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Molecular profiling helps define the phenotype of a cell and 
is designed to aid in early cancer detection, risk assessment, 
and targeted therapies.1 Profiles should be measurable across 
populations, useful for detection of cancer at an early stage, 
or assist in identification of high-risk individuals. As tech-
nology has developed, so has our ability to explore tumor 
biology down to the level of gene expression. 

Endometrial cancer is the most common gynecologic 
malignancy in developed countries and the second most 
common in developing countries. Patients typically present 
with symptoms such as postmenopausal bleeding, which 
allows for detection at an earlier stage. Ovarian cancer is less 
common but carries a poorer prognosis given its typical late 
stage of diagnosis. This section will discuss developments in 
the treatment of endometrial and ovarian cancer at a molec-
ular level. Considerable breakthroughs have been made in 
the area of poly ADP-ribose polymerase (PARP) inhibitors in 
BRCA mutated ovarian, fallopian tube, and primary perito-
neal cancers. Epithelial cellular adhesion molecule (EpCAM) 
overexpression has been a target for the treatment of malig-
nant ascites in ovarian cancer. There has been utility in 
targeting hormone receptors in the setting of recurrent endo-
metrial cancer while the role of human epidermal growth 
factor 2 (HER2) and mTOR inhibitors shows promise but 
remains investigational. 

POLY ADP-RIBOSE POLYMERASE (PARP) INHIBITORS

PARPs are a constitutive factor of the DNA damage surveil-
lance network developed to cope with numerous environ-
mental and endogenous toxic agents.2 In particular, the roles 
of PARP 1 and 2 in the base excision DNA repair pathway 
have been elucidated. Inhibition of the PARP enzyme leads 
to persistence of spontaneously occurring single-strand 
breaks and subsequent formation of double-strand breaks.3 
PARP inhibitors were found to have anti-cancer activity 
both in vitro and in vivo in germline BRCA mutated can-
cer.4 BRCA1 and BRCA2 mutations act on the cellular level 
as tumor suppressor genes involved in double-stranded 
DNA (dsDNA) break repair.5 Using the concept of synthetic 
lethality, which is defined as the situation when mutation in 
either of two genes individually has no effect but combining 
the mutations leads to death, the use of a PARP inhibitor in 
patients with an existing BRCA mutation should disable the 
back-up repair mechanism thus leading to cell death.6 The 

implication is that targeting one of these genes in a cancer 
where the other is defective should be selectively lethal to the 
tumor cells but not toxic to the normal cells.7 In December 
2014, olaparib (Lynparza ™) became the first PARP inhibitor 
approved by the FDA in the treatment of advanced ovarian 
cancer in patients with a known BRCA mutation who have 
received three or more prior lines of therapy.8 Approval is 
contingent upon the demonstration of positive results in 
two ongoing phase III clinical trials with olaparib limited 
to patients with BRCA mutations. Other PARP inhibitors 
such as veliparib have shown promising results in a phase 
II Gynecology Oncology Group (GOG) trial of patients with 
persistent or recurrent epithelial ovarian, fallopian tube, or 
primary peritoneal cancer with a BRCA 1 or 2 mutation.9 

Niraparib and rucaparib are in ongoing clinical trials. 

EpCAM

EpCAM is abundantly expressed on human cancers and 
EpCAM overexpression has been associated with a poor 
prognosis in patients with ovarian, breast, prostate and gall-
bladder carcinoma, both functioning as an oncogene and 
suppressing CD4+ T-cell-dependent immune responses.10 

Tumor cells in malignant ovarian cancer-associated ascites 
have been shown to express EpCAM in 70–100% of cases, 
while the mesothelial cells lining the peritoneal cavity lack 
expression.11 Catumaxomab is a trifunctional monoclonal 
antibody with two different antigen-binding sites and a 
functional Fc domain: one binds to epithelial tumor cells via 
EpCAM and the other to T cells via CD3.12 Catumaxomab 
was evaluated as part of a phase I/II dose-escalating study 
for intraperitoneal application in patients with ovarian 
cancer who had EpCAM-positive tumor cells.13 Treatment 
with catumaxomab resulted in significant and sustained 
reduction of ascites.12 In April 2009, the European Union 
approved catumaxomab for the intraperitoneal treatment of 
malignant ascites in patients with EPCAM positive carcino-
mas where standard therapy was not feasible. It has not been 
FDA approved in the United States but is in clinical trials. 

HORMONE RECEPTORS

The presence of progesterone receptors has been found to 
correlate with low-grade histology and overall more favor-
able outcomes.14 Receptor expression can be lost in either the 
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primary tumor or in metastatic disease; its loss is associated 
with disease progression and decreased patient survival.15 
Progestins have been employed to exploit the presence of 
progesterone receptors, however they paradoxically down 
regulate receptors when given continuously. The addition of 
tamoxifen to counter the progestin induced down regulation 
has shown clinical benefit. Megesterol acetate (megace) and 
tamoxifen for the treatment of metastatic endometrial can-
cer is based on a Gynecologic Oncology Group (GOG) study 
where patients alternated three-week courses of megace and 
tamoxifen with an overall response rate of 27%, a median 
progression-free survival of 2.7 months and median overall 
survival of 14 months.16 This is a viable treatment option 
in patients who are not eligible for secondary cytoreduction 
or multidrug cytotoxic chemotherapy, which has demon-
strated a response rate from 33–57%.17,18 Endocrine ther-
apy has shown some, albeit limited, clinical utility in the 
treatment of relapsed epithelial ovarian, fallopian tube, and 
primary peritoneal cancers. Studies using tamoxifen, thalid-
omide, and letrozole have shown improvements in progres-
sion free survival (PFS) and overall survival (OS).19,20 

HER2

Although currently investigational, the role of human epi-
dermal growth factor 2 (HER2) was shown to be a potential 
target in women with uterine serous carcinomas that overex-
press HER2. A small GOG trial of 34 women with advanced 
or recurrent endometrial cancer showed no responses but 12 
patients with overexpression of HER2 had stable disease.21 

A clinical trial evaluating the role of trastuzumab in combi-
nation with chemotherapy in uterine serous papillary carci-
noma is ongoing. 

Single agent lapatanib in one trial of patients with endo-
metrial cancer showed that 3 out of 30 patients were pro-
gression free after 6 months, 1 patient had a partial response, 
and 7 had stable disease.22 Although these appear to be mod-
est results, treatment options in the platinum resistant set-
ting are needed. These women have a poor prognosis. The 
limited data suggest that the most likely response to second 
line treatment is stable disease at best and overall survival is 
usually less than a year.23  

mTOR INHIBITORS

Overactivation of the PI3K/AKT/mTOR pathway, a signaling 
pathway that plays an important role in cellular growth and 
survival, has been implicated in endometrial cancer patho-
genesis.24 In a phase II study of previously treated recurrent 
or metastatic endometrial carcinoma patients, 25mg of IV 
temsirolimus showed a response rate of seven percent, how-
ever, 44 percent had stable disease, with a median duration 
of 5.1 to 9.7 months.25 These results have been promising 
enough to proceed with a clinical trial. GOG 86-P incor-
porates temsirolimus into one of three treatment arms for 

women with advanced, recurrent, or metastatic endometrial 
cancer not previously treated with chemotherapy. Results 
are anticipated in the near future.

CONCLUSION

Biomarkers for gynecological cancers, especially ovarian 
cancer, are the subject of multiple ongoing and planned 
clinical trials. Targeted therapies for these biomarkers are 
in rapid development and are hoped to improve the progno-
sis of women with gynecological malignancies by providing 
improvement in outcomes and treatment tolerability.
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