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Abstract: Molecularly targeted therapy is relatively new to ovarian cancer despite the 

unquestionable success with these agents in other solid tumours such as breast and 

colorectal cancer. Advanced ovarian cancer is chemosensitive and patients can survive 

several years on treatment. However chemotherapy diminishes in efficacy over time whilst 

toxicities persist. Newer biological agents that target explicit molecular pathways and lack 

specific chemotherapy toxicities such as myelosuppression offer the advantage of long-

term therapy with a manageable toxicity profile enabling patients to enjoy a good quality 

of life. In this review we appraise the emerging data on novel targeted therapies in ovarian 

cancer. We discuss the role of these compounds in the front-line treatment of ovarian 

cancer and in relapsed disease; and describe how the development of predictive clinical, 

molecular and imaging biomarkers will define the role of biological agents in the treatment 

of ovarian cancer. 
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1. Introduction 

Ovarian cancer is a leading cause of cancer mortality being the most frequent cause of death from 

gynaecological cancer, and the fourth most frequent cause of death from cancer in women in Europe 

and the USA. In 2002, there were an estimated 204,000 new cases of ovarian cancer and 125,000 
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deaths due to this disease worldwide. The incidence rates of ovarian cancer are highest in the Western 

world, where it is the leading cause of death from gynecological malignancies [1,2]. 

The 5 year survival rate of ovarian cancer ranges from 30% to 92%, depending on the stage at 

diagnosis [2]. Seventy-five percent of ovarian cancer patients present with evidence of metastatic 

spread beyond the ovaries and require combined surgery and chemotherapy [3]. The relapse rate in 

early stage ovarian cancer ranges between 10%–40% whilst more than 50% of patients with advanced 

disease will eventually progress. Only 10%–30% of such patients attain long term survival with a 

median progression-free survival of 18 months [4–8]. 

Frontline treatment with a platinum-paclitaxel combination is the internationally accepted standard 

of care in chemo-naïve advanced or recurrent ovarian cancer. At relapse, platinum compounds remain 

the mainstay of treatment. In platinum-sensitive disease i.e. where the treatment-free interval (TFI) is 

more than 6 months the response rates can be greater than 50%, but it is only 10–20% for platinum-

resistant disease (TFI <6 months) and less for platinum-refractory disease where the disease progresses 

on treatment. The latter are therefore usually treated with other non-platinum agents, such as liposomal 

doxorubicin, gemcitabine, topotecan, etoposide and hormonal therapies [9]. 

A greater understanding of tumour biology and molecular pathways that mediate cancer progression 

and drug resistance has led to the development of various molecular targeted therapies such as 

monoclonal antibodies, small molecule receptor tyrosine kinase inhibitors and agents blocking 

downstream signalling pathways. The development of molecular-directed therapies received a 

tremendous boost with the confirmation of efficacy of imatinib in GISTs [10], of bevacizumab in the 

first-line treatment of metastatic colorectal cancer [11–12] and other solid tumours such as breast [13] 

and lung [14], of sorafenib in liver [15] and renal cell carcinomas [16], and also of sunitinib in renal 

cell carcinomas [17]. This review focuses on the recent developments with new biological agents in 

the treatment of advanced and recurrent ovarian carcinoma. 

2. Antiangiogenic Therapy in Ovarian Cancer 

Angiogenesis is essential for normal ovarian physiological processes such as follicle maturation and 

the development of corpus luteum during normal ovulation. Pathological neoangiogenesis on the other 

hand is a key factor in the growth and development of ovarian tumours. Epithelial ovarian cancer over-

expresses vascular endothelial growth factor (VEGF) and other proangiogenic proteins like platelet-

derived growth factor (PDGF) and angiopoietin. Increased microvessel density and over-expression of 

VEGF and its receptor have been correlated with aggressive clinical features, formation of ascites and 

poor outcome. Conversely, in animal models it has been shown that VEGF blockade inhibits ascites 

formation and slows ovarian cancer growth [18–22]. 

Antiangiogenic therapies inhibit new blood vessel growth, induce endothelial cell apoptosis, block 

the incorporation of haematopoietic and endothelial progenitor cells into new blood vessels, and 

normalize the vasculature [23]. These effects are mediated by the binding of VEGF to the vascular 

endothelial growth factor receptors (VEGFR), inhibiting receptor tyrosine kinase activation and 

downstream molecules, or occluding fragile tumour vasculature by vascular disrupting agents [24,25]. 

Due to its central role in tumour angiogenesis, the VEGF/VEGFR axis has been identified as a prime 

target in novel anticancer drug development. 
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2.1. Bevacizumab (Avastin) 

Bevacizumab (Avastin, Genentech) is a 149-kDa recombinant humanized monoclonal IgG1 

antibody directed against human VEGF. In preclinical models of ovarian cancer, a VEGF-targeted 

antibody alone had minimal effect on tumour burden, but markedly decreased ascites [26]. However, 

in combination with paclitaxel, tumour burden along with ascites was significantly decreased [27]. 

Similarly, in an ovarian cancer xenograft these results were reproduced in combination with cisplatin, 

and continuation of bevacizumab after induction chemotherapy significantly delayed recurrence and 

prolonged survival suggesting a role as maintenance therapy [28]. Bevacizumab has been evaluated as 

a single agent as well as in combination with chemotherapy in patients with ovarian cancer in a 

number of clinical trials, summarized in Table 1 [29–34]. 

Table 1. Phase II trials of antiangiogenic agents in ovarian cancer. 

Regimen Dose 
Patient 

Number 

Platinum 

sensitivity 

(%) 

Response by RECIST 

(%) 

Median Survival 

(months) 

Partial 

Response 

Stable 

Disease 
PFS OS 

Bevacizumab 

Cannistra et al., 2007[29] 
15 mg/kg q3w 44 0 16 61 4.4 10.7 

Bevacizumab 

Burger et al., 2007 [32] 
15 mg/kg q3w 62 58 21 (CRR) 52 4.7 17 

Bevacizumab + 

cyclophosphamide 

Garcia et al., 2008 [33] 

10 mg/kg q2w 

50 mg/d 
70 60 24 63 7.2 16.9 

Bevacizumab + 

Cyclophosphamide 

Chura et al., 2007 [39] 

10 mg/kg q2w 

50 mg/d 
15 0 

53 (13 

CRR) 
20 3.9 NR 

Bevacizumab + 

carboplatin +  

paclitaxel  

Micha et al., 2007 [40] 

15 mg/kg q3w 

AUC 5 q3w 

175 mg/m2 

q3w 

20 First line 80 (CRR) 5 NR NR 

Bevacizumab + 

carboplatin +  

paclitaxel 

Campos et al., 2007 [41] 

15 mg/kg q3w 

AUC 5 q3w 

175 mg/m2 

q3w 

58 First line 75 NR 11 NR 

Aflibercept 

Tew et al., 2007 [43] 

2 or 4 mg/kg 

q2w 
162 0 11 NR NR NR 

RECIST (Response Evaluation Criteria in Solid Tumors); PFS: progression free survival;  

OS: overall survival; NR: not reported; CRR: complete response rate. 

2.1.1. Single Agent Bevacizumab in Patients with Recurrent Ovarian Cancer 

Single agent bevacizumab has been evaluated in the treatment of patients with recurrent ovarian 

carcinoma in two phase II clinical trials at a dose of 15 mg/kg administered every 3 weeks in patients 

who had received one to three previous chemotherapeutic regimens [29,32], Table 1. Observed 
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response rates were 16%–21% with a median progression free survival of 4.4 and 4.7 months 

respectively. Clinical activity was independent of platinum sensitivity (the Cannistra study only 

recruited patients with platinum-resistant disease [29], while the Burger study was open to patients 

with both platinum-resistant and platinum-sensitive disease [32]). These results are notable because, 

apart from renal carcinoma, ovarian cancer is the only epithelial tumour type in which single agent 

bevacizumab has been shown to produce clinically significant activity.  

2.1.2. Bevacizumab in Combination with Chemotherapy in Patients with Recurrent Ovarian Cancer 

Cytotoxic chemotherapy is conventionally administered at a dose close to its maximum tolerated 

dose, with breaks to allow the recovery of normal tissues. Chemotherapy at this dose does kill 

proliferating vascular endothelial cells, but recovery happens rapidly. In animal models, lower doses of 

chemotherapy for example, paclitaxel, vinorelbine and cyclophosphamide given frequently 

(metronomic dosing) target proliferating endothelial cells leading to their apoptosis with few side 

effects and no significant direct tumour cytotoxicity [35–37].  

Metronomic docetaxel chemotherapy in combination with AEE788, (a combined EGFR and 

VEGFR inhibitor), has shown encouraging activity in an orthotopic mouse model of ovarian cancer 

utilising a cell line resistant to conventional chemotherapy dosing [38]. This approach has also been 

explored in two phase II clinical trials of bevacizumab (10 mg/kg, every 2 weeks) and metronomic oral 

cyclophosphamide (50 mg daily) [33,39], Table 1. Promising clinical activity was demonstrated in 

both trials and in the study by Chura et al. [39] a response rate of 53% was observed (two patients had 

a complete response, six patients a partial response) in a heavily pretreated population (median number 

of previous chemotherapy regimens 8).  

A multi-institutional retrospective evaluation of factors predictive of toxicity and efficacy of 

bevacizumab in patients with recurrent ovarian cancer was performed by Wright et al. [34]. Single-

agent bevacizumab was administered to 12 patients, while 50 received the drug in combination with 

cytotoxic agents. The addition of a cytotoxic agent to bevacizumab improved objective response rates 

(43% vs. 10%, p = 0.07) at the cost of increased toxicity. Grade 3–5 toxicities occurred in 15 (24%) 

patients, including hypertension (7%), gastrointestinal perforations (7%), and chylous ascites (5%). 

Gastrointestinal perforations occurred in heavily pretreated patients who were responding to therapy. 

Development of chylous ascites and gastrointestinal perforations appeared to correlate with tumor 

response. The overall response rate was 36%, with stable disease in 40%. The GOG 213 study aims to 

recruit 1,600 patients in a bifactorial design of carboplatin and paclitaxel alone or in combination with 

bevacizumab followed by bevacizumab and secondary cytoreductive surgery in platinum-sensitive, 

recurrent ovarian, fallopian tube and primary peritoneal carcinoma. 

2.1.3. Bevacizumab combination with Carboplatin and Paclitaxel in the first-line setting 

In chemotherapy-naïve patients with advanced ovarian carcinoma, carboplatin/paclitaxel and 

bevacizumab produced a response rate of 75%–80% with acceptable toxicity [40,41], Table 1. Two 

large randomised Phase III trials are evaluating the benefit of adding bevacizumab to carboplatin and 

paclitaxel in the first-line setting: GOG 218 and ICON7. The primary objective of GOG 218 is to 

evaluate the impact on overall survival of 5 concurrent cycles of bevacizumab (15 mg/kg q3w) with 6 
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cycles of carboplatin and paclitaxel, when compared with 6 cycles of carboplatin and paclitaxel in 

women with newly diagnosed stage III and IV epithelial ovarian and peritoneal primary cancer. 

Bevacizumab is omitted with the first cycle of chemotherapy in order to reduce the risk of wound-

healing complications. This study also evaluates if maintenance bevacizumab for 16 cycles beyond the 

6 cycles of standard carboplatin and paclitaxel improves survival when compared with 6 cycles of 

carboplatin and paclitaxel. ICON7 has a similar design, without the placebo maintenance arm and with 

bevacizumab at a dose of 7.5 mg/kg q3w. It also includes patients with high risk early stage ovarian 

cancer (FIGO stage I clear cell or grade 3) as well as advanced stage patients. The different dosing 

schedules in these trials will hopefully address the question of whether a 5 mg/kg/week dose level is 

appropriate (utilized in most ovarian cancer studies, Table 1), or whether a lower dose is just as 

effective. At present, there does not appear to be any evidence to suggest a dose response effect with 

bevacizumab in ovarian cancer. This correlates with a phase II trial in metastatic colorectal cancer 

which used two dosing schedules of bevacizumab (5 mg/kg q2w and 10 mg/kg 2qw) with 

fluorouracil/leucovorin, and showed no significantly significant difference in overall survival between 

the two dosing schedules compared with control [42]. Bevacizumab regimens in other solid tumours 

e.g. lung, breast, and renal cancer have also employed varying dosing regimens. 

2.2. Other anti-VEGF Agents 

2.2.1. Aflibercept 

One of the most effective ways to block the VEGF signalling pathway is to prevent VEGF from 

binding to its normal receptors by administering decoy VEGF receptors. Aflibercept (VEGF Trap), is 

one such soluble decoy receptor. It is a fusion protein containing the VEGF-binding domains of both 

VEGFR-1 and -2 linked through the Fc region of human IgG1 and is a potent inhibitor of VEGFA. In a 

Phase II double-blind study of patients with platinum-resistant ovarian cancer, 162 patients were 

treated at two dose levels of 2 mg/kg or 4 mg/kg every 2 weeks. Independently assessed response rates 

were 11%. Side-effects were reassuringly typical of this class of drugs with hypertension being the 

most common [43]. However given the modest response rate, it is unlikely single agent aflibercept will 

have major role in the treatment of ovarian cancer. 

2.2.2. Receptor Tyrosine Kinase Inhibitors 

Activated receptor tyrosine kinases (TKIs) phosphorylate numerous signalling molecules activating 

downstream signal transduction pathways leading to tumour cell proliferation and survival. These 

phosphorylation dependent mechanisms are essential for promoting the activity of growth factors like 

VEGF and PDGF. Blocking phosphorylation by targeting the intracellular component of tyrosine 

kinase thereby inhibiting the biological activity of VEGF is therefore an effective antitumour strategy. 

Promising results from several phase II trials investigating single agent small molecule TKIs, that target 

VEGFR in relapsed ovarian cancer are summarized in Table 2. These include sunitinib, cediranib, 

sorafenib, pazopanib, and imatinib [44–50]. The experience with imatinib, a PDGFR and c-Kit inhibitor, 

was however disappointing with minimal demonstrable activity as a single agent [45,46]. This may reflect 

redundancies in signalling pathways and activation of other mechanisms like the Akt pathway. With other 
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compounds, objective response rates of 10%–15% have been observed. Most toxicities are dose-dependent; 

tiredness, diarrhoea and lethargy being common (Table 3). Given the convenience of oral administration, it 

is likely these drugs will have a key role as maintenance therapy in advanced ovarian cancer. The 

development of effusions in patients on Sunitinib during a planned two-week treatment break is likely due 

to sudden release of VEGF inhibition, and also supports a continuous dosing strategy [44]. 

Table 2. Phase II trials of oral VEGFR tyrosine kinase inhibitors in relapsed ovarian cancer. 

Regimen Dose Patient Number 
Platinum 

Resistant (%) 

Efficacy (%) 

(CR+PR+SD) 

Sunitinib  

Biagi et al., 2008 [44] 

50 mg o.d. 28 days, 

6-weekly cycle 
17 NR 71 

Cediranib  

Matulonis et al., 2008 [45] 

45 mg o.d. reduced 

to 30 mg o.d. (n=18) 
29 (27 evaluable) 57 30 

Sorafenib 

Matei et al., 2008 [46] 
400 mg b.i.d. 73 (59 evaluable) NR 37 

Pazopanib  

 

Friedlander et al., 2007 [47] 

800 mg o.d. 17 (15 evaluable) 26 

27 

47 (CA-125 

response) 

Imatinib 

Coleman et al., 2006 [48] 
600 mg o.d. 28 100 33 

Imatinib 

 

Posadas et al., 2007 [49] 

400 mg b.i.d. 

16 patients dosed at 

600 mg o.d 

23 NS 9 

Cediranib 

 

Hirte et al., 2008 [50] 

45 mg o.d. reduced 

to 30 mg o.d. (n=8) 

and 20 mg o.d. (n=8) 

60 57 70 

NR: Not reported; o.d. once a day; b.i.d. twice a day; PR: partial response; PS: performance status. 

Table 3. Toxicity profile of antiangiogenic agents. 

Regimen Reference Toxicities (CTCAE) 

Bevacizumab Cannistra et al., 2007 [29] 
16% proteinuria, 11% GIP, 9% HT, 7% ATE, 5% pain, 

5% fatigue 

Bevacizumab Burger et al., 2007 [32] 10% HT, 0% GIP 

Bevacizumab + 

cyclophosphamide 
Garcia et al., 2008 [33] 11% HT, 16% proteinurea, 6% GIP 

Bevacizumab + carboplatin 

+ paclitaxel (first line) 
Micha et al., 2007 [40] 

48% NP, 10% HT, 10% VTE (1 prior to bevacizumab, 1 

with portacath), 10% neuropathy 

Bevacizumab + carboplatin 

+ paclitaxel 
Campos et al 2007 [51] 22% NP, 16% VTE, 4% HT, 8% pain, 3% GIP 

Aflibercept Tew et al 2007 [43] 18% HT, 1% GIP 

Cediranib Matulonis et al., 2008 [45] HT (45%), fatigue (17%), diarrhoea (10%) 

Imatinib Coleman et al., 2006 [48] Fatigue (17%), Nausea and vomiting (7%) Ascites (7%) 

Imatinib Posadas et al., 2007 [49] 
26% ascites, 17% pleural effusion, 13% fatigue, 13% 

cytopenia 
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Table 3. Cont. 

Cediranib Hirte et al., 2008 [50] HT(33%), fatigue (20%) 

Sunitinib Biagi et al., 2008 [44] 
Fatigue, hand – foot syndrome, neutropenia, 

Thrombocytopenia, pleural effusion. 

Sorafenib Matei et al., 2008 [46] Rash (17%), metabolic, (15%), gastrointestinal (4%) 

Pazopanib Friedlander et al., 2007 [47] Diarrhoea (12%), ALT elevation (12%) 

Bevacizumab + sorafenib Azad et al., 2008 [51] 26% HT, 8% GIP, 5% proteinurea, 11% LFT abnormality 

CTCAE, Common Toxicity Criteria of Adverse Events; HFS: hand–foot syndrome; GIP: gastrointestinal 

perforation; HT: hypertension; ATE: arterial-thrombotic events; LFT: liver function abnormality; NP: 

neutropenia; VTE: venous thrombo-embolism events; NV: nausea or vomiting. 

2.3. Combination Anti-VEGF and Multi-target Therapy 

Vertical blockade by inhibition at different points in the VEGF signalling pathway has been mooted 

as a strategy to enhance efficacy. This was explored in a phase I study of sorafenib and bevacizumab 

which demonstrated durable partial disease responses in 6 of 13 ovarian cancer patients recruited. 

Unexpectedly, toxicity was substantially higher than that with single-agent anti-VEGF therapy, with 

two thirds of the patients developing hypertension and 79% incidence of grade 1–3 hand–foot 

syndrome. Enteral fistulae were also seen in 2 of the 13 ovarian cancer patients in the study [51].  

EGFR and VEGF share common downstream signalling pathways. VEGF is down-regulated by 

EGFR inhibition, and conversely blockade of VEGF may also inhibit EGFR autocrine signalling [52]. 

Dual blockade of these two molecular targets was therefore hypothesized to produce a synergistic 

effect. However two fatal bowel perforations amongst thirteen recruited patients associated with a 

higher than expected incidence of grade 3 diarrhoea lead to the premature termination of a phase II 

study of combination bevacizumab and erlotinib in patients with recurrent ovarian cancer [53]. Poorer 

outcomes and increased toxicity with combination biological therapy have also been reported in other 

solid tumours and led to the early termination of a front-line study with bevacizumab and 

panitumumab in metastatic colorectal cancer [54]. An awareness of the likelihood of increased toxicity 

with new combinations of novel agents is necessary going forward with the next generation of clinical 

trials with molecularly targeted agents. Table 3 outlines the different side effects observed for several 

different antiangiogenic agents and combination therapies. 

An approach that combines bevacizumab and a Vascular Disrupting Agents (VDA) was explored as 

preclinical data provide evidence for synergy between a VDA, which induces a surge in  

VEGF-stimulated circulating endothelial progenitor cells, and bevacizumab, which suppresses this 

VDA-induced effect. No additive toxicity was seen in phase I study of bevacizumab and a VDA 

combretastatin 4A phosphate [55,56]. 

2.4. Vascular Disrupting Agents 

Vascular disrupting agents (VDAs) target endothelial cells and pericytes of the already established 

tumour vasculature, resulting in tumour ischemia and necrosis. VDAs have been divided into two 

types: ligand-directed VDAs and small molecules. Ligand-directed VDAs consist of targeting and 

effector moieties that are linked together. Their clinical efficacy appears limited because of cost and a 
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lack of specificity and toxicity. Small molecules include two classes: the synthetic flavonoids, which 

work through induction of local cytokine production, and the tubulin-binding agents [57]. 

Combretastatin, a tubulin-binding agent has shown synergistic activity when administered in 

combination with chemotherapy in ovarian cancer xenografts. A phase II study of combretastatin in 

combination with carboplatin and paclitaxel was reported at the American Society for Clinical 

Oncology 2009 meeting [58]. Toxicity was manageable, notably cardiac toxicity was minimal and 

hypertension was easily controlled on medication. The modest response rate – 14% however suggests 

this combination is unlikely to progress further. 

2.5. Safety Profile of Antiangiogenic Agents 

Bevacizumab is associated with several well recognized toxicities including hypertension, proteinuria 

and minor bleeding. More serious, but rarer events, are arterial thrombosis, impaired wound healing, 

major bleeding, gastrointestinal perforation (GIP), reversible posterior leukoencephalopathy and 

tracheo-oesophageal fistulae. A metaanalysis of all prospective randomized studies of bevacizumab in 

solid tumors showed the risk of GIP to be 0.9% with a mortality of 21.7% [59]. Incidence in ovarian 

cancer appears to be higher with combined data from several nonrandomised series putting the risk of 

GIP with bevacizumab in ovarian cancer at 5.4% (nearly twice the risk in colorectal cancer 3.1%), [60]. 

However, GIP risk in individual studies varies from 0–15% and does not appear to be a dose-related 

effect or related to the addition of chemotherapy. The aetiology of GIP with bevacizumab in ovarian 

cancer remains obscure, but advanced disease is associated with diffuse peritoneal and serosal bowel 

involvement impairing bowel motility and blood supply. Additionally, chronic subacute bowel 

obstruction and poor nutrition predisposes patients to higher risk of GIP. The clear inference is that 

bevacizumab is not best suited for ovarian cancer patients with extensive serosal disease and patients at 

risk of bowel obstruction. 

Hypertension is a side-effect noted with bevacizumab and other small molecule TKIs. A metaanalysis 

of randomized controlled trials with patients receiving bevacizumab showed a relative risk of 3.0 for 

hypertension at low doses (2.5–7.5 mg/kg) and 7.5 for high doses (10–15 mg/kg); and for proteinuria 

1.4 at low doses and 1.6 for higher doses [61]. There is no consistent correlation between duration of 

bevacizumab treatment and development of hypertension, with the median time to development of 

hypertension 131 days for bevacizumab [62] and days to weeks for oral TKIs [63]. In most cases, 

blood pressure returns to baseline following discontinuation of therapy. Oral TKIs have been noted to 

cause gastrointestinal effects, principally diarrhoea. Rarely, hypothyroidism has been observed. Table 3 

outlines the different side effects observed for several different antiangiogenic agents. 

3. Epidermal Growth Factor Receptor 

The epidermal growth factor receptor (EGFR, also named ErbB1) is a tyrosine kinase receptor of 

the ErbB family (ErbB1-4) that is abnormally activated in many epithelial tumours. Receptor 

activation leads to recruitment and phosphorylation of several downstream intracellular substrates, 

leading to mitogenic signalling and other tumour-promoting cellular activities. In human tumours, 

receptor overexpression correlates with a more aggressive clinical course. Taken together, these 

observations indicate that the EGFR is a promising target for cancer therapy. The two main classes of 
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compounds specifically targeting EGFR include low-molecular weight Tyrosine Kinase Inhibitors 

(TKIs) and anti-EGFR monoclonal antibodies (MAbs) and these are at different stages of 

development, summarized in Table 4.  

Table 4. Anti-EGFR Monoclonal Antibodies and low-molecular weight Tyrosine Kinase 

Inhibitors (TKIs) in patients with ovarian cancer. 

Reference Regimen 
Patient 
Number 

Phase RR (%) 
SD 
(%) 

PFS 
(mo) 

Side effects- G3/4 toxicity 

A: Anti-EGFR Monoclonal Antibodies: Anti-Human Epidermal Growth Factor Receptor 2 (Her-2)/neu 

Bookman et 
al., 2003 
[75] 

Trastuzumab 
(4 mg/kg loading, 
2 mg/kg q7d) 

41 II 7.3 39 2 
Gastrointestinal, 6%; 
neuropathy, 9% and fatigue, 
8% 

B. Anti-EGFR Monoclonal Antibodies: Anti-Human Epidermal Growth Factor Receptor 1 (anti 
ErbB1/EGFR/HER1) 

Agus et al., 
2005 [119] 

Pertuzumab 
(0.5–15 mg/kg 
q3w) 

21 
(3 ovarian 

cancer) 
I 10 (33) 

29 
(33) 

NS 
(10) 

Abdominal pain 14%, 
dyspnoea 10% , vomiting 5%, 
nausea 5%, diarrhoea 5%  

Seiden et 
al., 2007 
[68] 

Matuzumab/EMD 
72000 
800 mg q7d 
 

37 II 0 16 54 

Nausea 6%, headache 3%, 
abdominal pain 3%, diarrhoea 
3%, vomiting 3%, myalgia 
3%, acute pancreatitis 3%, 
intestinal obstruction 3%,  

Aghajanian 
et al., 2005 
[71] 

Cetuximab 400 
mg/m2 loading 
then 250 mg/m2 
q7d (+ paclitaxel 
175 mg/m2 and 
carboplatin AUC6 
q3w) 

17 
Chemo-naïve, 
stage III-IV 

II 87 (uCR)  NR 
Febrile neutropenia (12%), 
diarrhea (6%), and 
hypersensitivity (6%) 

C. Small molecule EGFR TKIs
Finkler et 
al., 2001 
[70] 

Erlotinib 150 mg 
o.d. 

34 
refractory to 
taxane- and/or 
platinum-
therapy 

II 9 
44 
(U) 

NR 
Acneiform rash 88%, diarrhea 
4%. 

Vasey et 
al., 2004 
[120] 

Erlotinib 50–150 
mg o.d. 
(+docetaxel 75 
mg/m2 and 
carboplatin AUC5 
q3w) 

39 with  
surgical 
cytoreduction 
but chemo-
naïve, 18 
evaluable 

Ib 
61 (18 
evaluable 
patients) 

NR NR 
Skin rash 33%, diarrhea 8%, 
Plantar-palmer erythro-
dysesthesia (PPE) 8% 

Blank et 
al., 2006 
[121] 

Erlotinib 150 mg 
o.d. (paclitaxel 
175 mg/m2 and 
carboplatin AUC6 
q3w) 

47 (29 
optimal 
cytoreduction 
[Op], 
18 sub-
optimal [S]), 
all chemo-
naïve 

II 

53 had 
pCR in 
the Op 
group, 
28had 
good 
response 
in the S 
group 

NR NR 
skin rash (grade was not 
reported) 

Slomovitz 
et al., 2006 
[122] 

Gefitinib 250 mg 
o.d.(+ topotecan 
2–4 mg/m2 d1, 8, 
15 q28d) 
 

13 
(measurable 
disease after 
platinum + 
paclitaxel) 

I 
0 (11 
evaluable 
patients) 

36 NR Thrombocytopenia 17% 
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Table 4. Cont.  

Reference Regimen 
Patient 

Number 
Phase RR (%) 

SD 
(%) 

PFS (mo) 
Side effects- G3/4 

toxicity 

C. Small molecule EGFR TKI 

Hariprasad 
 et al., 
2006 [123] 

Gefitinib 
250 mg o.d. 

32 
advanced and 
recurrent 
epithelial 
ovarian 
carcinoma 

II NR NR 
56 (at 6 
months) 

Skin rash 16 %,  

Mavroudis 
et al., 2004 
[124] 

Gefitinib 250 
mg o.d.(+ 
vinorelbine 20–
25 mg/m2 and 
oxaliplatin 40–
50 mg/m2) 

33 
recurrent or 
refractory 
ovarian cancer I/II 48 NR 

4.1 (CDDP-
sensitive 
8.6 (CDDP-
resistant) 

Neutropenia 48%, 
febrile neutropenia 
12%, anemia 3%, 
diarrhea 9%, 
neurotoxicity 3%, 
rash 3% and 
transaminitis 3%. 

Krasner et 
al., 2005 
[125] 

Anastrazole 1 
mg o.d.and 
gefitinib 250 
mg o.d. 

35,  
asymptomatic 
recurrent 
mullerian 
cancer 

II 

4 (CR), 
(23 
evaluable 
patients) 

61 NR 
Rash 3%, diarrhea 
3% 

Minami et 
al., 2004 
[126] 

Lapatinib 900–
1800 mg/day 
Dual ErbB1 
(EGFR) and 
ErbB2 (HER2) 
TKI 

24, patients 
with solid 
tumours 
including 
cervical and 
ovarian 
cancers 

I 8 50 NR 
Diarrhea 33%, 
elevation of GGT 
33%.% 

Campos et 
al., 2007 
[127] 

Canertinib 
50 or 200 mg 
o.d for 21 days 
q28d 
Pan-ErbB TKI 

105 
Platinum 
resistant 
patients  

II 0 

28 
(50 
mg) 
34 
(200 
mg)  

0 and 9 (1-year 
PFS in 50 and 
200 mg dose 
respectively) 

G2/3 toxicities: 
diarrhea 85%, 
stomatitis 69%, rash 
58%.  

RR: response rate, SD: stable disease, CDDP: cisplatin; PFS: progression free survival; mo: months; U: 

Unconfirmed; uCR: unconfirmed complete response; CR: complete response; PR: partial response. NR: not 

reported; o.d. once daily; GGT: Gamma glutamyl transpeptidase  

 

EGFR is overexpressed in a high proportion of ovarian carcinomas [64,65]. Following positive 

results in human xenograft models which showed potentiation of cytotoxicity when anti-EGFR agents 

were administered with chemotherapy [66], several studies investigated monoclonal antibodies such as 

cetuximab and matuzumab and oral receptor tyrosine kinase inhibitors of EGFR like gefitinib and 

erlotinib in ovarian cancer [67–69]. In relapsed platinum-resistant ovarian cancer single agent therapy 

was associated with modest response rates of under 10% [70] although higher response rates were 

noted when combined with chemotherapy in platinum-sensitive patients and in first-line therapy [71]. 

Common toxicities observed include fatigue, skin rash and GI toxicities, Table 4. A GCIG intergroup 

study of erlotinib maintenance versus observation in patients with high risk stage I and stage II–IV 

epithelial ovarian cancer completed recruitment in 2008 and results are awaited. 

Biomarker driven anti-EGFR therapy is now established in metastatic colorectal cancer with the 

discovery that tumours with mutated KRAS do not respond to anti-EGFR therapy [72]. This, as yet, 
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has not been explored with anti-EGFR therapy in ovarian cancers although the KRAS pathway is 

implicated in ovarian tumorigenesis particularly in low grade serous and mucinous carcinomas [73]. 

Interestingly, subset analysis of ovarian cancer patients treated with gefitinib suggests the likelihood of 

response to be related to the presence of a mutation in the catalytic domain of EGFR as previously 

described in lung cancer. However the mutation appears to be a rare event being found in only 3% of 

the study population [74]. Likewise ErbB2 (also named HER2) overexpression is found in only a 

minority of ovarian carcinomas (5%). There is nonetheless no correlation between ErbB2 overexpression 

and response to trastuzumab, an ErbB2 monoclonal antibody. In a study of 837 patients with recurrent 

or chemorefractory ovarian cancer treated with trastuzumab, a response rate of 7% was obtained in 47 

patients with ErbB2 overexpressing tumours [75]. Pertuzumab, another humanised monoclonal 

antibody that inhibits dimerization of ErbB2 with other EGFRs has shown unexceptional activity in 

recurrent ovarian carcinoma with response rates under 5% when administered as a single agent [76]. 

Nevertheless a post hoc analysis of the results of a completed randomized Phase II trial of gemcitabine 

with or without pertuzumab in patients with platinum-resistant ovarian cancer suggests that low ErB3 

levels (also named HER3) may mark a group of women who may benefit from the addition of 

pertuzumab to chemotherapy [77]. 

4. PARP Inhibitors 

Poly (ADP-ribose) polymerase (PARP) is a key enzyme involved in the surveillance and 

maintenance of genomic integrity (reviewed in [78]). It functions as both a molecular sensor of DNA 

damage (resulting from interruption of the sugar-phosphate backbone or from base injury) and 

following its detection, efficiently recruits partner proteins to repair damage by the single-strand break 

repair (SSBR) and base excision repair (BER) pathways [79]. PARP inhibition results in the 

accumulation of DNA single-strand breaks which convert into DNA double-strand breaks (DSBs) In 

normal cells, DSBs are effectively repaired. However, tumour cells that are deficient in the tumour 

suppressors BRCA1 and BRCA2 proteins, which are important for efficient repair of DSBs by 

homologous recombination repair, use alternative DNA repair pathways such as base excision repair to 

compensate for nonfunctional homologous recombination [80,81]. Therefore, PARP inhibitors may 

selectively kill tumour cells, exploiting the concept of synthetic lethality by combining base excision 

repair inhibition with defective homologous recombination DNA repair pathway. In fact, PARP 

inhibition can also sensitise non-neoplastic BRCA2-deficient cells, potentially allowing use as a 

prophylactic treatment in women that are heterozygous for the BRCA2 gene [82].  

Olaparib (AZD2281, KU-0059436; AstraZeneca) is an potent, orally active, small-molecule PARP 

inhibitor which inhibits PARP1 and PARP2 with a mean IC50 of 2 nM [83]. Preclinical studies 

confirmed that olaparib induces synthetic lethality in homologous recombination repair defective cells, 

including BRCA-deficient tumours [81]. BRCA-deficient cells were up to 1000-fold more sensitive 

than wild-type cells to PARP inhibition. Conversely, cells heterozygous for BRCA mutations with an 

intact homologous recombination function exhibited a similar lack of sensitivity to PARP inhibitors as 

wild-type cells. Collectively, this data suggests that a therapeutic index for anti-tumour therapy may 

exist in BRCA-associated ovarian cancer, with preferential lethality of tumour cells [81,84]. 
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The Phase I trial of olaparib was inclusive of patients with a wide range of drug-resistant cancers for 

the escalation phase [85]. After the maximum tolerated dose (MTD) was defined, the dose expansion 

phase was enriched with patients carrying BRCA1 or BRCA2-deficient ovarian tumours. Olaparib was 

well tolerated with mainly grade 1–2 gastrointestinal toxicities of nausea, vomiting, dysgeusia (loss of 

taste), anorexia, diarrhoea and constipation. Other toxicities included fatigue and one patient had a 

dose-limiting neurocognitive toxicity. Little myelosuppression was observed. Pharmacokinetics were 

dose-proportional up to 200 mg bd and pharmacodynamic studies showed significant PARP1 

inhibition in both tumour tissues and surrogate tissues (mainly peripheral blood mononuclear cells) at a 

dose levels of 100mg twice daily and higher. The MTD was identified as 400 mg bd. Thirty-two 

patients with BRCA-deficient ovarian cancer (the majority of whom were platinum resistant / 

refractory) were evaluable for response. Compelling anti-tumour activity was seen in all patient groups 

receiving doses of 100 mg bd and above: fourteen partial responses (thirteen fulfilling GCIG-Ca125 

criteria and ten RECIST criteria) and eight stable diseases. 

The results of the Phase II trial, presented at ASCO 2009, primarily aimed to test the efficacy  

of olaparib in confirmed BRCA1/BRCA2 carriers with advanced chemotherapy-refractory ovarian 

cancer [86]. In this single-arm study, two sequential cohorts received continuous oral olaparib in  

28-day cycles; at the biologically effective dose of PARP inhibition of 100 mg bd and at the MTD of 

400 mg bd. At the time of interim analysis, fifty-seven patients had been enrolled (thirty-three patients 

at 400 mg bd and twenty-four patients at 100 mg bd), thirty-nine were BRCA1 deficient and eighteen 

BRCA2 deficient. The primary endpoint was objective response rate, which was reported as 33% and 

13% for the 400 mg bd and 100mg bd cohorts respectively, and the clinical benefit rate (ORR and/or 

confirmed ≥50% decline in Ca125) was 58% and 17% respectively. Toxicity was mild and similar to 

that reported in the Phase I trial: grade 1/2 nausea (44%), fatigue (35%), and anaemia (14%). Grade 3 

toxicity occurred infrequently, and comprised primarily nausea (7%) and leucopenia (5%). 

Importantly, toxicities in BRCA1/2 carriers were similar to that previously reported in noncarriers. 

Olaparib is also being evaluated in a randomized Phase II trial in comparison with pegylated liposomal 

doxorubicin in patients with BRCA-mutated ovarian cancer with a platinum-free interval of  

0–12 months. Other PARP inhibitors currently undergoing clinical development in BRCA-associated 

carriers with cancer are BSI-201 (BiPar Sciences), ABT-888 (Enzo), AG014699 (Pfizer) and  

MK4827 (MERCK). 

PARP inhibitors may also have a role in sporadic ovarian cancers with homologous recombination 

defects, which might result from nonfunctional proteins rendering these cells sensitive to PARP 

inhibition [84]. These sporadic tumours behave like BRCA1 and BRCA2 deficient tumours but do not 

possess germ line mutations in either gene. Despite the genetic disparity, the similarities in behaviour 

between these sporadic tumours and BRCA1 and BRCA2 deficient tumours has been termed 

‘BRCAness’ [87]. One molecular characterization study of forty-nine ovarian cancers suggested that 

approximately 50% of patients with high-grade serous or undifferentiated ovarian cancer had loss of 

BRCA function, [88]. It was also possible to subclassify high grade serous carcinomas into three 

groups: BRCA1 loss (genetic), BRCA1 loss (epigenetic), and no BRCA1 loss based on molecular 

alterations, which potentially may be used to guide treatment and determine prognosis. Olaparib is also 

being evaluated in this setting in a randomized placebo-controlled trial of maintenance therapy in 

patients with serous (sporadic) ovarian cancer at high risk of early recurrence. However, the future of 
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personalised medicine in patients affected by ovarian cancer is dependent on the development of a 

robust qualified assay for detecting homologous recombination-defective tumours and the mechanism 

of BRCA1/2 loss. By this method patient populations can be selected molecularly, increasing the 

likelihood of clinical benefit from this targeted strategy. 

5. PI3K-PTEN-Akt-mTOR Pathway 

The PI3K-PTEN-Akt-mTOR pathway is implicated in multiple biological processes including cell 

proliferation, protein translation, autophagy, cell metabolism, cell proliferation, angiogenesis and 

prevention of apoptosis. Alterations of this signalling pathway are well documented in cancer and are 

believed to result in activation of downstream signalling pathways that drive oncogenesis [89]. For this 

reason, core components of the pathway are being targeted for anticancer therapy, and molecular 

markers identified that may be prognostic or predictive of responsiveness to therapy. In addition, the 

PI3K-PTEN-Akt-mTOR pathway mediates resistance to anticancer therapies. Combinations of 

inhibitors targeting this pathway with conventional cytotoxics, octreotide, trastuzumab or hormone 

therapy have been shown to be synergistic preclinically and in early clinical trials (reviewed in [90]). 

5.1. PI3K-PTEN-Akt-mTOR Aberrations in Ovarian Cancer 

PI3K has at least eight isoforms of catalytic subunit and seven regulatory subunits. The PI3K 

proteins implicated in tumorigenesis belong to a subclass called 1A. Genetic amplification of PIK3CA, 

which encodes p110α catalytic subunit of PI3K (Class IA catalytic subunit) have been observed in 

approximately 40% of ovarian cancers [91]. Transforming mutations and amplification result in 

increased PI3K activity, activation of Akt signalling and oncogenesis. PI3KCA mutations have been 

associated with endometrioid and clear cell ovarian histological subtypes [92], while PIK3CA 

amplification is observed in all histological subtypes.  

PI3K signalling is negatively regulated by the protein phosphatase PTEN (phosphatase and tensin 

homolog deleted on chromosome ten). PTEN can be considered as a tumour suppressor, preventing 

Akt activation through the dephosphorylation of a PI3K lipid signalling product. The elimination of 

PTEN activity (by mutation, deletion or epigenetic silencing) can lead to oncogenesis through 

activation of Akt, which in turn upregulates mTOR activity. Therefore, cancer cells deficient in PTEN 

are an attractive target for mTOR inhibitors. PTEN aberrations have been implicated in ovarian 

cancers, especially those with an endometrioid histology [93], and loss of functional PTEN occurs in 

40%–80% of patients with endometrial cancer [94]. 

Akt is an intracellular serine/threonine kinase which is a critical regulatory switch, and is believed 

to phosphorylate over 9,000 proteins (reviewed in [95]). Consequently, it has diverse roles in the 

cancer cell: tumour invasion, metastasis, cell cycle regulation, prevention of apoptosis and  

pro-angiogenesis. Three Akt isoforms have been identified, with Akt1 and Akt2 most commonly 

associated with ovarian cancer [96]. In addition to Akt activation as a consequence of PI3K or PTEN 

aberrations, VEGFR-A/VEGFR-2 triggers the antiapoptotic PI3K-PTEN-Akt-mTOR cascade. 

Therefore, inhibition of VEGF-A is both antiangiogenic and proapoptotic [97]. The anti-apoptotic role 

of Akt has also been shown to mediate chemotherapy resistance to both taxanes and cisplatin 

chemotherapy [98,99], by its interaction with survivin (an inhibitor of apoptosis protein) and by 
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blocking p53 response to apoptotic stimuli respectively. Conversely, the PI3K inhibitor LY294002 

(which prevents phosphorylation and activation of Akt) enhanced paclitaxel-induced apoptosis in vitro 

and in vivo in ovarian cancer [27]. 

Clinical trials of PI3K and Akt inhibitors have only recently commenced. However, successful 

modulation of the PI3K-PTEN-Akt-mTOR pathway for anticancer therapy has been demonstrated with 

the mTOR inhibitor rapamycin and its analogues temsirolimus (CCI-779, Torisel; Wyeth 

Pharmaceuticals), everolimus (RAD0991; Novartis) and deforolimus (AP23573; ARIAD and Merck) 

(reviewed in [90]) While clinical efficacy has been demonstrated in a range of tumour types, including 

Phase II studies in patients with advanced endometrial cancer, objective response rates have been 

modest. Preclinical studies have shown that these mTOR inhibitors are primarily cytostatic as single 

agents [100], and therefore future use may be aimed at preventing disease progression or in 

combination with chemo-radiotherapy. Several clinical trials with mTOR inhibitors are currently 

underway; i) a phase II clinical trial assessing single agent temsirolimus in ovarian, fallopian tube or 

primary peritoneal cancer ii) a phase I study in combination with topotecan in patients with 

gynaecological cancers and iii) a study of temsirolimus in patients with ovarian cancer with CA125 

only relapse investigating progression-free survival. It is also worthy of note that a new generation of 

dual mTOR inhibitors (targeting both mTOR1 and mTOR2) are currently being developed, e.g. 

BEZ2354 (Novartis, East Hanover, NJ), EX147 (Exelixis, San Francisco, CA), which may be more 

efficacious compared with first generation compounds. In addition to determining toxicity and 

efficacy, there is an urgent need to identify molecular markers that predict responsiveness, which thus 

far has been hampered by limited tissue specimens and small patient numbers achieving objective 

responses. Recently, in a small study of 41 women with ovarian tumours, dynamic contrast-enhanced 

MRI has been shown to distinguish between benign, borderline and invasive tumours and correlate 

with tumoural angiogenic status e.g. VEGFR-2 by immunohistochemistry, potentially negating the 

need for biopsy specimens and permitting more accurate response assessment [101]. 

6. Immunologic Agents 

Ca-125 is a surface glycoprotein antigen elevated in more than 95% of patients with stage III and IV 

ovarian cancers [102]. While Ca125 is also elevated in other malignancies as well as in benign 

tumours, serum levels are used to monitor response to chemotherapy and predict recurrence. 

Oregovomab (OvaRexTM, ViRexx Medical Corp., Edmonton, Canada) is a monoclonal antibody that 

stimulates a humoral immune response by strongly binding to Ca-125 forming complexes that the 

immune system recognizes as foreign [103,104]. Two Phase II studies have demonstrated a survival 

advantage following the administration of oregovomab both as a single agent and in combination with 

cytotoxic chemotherapy [105,106]. However, a larger, randomized study in 145 patients with stage 

III/IV ovarian cancer patients with a complete clinical response, who received either maintenance 

oregovomab therapy or a placebo, failed to identify any difference in time to relapse (TTR), the 

primary endpoint [107]. The failure of this study is perhaps indicative of the inability of single agent 

oregovomab to induce a substantial immune response in the maintenance setting. The magnitude of the 

immune response with maintenance immunotherapy is much lower when compared to that achieved 

with combination chemoimmunotherapy. This was demonstrated in a front-line pilot study of 



Cancers 2010, 2                            

 

 

102

oregovomab administered with carboplatin and paclitaxel [108]. Concurrent administration of antibody 

with chemotherapy was more immunogenic than delayed infusion supporting a new treatment 

paradigm that requires further investigation.  

An anti-EPCAM and anti-CD3 antibody currently undergoing clinical evaluation is catumaxomab 

(Removab®, TRION Pharma GmbH & Fresenius Biotech, Germany) which is known to kill tumour 

cells within ascitic fluid by activating T cells and accessory cells. A randomised study of 

catumaxomab in patients with malignant ascites (50% of which had ovarian cancer) demonstrated that 

patients that received intraperitoneal infusions of catumaxomab had a significant prolongation of 

puncture-free survival and puncture-free time [109]. Side effects were manageable and largely related 

to cytokine release. Ovarian cancer patients appeared to derive greater benefit than patients with 

malignant ascites from nonovarian carcinomas.  

Antifolate agents are also in clinical development. The folate transporter α-FR is overexpressed in 

90% of ovarian cancers compared with normal tissue, possibly promoting growth by increasing folate 

availability [110]. The degree of overexpression appears to correlate with the grade of the tumour. 

Farletuzumab (MORAb-003, Morphteck Inc., PA) is a humanized IgG1 antibody to α-FR, inhibiting 

the growth of cells that overexpress α-FR and activating both cell- and complement-mediated 

cytotoxicity [111]. In a Phase II study of 54 patients with platinum-sensitive disease in first relapse, 

promising signs of efficacy were shown; normalization of Ca-125 levels and longer remissions for 12 

patients [112]. BGC 945 (BTG, London), currently in preclinical development, is a potent thymidylate 

synthase inhibitor specifically transported into α-FR, and in contrast with conventional antifolates 

demonstrates less affinity for ubiquitously expressed folate transporter 1 [113]. 

7. Conclusions 

The emergence of targeted therapies offers the potential of less (different) toxicities and improved 

efficacy, both as single agents based on specific molecular aberrations, and in combination with 

conventional cytotoxics to overcome drug resistance. One key challenge is determining the best 

placement of targeted therapies within the armament of existing treatments: first-line, maintenance / 

consolidation therapy, at relapse / remission, in combination. Traditionally, novel agents are often 

combined with existing cytotoxics, such as in the ICON-7 trial in which patients with newly diagnosed 

ovarian epithelial, fallopian tube or primary peritoneal cancer receive carboplatin and paclitaxel 

chemotherapy with or without bevacizumab. Likewise the ICON 6 study is investigating the efficacy 

of cediranib, an oral VEGF receptor tyrosine kinase inhibitor with chemotherapy in relapsed platinum-

sensitive ovarian cancer. Combining targeted therapies poses the additional question of whether it is 

most efficacious to inhibit different signalling pathways (horizontal blockade) or different molecules 

within the same pathway to counteract pathway redundancy (vertical blockade). The pitfalls of 

combining targeted agents have been demonstrated in trials combining bevacizumab and sorafenib [51], 

and bevacizumab and erlotinib [53], which unexpectedly reported severe toxicities. There is also a lack 

of knowledge about the relevance of a molecular marker to an individual tumour, a phenomenon 

termed oncogene addiction [114]. For example, in colorectal cancer response to cetuximab strongly 

correlates with mutational status of KRAS but the assumption that this translates to other disease 

settings is false: EGFR mutations are not predictive of response to treatment in patients with ovarian 
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cancer [115] while in advanced gastric cancer KRAS and BRAF mutations are significantly lower, and 

also do not correlate with response to cetuximab [116]. 

In future it is unlikely that ovarian cancer will be treated as a single entity, but will instead be based 

on molecular characterisation. From the evidence presented here, patients with homologous 

recombination-defective tumours could be considered for PARP inhibitors and endometrioid subtypes 

could be candidates for PI3K-PTEN-Akt-mTOR therapies. However, it is unlikely that histological 

subtype alone will be sufficient to account for tumour molecular heterogeneity. Molecular profiling of 

the tumour and normal tissues will enable better understanding of the effects of inhibiting the target in 

tumour and host tissue. Additionally, genetic polymorphisms may significantly affect drug distribution 

and tolerance and this is being harnessed in the field of pharmacogenomics. This will enable patients to 

be selected for a treatment to which they are most likely to respond (but may also potentially deny 

biomarker negative patients a treatment from which they may benefit). In order to better understand 

molecular aberrations in ovarian cancer, clinical trials will need to mandate the collection of high 

quality reference material before, during and after treatment e.g. at disease relapse. This should not 

detract from clinical parameters and will permit correlation with toxicity and response evaluation. In 

the future, the ‘diagnostic biopsy’ will be characterised and the patient ‘profiled’ to select a treatment 

to which the patient will most likely respond. This archived material can then be compared with 

tumour tissue at disease relapse, to identify stem cells that may account for a resistant population of 

tumour cells [117]. 

Traditionally, tumour biopsies have been the gold-standard reference material used to predict 

responsiveness to a therapy. However, difficulty in obtaining samples has led to the development of 

surrogate end-points and the inclusion of pharmacodynamic endpoints in clinical trials to establish 

proof of mechanism. Optimal development requires a reliable, validated assay to evaluate target 

inhibition and a knowledge of the predicted effects of target inhibition, e.g., tumour shrinkage, 

cytostasis, decreased vasculature. Extensive preclinical studies, both in vitro and in vivo are required to 

expedite drug development so that clinical trials can be targeted to patients who carry the relevant 

molecular aberrations. Traditional phase I end-points such as toxicity may need to be replaced in order 

to define the biologically effective dose with molecularly targeted anticancer agents e.g. plasma drug 

concentration or target inhibition in surrogate tissue. Primary end-points such as objective tumour 

response by anatomical imaging (assessed by Response Evaluation Criteria in Solid Tumours-RECIST) 

commonly used for conventional cytotoxic drugs may not detect cytostatic effects and functional 

imaging such as DCE-MRI and FDG-PET may be more useful biomarkers. The co-development of 

novel targeted drugs with biomarkers is essential as new treatments are associated with high costs, and 

many fail unpredictably in late clinical trials (reviewed in [118]). Comparatively, the costs of 

biomarker trials are low (typically <15% of the cost of the clinical trials), and are essential in an era 

where drug approvals are falling while research and development costs increase. 
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