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The disease related mortality associated with epithelial ovarian cancer is high. 
The majority of patients have advanced stage disease at diagnosis. Despite good 
response to primary therapy, a large proportion of patients will suffer from a 
recurrence. A number of chemotherapy agents have shown efficacy at relapse. 
Treatment of recurrent disease with platinum-based therapy continues to be 
very effective in patients with platinum sensitive disease. Other chemotherapy 
options include taxanes, topotecan, pegylated liposomal doxorubicin, gemcitabine, 
navelbine, oral etoposide, capecitabine and hexamethylmelamine. Newer promising 
agents include trabectedin, patupilone and pemetrexed. Therapy targeting specific 
molecular changes in the neoplastic cells has opened in new era in cancer treatment. 
In this abstract we summarize some of these applications in ovarian cancer.

Molecular changes in epithelial ovarian cancer

Advances in molecular biotechnology have shed more light on the genetic 
changes associated with ovarian carcinogenesis and have helped to identify 
molecular changes that impact tumor growth and progression. These 
molecular changes have proven to be prognostic indicators and some are 
potential therapeutic targets. Protein kinases are enzymes that catalyze the 
phosphorelation of tyrosine, serine and/or threonine residues of specific proteins 
inside cells. Deregulation of protein kinase signaling has been associated with 
malignant transformation and progression in many organs including the ovary. 

Tyrosine Kinases
Receptor Tyrosine Kinases
Protein tyrosine kinases include transmembrane receptor kinases and nonreceptor 
tyrosine kinases. The receptor tyrosine kinases (RTKs) are glycoproteins that possess 
an extracellular ligand –binding domain, a single hydrophobic transmembrane 
domain and an intracellular catalytic domain containing regulatory sequence. 
There are many families of RTKs including receptors for epidermal growth 
factor (EGF), platelet derived growth factor (PDGF), vascular endothelial growth 
factor (VEGF), fibroblast growth factor and hepatocyte growth factor. EGFR 
overexpression has been reported in 35% to 70% of patients with epithelial 
ovarian cancer 1-3. The prognostic significance of EGFR overexpression 
in EOC is not clear. Similarly, HER2 overexpression in ovarian cancer 
varies widely with overexpression rates reported in 20% to 30% of cases 4. 
The VEGF family of proteins is a main regulator of angiogenic process that is 

essential for tumor growth and metastasis. Angiogenesis is also a key component 
of the normal physiologic unction of the ovaries during reproductive life. In fact, 
the maturation, growth and regression of the ovarian follicles and corpus luteum 
are highly dependent on angiogenesis. Coordinated changes in levels of VEGF 
occur during the menstrual cycle 5. There are six known VEGF proteins: VEGF-A, 
VEGF-B, VEGF-C, VEGF-D, VEGF-E, placenta-derived growth factors 1 and 
2 (PIGF). There are 3 known VEGF tyrosine kinase receptors: VEGFR-1 (FLT-
1), VEGFR-2 (KDR/FLK-1), and VEGF-3 (FLT-4). VEGF-A is the most well 
characterized member of the family; it binds to VEGFR-1 and -2 and can form 
heterodimers with VEGF-B 6. Overexpression of VEGF has been demonstrated 
in many malignancies including EOC 7,8. 

Nonreceptor Tyrosine Kinases
Nonreceptor tyrosine kinases are cytoplasmic proteins that transduce extracellular 
signals to downstream pathways that regulate cell growth and participate in 
multiple carcinogenic pathways promoting proliferation, adhesion, cell survival 
and angiogenesis. Unlike RTKs, they lack transmembrane domains and receptors 
to bind ligands. One of the first oncoproteins described, src, belongs to this family. 
Overexpression of src has been demonstrated in 93% of advanced-sage ovarian 
cancer and in more than 80% of ovarian cancer cell lines 9.

Serine-Threonine Kinases
These kinases are almost all intracellular and include raf, Akt/protein kinase 
B and mitogen activated protein extracellular regulated kinase (MEK). mTOR 
(mammalian target of rapamycin; also known as FRAP, RAFT1 and RAPT1) 
is a serine /threonine kinase involved in the regulation of a number of growth 
related cellular functions. mTOR activity seems to be regulated by PI3K/Akt. The 
PI3K/Akt pathway is upregulated in approximately 30% of ovarian cancer 10.

Targeted therapy in epithelial ovarian cancer
Many strategies are being developed to target the molecular changes described 
above. The goals are to knockdown or inhibit he function of the overexpressed 
proteins that are believed to promote tumor growth and progression. The two main 
strategies used are small molecules inhibitors and monoclonal antibodies to bind 
the ligand and/or receptor. Other approaches have included ligand-conjugated 
toxins, antisense oligonucleotides and vaccines.
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Targeting EGF and Receptors 
Small molecules such as gefitinib, erlotinib and lapatinib have been used in 
clinical trials with limited efficacy as single agent therapy. Monoclonal antibodies 
cetuximab, trastuzumab, pertuzumab have also been investigated in combination 
with chemotherapy both in the primary treatment setting as well as in patients 
with recurrent disease. The data is not sufficient to make any definite conclusions 
however most studies has shown no significant added efficacy with these drugs 
11-16.

Targeting VEGF 
Bevacizumab, the humanized monoclonal antibody that binds VEGF-A, is the first 
targeted agent to show significant activity in epithelial ovarian cancer. A number 
of phase II trials investigated bevacizumab as single agent or in combination 
with low dose chemotherapy and showed significant efficacy in recurrent ovarian 
cancer 17-19. An increased incidence of bowel perforation has been reported as a 
treatment associated toxicity. Currently bevacizumab is being investigated in the 
setting of primary therapy in combination with chemotherapy. There are two large 
phase III randomized trials being conducted in the US and in Europe looking at 
the combination of bevacizumab with paclitaxel and carboplatin in the primary 
treatment of advance stage EOC. 
Aflibercept, also known as VEGF trap, is a fusion protein of the extracellular ligand-
binding domains of VEGFR-1 and VEGFR-2 fused to the Fc portion of immunoglobulin 
IgG1. It binds VEGF-A, VEGF-B and PIGF-1 and -2. It has shown promising 
activity as a third or fourth line therapy in patients with recurrent advanced EOC 20. 
Sorafenib, initially developed as raf inhibitor, has also been found to inhibit VEGFR-
2 and -3, FLT-3, c-kit and PDGFR-b. Early data have shown promising activity in 
recurrent ovarian cancer when used in combination with gemcitabine21.  A number 
of other inhibitors are being investigated as monotherapy or in combination with 
chemotherapy in EOC. These include cediranib, sunitinib and pazopanib.

Targeting src
In ovarian cancer cell lines, src inhibition has been shown to enhance taxane-
mediated toxicity. It has also exhibited a potent antiangiogenic activity. Currently, 
the src inhibitor, dasatinib, is being investigated in combination with carboplatin and 
paclitaxel in a phase I trial including patients with advanced stage ovarian cancer

Targeting mTOR
The mTOR inhibitors, everolimus and temsirolimus, are being investigated as 
single agent as well as in combination with chemotherapy in patients with recurrent 
EOC.
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