 levels are not a good indicator for
postoperative disease recurrence [29]. Serum Amyloid A, an acute-phase reactant, and
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human KLK6 and KLK10, which are trypsin-like serum proteases, have been proposed as
biomarkers for USC as well but at this time are not considered standard of care [30-32].

Molecular pathogenesis
Type I and type II endometrial cancer differ in their molecular pathogenesis. Type I disease
often expresses mutations in KRAS, PTEN and other mismatch repair mechanisms [8,9].
Type II disease, and USC specifically, exhibits aneuploidy [33,34] and the overexpression of
HER2/NEU [35-38], as well as cyclin E [39] and claudin-3 and -4 [40,41]. They also have
been shown to express mutations in TP53 and other proteins [42]. These mechanisms alter
the cell cycle via defects in DNA damage repair, chromatin remodeling, cell cycle and cell
proliferation. They also provide potential targets for therapy (FIGURE 1).

In 2012, Kuhn and colleagues examined 76 samples of USC [39]. Through whole-exome
and Sanger sequencing, they identified that 81% of samples had somatic mutations in the
tumor suppressor TP53. They also described mutations in PIK3CA (23%), FBXW7 (19%)
and PPP2R1A (18%) in both carcinomas and matched precursor endometrial intraepithelial
carcinoma. Furthermore, McConechy et al. showed mutations in PIK3CA, PPP2R1A and
TP53 in 75.7% of USC samples, accounting for the majority of aberrations in this subtype
and corroborating these findings [43].

TP53 is a transcriptional regulator that triggers apoptosis or cell cycle arrest in the setting of
DNA damage. When defective, it is thought to contribute to half of all cancer cases [44]. In
the case of USC, it regulates IGFR-1 [45]. PIK3CA plays a central role in cellular responses,
such as proliferation, survival, mobility, metabolism and control of malignant cellular
growth [46] via activation of the PTEN/AKT pathway. FBXW7 is an F-box protein that is
critical in the ubiquitination and targeting of tumor-promoting proteins cyclin E (CCNE1)
and PPP2R1A [47,48]. CCNE1 controls the G1 to S transition of the cell cycle [49], and
PPP2R1A is a regulatory unit of serine/threonine protein phosphatase 2, which helps
regulate growth. Mutations in PPP2R1A have been reported in up to 32% and CCNE1 in
57% of USC [50,51]. The identification of these alterations in both carcinoma and precursor
tissue suggest that malignant transformation may happen earlier than was previously
speculated.

HER2 & USC
The C-ERB2 gene encodes erbB2 (HER2), a member of the erbB receptor tyrosine kinase
family. This family consists of four transmembrane glycoproteins: erbB1, erbB2, erbB3 and
erbB4. The HER2 protein has a cysteine-rich extracellular ligand-binding domain, a
hydrophobic membrane-spanning region and an intracellular tyrosine kinase domain. When
HER2 is amplified, there is increased expression, and there may be up to 100 C-ERB2 genes
per tumor cell [52-54] compared with the two copies that there are in normal cells. This
amplification results in overexpression of HER2 at both the mRNA and protein levels. The
overexpression of HER2 results in the phosphorylation of intracellular tyrosine kinase
residues and ultimately modulates cell proliferation, differentiation, migration, and survival.
In addition, the following pathways become activated: Ras/Raf/MAPK and PI3K/AKT/
mTOR [55].

HER2 expression status is routinely determined by immunohistochemistry (IHC), followed
with additional FISH assays to verify equivocal IHC results. Overexpression has been
shown to correlate with prognosis in multiple tumor types [56,57]. In endometrial
adenocarcinoma, the rates of HER2 overexpression and amplification range from 4 to 69%
[58] and are more common in higher-grade and -stage tumors. USC has the highest rates of
expression among the endometrial cancers [59]. Multiple research groups have shown that

Black et al. Page 3

Womens Health (Lond Engl). Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the HER2 receptor is overexpressed in USC (scores 2+ and 3+ on IHC), with expression
rates from 18 to 80%, depending on the IHC technique used [36,60,61]. A higher frequency
of HER2 amplification by FISH is found in African–Americans compared with Caucasians
[62], and African–Americans have been found to have a considerably higher C-ERB2 gene
mean copy number and worse overall survival compared with Caucasian patients [62]. Thus,
HER2 overexpression may be an important molecular target in the treatment of USC.

Trastuzumab & pertuzumab
The HER2 receptor represents an additional target against USC by the use of antibodies
targeting the extracellular domain of this receptor. Trastuzumab and pertuzumab are US
FDA-approved humanized monoclonal antibodies targeting HER2 that work through
recruitment of natural killer cells and initiation of antibody-dependent cell-mediated
cytotoxicity or complement-dependent cytotoxicity, resulting in tumor lysis, as well as
abrogation of downstream effectors [63-65].

Trastuzumab (Genentech, CA, USA) is an FDA-approved adjunct and adjuvant for the
treatment of early-stage, HER2-positive, node-positive breast cancer [66]. The location of
HER2 on the cell surface has greatly contributed to its appeal as an immunotherapy target
for USC overexpressing HER2. However, despite encouraging case reports [67-69], when
evaluated as a single agent in stage III/IV or recurrent endometrial cancers, trastuzumab did
not initially demonstrate significant activity [70]. Combination therapy, including
trastuzumab, however, proved more effective than single-agent trastuzumab. To evaluate the
effect of progression-free survival in USC, a multi-institutional Phase II trial evaluating
trastuzumabin combination with paclitaxel and carboplatin compared with paclitaxel and
carboplatin alone is underway in patients with stage III/IV or recurrent USC that
overexpress HER2 at 3+ level by IHC or positive by FISH [201].

Pertuzumab (Omnitarg®; Genentech) is a humanized IgG1 monoclonal antibody HER
heterodimerization inhibitor that binds domain II of the erbB2 receptor. Compared with
trastuzumab, pertuzumab inhibits a broader array of downstream signal transduction
pathways through abrogation of lateral signal transduction [71-75].

Antibody-directed immunotherapy may also be further augmented and in particular natural
killer cell function may be improved with the administration of IL-2 or an agonist
monoclonal antibody for costimulatory receptors on natural killer cells. These are promising
strategies, which have shown favorable results in preclinical studies [76].

Tyrosine kinase inhibitors
Small-molecule tyrosine kinase inhibitors target the HER2 intracellular pathway and have
shown efficacy in HER2-positive trastuzumab-resistant cancers [77,78]. Lapatinib is a
reversible dual inhibitor of both HER2 and EGFR, and in preclinical models has shown
effectiveness in restoring trastuzumab sensitivity [79]. Accumulation of the truncated form
of HER2, P95-HER2, which lacks the trastuzumab binding site but is able to maintain
tyrosine kinase activity, is one mechanism of trastuzumab resistance. Lapatinib is also able
to inhibit P95-HER2 phosphorylation and as a result reduce the growth of HER2-driven
malignancies [80]. Pan-HER tyrosine kinase inhibitors, which inhibit epidermal growth
factor family receptors and their downstream pathways, have also proved beneficial in solid
tumor clinical trials and may have clinical benefit in HER2-positive USC [81].

Trastuzumab emtansine
Trastuzumab emtansine (T-DM1; Genentech) is a novel antibody–drug conjugate that
combines trastuzumab with targeted delivery of the antimicrotubule agent DM1. DM1
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belongs to the maytansine class of chemotherapeutic agents. On average, three to four
molecules of DM1 bind to each trastuzumab molecule. T-DM1 is internalized by HER2
receptor-mediated endocytosis and, as such, its action is specific to HER2-expressing cells.
After internalization, T-DM1 is then degraded by lysosomes, resulting in the release of free
intracellular DM1. DM1 is a strong inhibitor of microtubule assembly and its activity leads
to cell death as a result of G2/M phase cell cycle arrest [82-84]. T-DM1 also has the
advantage of retaining the mechanism of action of trastuzumab with regard to reducing
signaling in the HER2 pathway and initiation of antibody-dependent cell-mediated
cytotoxicity [85,86]. T-DM1 could be a promising chemotherapeutic agent in HER2-
positive USC, as it has been effective in HER2-positive breast cancer, as demonstrated in
the EMILIA trial. In this trial, median progression-free survival was 9.6 months in the T-
DM1 arm compared with 6.4 months in the capecitabine/lapatinib arm (HR: 0.650; 95% CI:
0.55–0.77; p < 0.001) [87]. Similarly, promising antitumor activity has been noted in HER2-
positive gastric tumors with resistance to trastuzumab [88]; however, no clinical trials have
yet been conducted in gynecologic cancer. Clinical trials exploring T-DM1 therapy in
HER2-positive advanced/recurrent and/or refractory USC are warranted.

Anti-HER2 vaccine
While trastuzumab is an effective immunotherapeutic agent against a variety of tumors
overexpressing HER2, it potentially has limitations of eventual drug resistance and risk of
cardiotoxicity, especially in patients on previous anthracycline-based regimens. As
experience with trastuzumab grew, so did interest in anti-HER2 vaccines. A potential
advantage of a vaccine that induces or stimulates a pre-existing anti-HER2 immune response
is fewer injections for patients. More importantly, however, is the possibility of establishing
a memory immune response capable of preventing disease recurrence. Consistent with this
view, several clinical trials are underway in patients with solid tumors with HER2
expression.

PI3K/mTOR inhibitors & anti-HER2 therapy
The PIK3/AKT/mTOR signaling cascade is critical to diverse cellular responses, including
cell proliferation, survival, mobility and metabolism, and control of malignant cellular
growth [46]. HER2/NEU is located upstream to the PIK3CA/AKT/mTOR pathway [89].
Also HER2/NEU and the PIK3CA/AKT/mTOR pathway are often constitutively activated
in various human cancers secondary to gene amplifications (i.e., HER2/NEU) or activating
mutations in the PIK3CA/AKT genes [90,91]. Importantly, multiple research groups have
recently reported PIK3CA gene mutations and HER2/NEU gene amplifications in a relevant
number of USCs by whole-exome sequencing [39,92,93]. As such, the use of PIK3/AKT/
mTOR inhibitors may provide effective anticancer therapy in the naturally aggressive USC.

Stathmin 1 is an oncogene whose activity is influenced by PI3K/AKT pathway activation.
High concentrations of stathmin are seen in PTEN-deficient tumors and have been
associated with PI3K pathway alterations, such as amplification of the 3q26 region and
increased PI3KCA copy number, and correlate with a poor prognosis [94]. The segregation
of endometrial cancers into high and low phosphorylated stathmin at the serine 38 site has
revealed transcriptional differences between these two subgroups of tumor. Based on these
findings, the PI3K/mTOR pathway and heat shock protein 90 have all been suggested as
potential effective targets in high pStathmin (S38) tumors [95]. The stratification of patients
in clinical trials by phosphorylated stathmin status may help to further define the group of
endometrial cancer patients most likely to benefit from PI3K/AKT/mTOR-targeted therapy.

There are very few clinical trials involving inhibitors of the PI3K/AKT/mTOR pathway and
gynecologic malignancies. In 2012, Janku and colleagues evaluated breast and gynecology
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cancer patients with PIK3CA mutations who were in clinical trials using PI3K/AKT/mTOR
inhibitors [96]. Of these patients, 9% had stable disease for greater than 6 months and 30%
had a partial response. By comparison, 10% of patients with a wild-type PIK3CA showed a
response (p = 0.04). In addition, 30% of patients with PIK3CA mutations expressed
coexisting MAPK pathway (KRAS, NRAS and BRAF) mutations. Of these, 29% achieved a
response.

In 2011, the National Cancer Institute of Canada clinical trials group reported favorable
results with the use of temsirolimus, an mTOR inhibitor, in patients with all types of
advanced endometrial cancer [97]. There were encouraging clinical results, especially in
chemotherapy-naive patients: 14% had a partial response and 69% had stable disease,
despite not being able to show a correlation of molecular markers of the PIK3/AKT/mTOR
pathway with clinical outcomes. A Phase II randomized trial of carboplatin, paclitaxel and
bevacizumab compared with carboplatin, paclitaxel and temsirolimus, or ixabepilone,
carboplatin and bevacizumab in advanced and recurrent endometrial cancer inclusive of
USC is now underway [202]. Several other mTOR and/or PIK3CA inhibitors are currently
under evaluation in clinical trials against a variety of human cancers, inclusive of
endometrial.

An additional area of research to be explored is the determination of whether HER2
expression/amplification or the presence of PI3KCA/AKT/mTOR pathway mutations affect
prognosis or recurrence of USC.

Another type of anti-HER2 therapy on the horizon is radioimmunotherapy. Preclinical
research has been performed on radioimmunotherapy in gynecologic cancer and other tumor
types [98,99]. Currently underway is a Phase I trial evaluating lead-212 (212Pb)-trastuzumab
in patients with HER2-positive cancers (including endometrial) with documented peritoneal
studding or positive washings (intraperitoneal disease). This represents a potential treatment
approach for patients with metastatic HER2-positive USC disease utilizing this lead isotope
with a short path length specifically targeted to malignant cells by the trastuzumab antibody
[203].

Cyclin E & USC
Genome-wide analyses have recently provided additional insight into key aberrations in the
molecular pathogenesis of USC [39,93] and potential new drug targets. In one study of 57
USCs analyzed by whole-exome sequencing, somatic focal amplification of chromosome 19
containing CCNE1 was identified in 44% [93]. CCNE1 encodes cyclin E1, the upregulation
of which accelerates the cell cycle through the G1 phase via interactions with CDK-2 [49].
Accumulation of cyclin E has been described in a wide range of human cancers [100]
besides endometrial [101]. In an additional 17% of USC, mutations in FBXW7, a member of
the F-box family of proteins, were described. FBXW7 is responsible for ubiquitinization and
targeting of cyclin E1 for proteosomal degradation. A related study corroborated the
activation of cyclin E by either increased expression or impaired degradation in 57% of USC
[39].

Over 50 CDK inhibitors have been described [102,103]; however, most exploit the ATP-
binding domain and remain relatively nonselective, although newer agents have recently
shown enhanced specificity for cyclin E or A [104]. Synthetic sulfonamides, such as E7070,
had shown promising preclinical activity, but development did not progress beyond Phase II
[105]. Curcumin has been proposed as a regulator of the proteasome and cyclin family cell
cycle proteins [106]. Additional rational drug design is warranted.
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VEGF & monoclonal antibodies
Angiogenesis is a rate-limiting step in tumor growth, progression and metastasis. It is often
initiated when the core of a tumor mass attains a critical level of hypoxia. A number of
substances promote neovascularization, including PDGF, FGF and angiopoietins, among
others. Of these proteins, VEGF dominates. It enhances vascular permeability, capillary
fenestration and vasodilatation. Production of VEGF is stimulated by inflammatory
cytokines, such as IL-1α and IL-6, or hypoxia via HIF-1α. The family consists of six
different members: VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E and P1GF [107].
These ligands bind several receptors: VEGFR-2 (Flk-1) appears to be the major mediator of
the mitogenic properties of VEGF, whereas VEGFR-1 (Flt-1) signaling depends on
developmental stage and cell type; VEGFR-3 binds only VEGF-C and VEGF-D. In
endometrial cancer, VEGF-A expression is an important prognostic indicator. It is believed
that increased expression indicated a poorer prognosis, as it is associated with advanced-
grade, lymphovascular space invasion, lymphovascular spread [108,109] and the
upregulation of P53 [110].

Bevacizumab (Avastin®; Genentech) is a recombinant human monoclonal IgG1 antibody
that neutralizes VEGF [111]. In GOG 229G, a Phase II study of recurrent endometrial
cancer, bevacizumab 15 mg/kg every 3 weeks produced a clinical response rate of 13.5%,
including one complete and six partial responses among 52 patients with one (63.5%) or two
(36.5%) prior lines of therapy [112]. Median progression-free and overall survival rates
were 4.2 and 10.5 months, respectively. Despite representing only 27% of the study
population, serous histology showed a significant response; serous histology was observed
in 100% of complete responses and 50% of partial responses.

The promising results of single-agent therapy prompted interest in pursuit of combinatorial
approaches. In GOG 229E, bevacizumab 10 mg/kg biweekly and temsirolimus 25 mg
weekly was used in 49 patients with recurrent or persistent endometrial cancer treated with
one or two prior lines of therapy [113]. There were four serous cancers represented (8.2%).
In total, 23 (46.9%) patients achieved progression-free survival of 6 months or more. There
were 12 (24.5%) clinical responses (one complete, 11 partial). Notably, there were two
gastrointestinal perforations and three treatment-related deaths. Presently, bevacizumab in
combination with paclitaxel and carboplatin is under study for advanced endometrial cancer
[204]. There is also a three-arm Phase II trial investigating the relative efficacy of
carboplatin/paclitaxel/bevacizumab, carboplatin/paclitaxel/temsirolimus and carboplatin/
ixabepilone/bevacizumab for advanced or recurrent disease [202].

Other novel immunotherapies under investigation include VEGF Trap (Afibercept®; Sanofi-
Aventis, Paris, France), a fusion protein containing VEGFR-1 and -2 components and a fully
human IgG1 constant region [205], and ramucirumab, a monoclonal antibody targeting
VEGFR-2, which is under study for a variety of solid tumors but not yet endometrial cancers
[206-209].

Small-molecule inhibitors
Small-molecule inhibitors are tyrosine kinase modulators that offer an alternative oral
strategy for targeting neoangiogenesis. Sunitinib is a multipathway agent that inhibits
VEGFR-1, -2 and -3, as well as PDGF. This agent is currently under study at the Phase II
level for recurrent or metastatic endometrial cancers, including USC, once-daily on days 1–
28 of a 6-week cycle until progression or toxicity [210]. Results from this study are expected
to be published in June 2014.
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The triple-pathway inhibitor nintedanib (BIBF 1120; Boehringer Ingelheim
Pharmaceuticals, Ingelheim am Rhein, Germany) against VEGF, PDGF and FGF has
produced encouraging results at the Phase III level with pemetrexed in non-small-cell lung
cancer [114,115] and Phase II level in renal cell carcinoma [116]. Unfortunately, it has been
ineffective in gliomas [117], and a Phase II study in endometrial cancers has been suspended
[211]. Pazopanib (against VEGF, PDGF and c-kit), sorafenib (against VEGF, PDGF, c-kit
and Raf) and cediranib (against VEGFR) remain under study in ovarian but not yet
endometrial cancers [118].

Inhibition of the prostaglandin cascade
Several authors have also posited that endometrial cancer may be promoted by a
proinflammatory milieu of prostaglandins that promote angiogenesis, cell proliferation and
DNA damage through modulation of cyclo-oxygenase-1 and -2 [119,120]. A large meta-
analysis examining the chemoprevention afforded by aspirin and other nonsteroidal anti-
inflammatory agents, including 1398 cases and 740 controls, showed that those patients who
had used aspirin in the last 5 years had a significantly lower risk of endometrial cancer (OR:
0.78; 95% CI: 0.63–0.97) compared with those who did not [121]. There was a significant
inverse dose response (p-trend < 0.001), such that women who reported using at least two
aspirin/week had almost half the risk (OR: 0.54; 95% CI: 0.38–0.78). This was particularly
notable among obese women and, interestingly, protective against both type I and II
endometrial cancers, such as USC. These findings are overall consistent with the literature in
supporting a role for aspirin in colorectal [122] and ovarian [123] cancer prevention.

Novel cytotoxic therapy: epothilones
Class III β-tubulin is capable of heterodimerizing with α-subunits to form microtubules
critical to cell division. Resistance to paclitaxel has been tied to the upregulation of class III
β-tubulin [124]. Paclitaxel not only binds preferentially to class I β-tubulin [125], but greater
class III β-tubulin expression reduces the rate of microtubule assembly, further rendering
cells less susceptible to paclitaxel [126]. Accordingly, aggressive biologic variants are
associated with high levels of class III β-tubulin [127]. In a comparison of fresh frozen
tissues using 28 USC and 20 ovarian serous carcinomas, USC overexpressed class III β-
tubulin RNA (copy number: 552.9 ± 106.7 vs 202.0 ± 43.99; p = 0.01) [128]; upregulation
was also observed in cell lines (copy number: 1701.0 ± 376.4 vs 645.1 ± 157.9; p = 0.02)
and verified at the protein level using IHC (USC median IHC score: 3+; ovarian serous
carcinomas median IHC score: 0–1+; p = 0.004). Overexpression of class III β-tubulin
predicts poor overall survival in USC [128], ovarian serous [129] and clear-cell carcinomas
[130], among a variety of other human cancers [131,132].

Epothilones are microtubule-stabilizing macrolides isolated from Sorangiumcellulosum
[133]. They have activity in paclitaxel-resistant malignancies [125]. Patupilone (Novartis,
Basel, Switzerland) and ixabepilone (Ixempra®/BMS-247550; Bristol-Meyers-Squibb, NJ,
USA) are members of this group.

In vitro, patupilone has been shown to be highly effective relative to paclitaxel against USC
cell lines expressing class III β-tubulin [128] and HER2/NEU [134], a marker of aggressive
biologic behavior [35,37]. Patupilone has been studied in various clinical trials involving the
treatment of ovarian carcinoma, but has not been validated in endometrial carcinomas
[135-138].

Ixabepilone is FDA-approved for treating advanced and metastatic breast cancer, but is not
yet approved for treating endometrial cancer. However, in GOG-129P, 50 patients with
recurrent or persistent endometrial cancer (40% had USC and 2% had clear-cell carcinoma)
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who had already received at least one prior line of taxane-based chemotherapy were treated
with ixabepilone and showed a favorable response [139]. An overall response rate of 12%
was appreciated by using an ixabepilone dose of 40 mg/m2 every 21 days. In 60% of
patients, there was disease stabilization for at least 8 weeks. Median progression-free and
overall survival was 2.9 and 8.7 months, respectively.

In preclinical xenografts, synergism between bevacizumab with ixabepilone exceeded that
of bevacizumab with paclitaxel [140]. In advanced non-small-cell lung cancer, the addition
of bevacizumab to carboplatin and ixabepilone as first-line therapy produced a higher
overall response rate (50 vs 29%) [141]. Median progression-free and overall survival in
these cohorts was 6.7 versus 5.3 and 13.2 versus 9.3 months, respectively. Drawing from
such experience, ixabepilone is currently under evaluation as first-line therapy with
carboplatin and bevacizumab in stage III/IV primary or recurrent endometrial cancers [202].

Claudins as a target
Normal epithelial cells are held together by tight junctions (TJs), adherens junctions and gap
junctions, and their disruption is involved in the transformation from a benign to malignant
state [142]. TJs block the diffusion of protein and lipids through the plasma membrane
[143,144]. They are also associated with epithelial breakdown and promotion of the
neoplastic process [145].

Claudins are membrane proteins that are involved in the formation of TJs. They also assist
in recruiting cell-signaling proteins. In addition, they regulate cell proliferation, cell
differentiation and neoplastic transformation [146,147]. They are composed of one
intracellular amino terminal, one intracellular carboxy terminal, four transmembrane
domains, and two extracellular loops [143,148,149]. One of the extracellular loops acts a
binding site for Clostridium perfringens toxin (CPE) [150]. Claudin-3 is a low-affinity
receptor for CPE and claudin-4 is a high-affinity receptor for CPE. Claudin-3 and -4 have
been found to be among the highest differentially expressed genes in USC [41], in addition
to a variety of other cancers [147,151].

Claudin-3 and -4 have been thought to represent a marker for biological aggressiveness. In
one study of 20 USC samples, CPE receptors were identified in 100% of samples and
significantly higher levels (p < 0.05) in metastatic USC when compared with primary tumor
sites [41]. Thus, USC that is recurrent or refractory to standard treatments may be
susceptible to CPE-based therapeutic approaches [41].

Conclusion & future perspective
USC is the most aggressive endometrial cancer, representing less than 10% of all cases, a
disproportionate number of deaths and a poor 5-year overall survival of 55%. With such a
dismal prognosis, these patients should be treated aggressively. Patients should receive
complete surgical staging. Those who are identified to have residual USC in the uterus at the
time of surgery should receive adjuvant carboplatin and paclitaxel chemotherapy, and a
strong consideration should be given for vaginal cuff brachytherapy. In patients who present
with advanced and/or recurrent chemotherapy-resistant disease, we expect whole-genome
sequencing to soon represent a critical tool for the identification and rational design of
targeted therapies in women diagnosed with USC. Prospective trials incorporating targeted
therapies are warranted to define the optimal management approach for women with this
biologically aggressive variant of endometrial cancer.

Black et al. Page 9

Womens Health (Lond Engl). Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Executive summary

Current

• Uterine serous carcinoma (USC) is a highly aggressive type of endometrial
cancer that is associated with a high rate of mortality.

Current standard of care

• Surgical staging followed by treatment with platinum- and taxane-based
chemotherapy may decrease the risk of recurrence, and may improve survival
outcomes; vaginal cuff brachytherapy may also be of benefit in USC.

HER2 & USC

• Approximately a third of USCs express high levels of HER2/NEU, a promising
and rational target for biologic therapies based on trastuzumab and T-DM1.

PI3K/mTOR inhibitors & anti-HER2 therapy

• Recent studies using whole-genome sequencing identified alterations in the
PIK3CA/AKT/mTOR and cyclin E/FBXW7 pathways in a large number of
USCs. These pathways may therefore represent novel therapeutic targets in
USC.

Novel cytotoxic therapy: epothilones

• Epothilones, a novel class of microtubule-stabilizing agents, are currently being
evaluated for use against chemotherapy-resistant/recurrent USC in combination
with bevacizumab.

Claudins as a target

• Targeting of the tight junction protein claudin-4, the high-affinity receptor for
Clostridium perfringens enterotoxin, may represent a novel approach for drug
delivery against chemotherapy-resistant USC.
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Figure 1. Targeted therapy in uterine serous carcinoma.
(A) HER2 antibodies and anti-HER2 vaccines, (B) antibody–drug conjugate, (C) tyrosine
kinase inhibitors, (D) PI3K/AKT/mTOR pathway inhibitors, (E) monoclonal antibodies and
small-molecule inhibitors, (F) Clostridium perfringens toxin-based therapeutic approaches
and (G) CDK inhibitors and curcumin. VEGFR: VEGF receptor.
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