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Introduction

In the United States ovarian cancer is the leading cause of death among all gynecologic cancers and is the fifth leading cause of female cancer deaths. This year, there will be an estimated 23,300 new cases of ovarian cancer diagnosed and 13,900 deaths. The incidence of ovarian cancer has been steadily increasing over the past 10 years, with an overall lifetime risk of 1.8%.1  Despite new medical and surgical advances, new chemotherapeutic regimens, the overall 5-year survival for women with stage III/IV epithelial ovarian carcinoma (EOC) has remained relatively unchanged (12%) over the past 40 years. The poor overall survival and significant morbidity associated with EOC is due primarily to our inability to detect early stage disease (stage I) and the ultimate development of chemoresistance.  However those women diagnosed with disease confined to the ovary (stage IA-IB), require less morbid surgical intervention, may not require adjuvant chemotherapy, have an improved quality of life, and most importantly have an overall 5-year survival approximating 90%.2-3 Therefore, the challenge is to develop highly sensitive and specific EOC biomarkers that detect early stage EOC to improve women’s healthcare. 

Identification of Women at Increased Risk

In order to affect change in the morbidity and mortality associated with EOC, it is necessary to identify those individuals at increased risk. Epidemiologic factors associated with EOC include nulliparity, a personal history of breast cancer, a family history of ovarian and/or breast cancer, as well as membership within a recognized inherited malignancy syndrome.2,4-6 Women with one affected first-degree relative with ovarian cancer have a 4-7% lifetime chance of developing EOC by age 70 as compared to the general female population who have a risk of 1.8%.7 Approximately 5-10% of all EOC cases result from an inherited susceptibility gene. Clues in the family history that are suggestive of hereditary susceptibility include 1) two or more women with ovarian and/or breast cancer, especially pre-menopausal; 2) women with both breast and ovarian cancer; 3) a woman with bilateral breast cancer; 4) male relatives with breast cancer in addition to a female relative with breast or ovarian cancer; 5) women with ovarian cancer at any age who are of Ashkenazi Jewish ancestry;  6) women with post-menopausal breast cancer at who are of Ashkenazi Jewish ancestry.9 To date, BRCA1 and BRCA2 are the two breast and ovarian cancer susceptibility genes identified. Jewish women of Eastern European ancestry, otherwise known as Ashkenazi Jews, have been found to carry the BRCA1 (primarily 185delAG, 5382insC) and BRCA2 (primarily 6174delT) mutations at much higher rates than the general population (2%). Roughly 1 in 40 Ashkenazi Jews are carriers of the BRCA1 and BRCA2 mutations, which theoretically may increase their chance of developing ovarian cancer up to 44% by age 70, especially if they have an affected family member.5-8 

Individuals with a family history suggestive of an inherited malignancy syndrome should be offered formal genetic counseling and testing as indicated. In our practice all the following individuals are offered formal genetic evaluation and testing as deemed appropriate: women with a diagnosis of breast or epithelial ovarian cancer before age 50, women with a significant family history of breast cancer, especially premenopausal, or ovarian cancer (one or more affected first-degree relatives), women with a blood relative with a known BRCA-1 or BRCA-2 mutation, and Ashkenazi women who have ovarian or premenopausal breast cancer or a family history of one or both diseases. Since Narod et al, as well as other authors, reported that approximately 40% of the Jewish women with EOC, and 20% of the Jewish women with premenopausal breast cancer, have been found to have a BRCA-1 or BRCA-2 mutation, it is now our clinical practice to offer all these women formal BRCA analysis. 5 The benefits of genetic testing for the BRCA mutations include identification of those individuals at increased risk for the development of breast or ovarian cancer, individualizing surveillance measures that may enhance the early detection of cancer, offering prophylactic surgery (mastectomy and/or bilateral salpingo-oophorectomy {BSO}), offering chemopreventatives (such as oral contraceptives or Tamoxifen), enrolling in clinical trials for those at increased risk, as well as knowledge of the potential for passing the mutation to future generations. Genetic testing also has potential risks such as adverse psychological effects, disruption of family dynamics, and insurance or employer discrimination.
Prior to initiation of genetic testing it is imperative to assess who is appropriate for such testing, provide expert genetic counseling regarding the implications of genetic testing, and obtain consent from the individual. The American Society of Clinical Oncology (ASCO) as well as the ethical, legal, and social issues branch of the Human Genome Project, emphasize the importance of expert counseling for genetic testing. Unfortunately, there are no accepted guidelines on genetic counseling for cancer and the quality of counseling provided to patients can be quite variable. The optimal clinical management of individuals who test positive for BRCA mutations is evolving. Therefore, ovarian cancer risk assessment and testing are most effective when performed within the context of a multidisciplinary team approach. The American College of Obstetricians and Gynecologists Committee Opinion states “women with a documented familial history of an inherited malignancy syndrome that increases their risk for the development of ovarian cancer who do not wish to retain fertility may be offered a prophylactic BSO after age 35.”3,9 It is our practice to offer, those select women who have completed childbearing, and have received formal genetic counseling, laparoscopic surgery to only remove the fallopian tubes and ovaries (bilateral salpingo-oophorectomy [BSO]). Unfortunately, approximately 1% to 3% of women have been reported to develop primary peritoneal carcinoma, a distinct pathologic entity from EOC, after prophylactic surgery.
Women with a BRCA mutation not desirous of prophylactic surgery may be at a significantly increased risk for the development of ovarian cancer (up to 40%) as well as breast cancer (up to 60%), by age 70, and therefore may benefit from more intensive clinical surveillance.2-9  Oral contraceptive pills (OCPs) have been shown to decrease the risk by approximately 11% per year of use with a maximum decrease between 50- 70%.7 It is hypothesized that OCPs decrease the risk secondary to a reduction in the number of ovulatory cycles a woman experiences in her lifetime, yet the degree of protection is significantly greater than the relative reduction in lifetime ovulations especially since approximately 30% of women continue to ovulate despite OCP use. A more scientific observation for the enhanced protection has been attributed to the progestin effect to induce apoptosis of the ovarian epithelium.10-12

Women at significantly increased risk for the development of ovarian cancer require more intensive clinical surveillance and should consider participation in an IRB approved research program. The National Ovarian Cancer Early Detection Program (NOCEDP) as part of the National Cancer Institute’s Early Detection Research Network (NCI-EDRN) is committed to the development of effective means for the accurate detection of early stage EOC.9,14-16 Only asymptomatic women with normal gynecologic and ultrasound (US) examinations deemed at increased risk for ovarian cancer are eligible to participate in our IRB approved program. Eligibility includes those women with at least one affected first degree relative with ovarian cancer; a personal history of breast, ovarian, or colon cancer; one or more affected first and/or second degree relatives with breast and/or ovarian cancer; inheritance of a BRCA mutation from an affected family member; or membership within a recognized cancer syndrome such as HNPCC. All women are seen every 6 months for formal genetic counseling, pelvic examination by a board certified gynecologic oncologist, ultrasound examination by an expert sonologist, and investigational plasma/serum biomarker analyses.
Early Detection Methods

For decades clinicians have attempted to detect early stage EOC yet to date no test has been effective. A suitable screening test should have both high sensitivity (a positive test in an individual with the disease) and high specificity (a negative test in an in individual without the disease).10 Specificity is a major concern in EOC screening because a majority of women who test positive will require both diagnostic imaging and ultimately surgical intervention. For example, a test with 98% specificity would result in 50 false positive procedures for every case of EOC detected on screening in postmenopausal women. A screening test for the general population requires a 99.6% specificity to yield a positive predictive value of 10%, although lower specificity may be acceptable in those women appropriately identified to be within the high-risk population. 

Ultrasound


Ultrasound remains the best diagnostic imaging modality to evaluate the adnexa. It has proven utility in detecting advanced stage ovarian cancer in asymptomatic women, although its value in detecting early stage disease has yet to be realized. Multiple studies have reported the utility and limitations of ultrasound for identifying Stage I EOC in asymptomatic women. Bell et al. found that among high-risk women, the sensitivity for detection of Stage I EOC was 25% while the sensitivity for low-risk women was 67%.11 Van Nagell et al. found that ultrasound detected a total of 11 Stage I tumors, 5 EOCs and 6 granulosa cell and borderline tumors in a sample of women in the general population.12 Excluding granulosa and borderline tumors, which are usually detected when confined to the ovary, the sensitivity for detection of Stage I EOC was 31%. It is a clinical reality that a negative ultrasound examination may be falsely reassuring, as women continue to develop advanced stage EOC within 6 to 12 months of a normal scan. A major limitation of transvaginal architectural screening is that EOC can arise from normal sized, structurally normal appearing ovaries despite the present advances in diagnostic imaging technology. 

The last decade has seen rapid technological advances in diagnostic ultrasonography with the recent development of three-dimensional transvaginal gray-scale volume imaging (3D TVS) and three-dimensional transvaginal power Doppler imaging  (PD3D TVS).  Initial studies suggested that these new technologies improve upon the diagnostic accuracy of two-dimensional transvaginal gray-scale imaging  (2D TVS) in the differentiation between benign and malignant adnexal pathology.[1-4]   The reported advantages of 3D TVS using surface rendering include improved visualization of the internal architecture of adnexal masses containing cystic components.   The addition of PD3D TVS allows for the thorough examination of the complex adnexal mass for abnormal vascularity in three distinct planes.  The objective of our study was to determine if these.  We recently reported on the use of new 3D techniques to improve upon the diagnostic accuracy of 2D TVS in distinguishing benign complex adnexal masses from ovarian carcinoma. We evaluated 71 women who underwent surgical exploration for a complex adnexal mass, 40 premenopausal, (age range 22-53), with a mean age of 32 years, and 31 postmenopausal, (age range 52-80), with a mean age of 59 years.  Eight out of eleven endometriotic cysts, 10/13 cystic teratomas, 4/15 cystadenomas, and 3/10 cystadenofibromas were correctly identified by histolopathologic prediction.  2D TVS imaging identified 40 masses as suspicious for cancer and 3D TVS with surface rendering did not change this number.  All fourteen women with an adnexal malignancy were correctly identified, yielding a sensitivity, specificity, and positive predictive value of 100%, 54%, and 35% respectively for gray-scale imaging.   The addition of 3DPD significantly narrowed the suspect group from 40 to 28 patients.   This reflects 12 complex masses, which were correctly reclassified as benign rather than malignant because of a negative power Doppler examination.  No malignant masses in this series had a negative power Doppler exam, which yielded a sensitivity, specificity, and positive predictive value of 100%, 75%, and 50% respectively for the combined modalities.  In a sample of high-risk women, the addition of 3-D Doppler improved the ability to distinguish benign from malignant changes, and was particularly useful in differentiating adenofibromas and cystic teratomas from borderline and malignant tumors.13-14  However, even the addition of  3-D Power Doppler imaging has yet to improve our ability to identify ovarian cancers in normal sized ovaries. 

The addition of Doppler examination is helpful in this regard due to the absence of vascular flow within the central regions of endometriotic cysts and the echogenic portions of most cystic teratomas. It is not unexpected that 2D TVS identified 100% of the malignant adnexal masses, because they were enlarged and complex in echo-architecture. The published literature has found that 2D TVS is 85% to 100% sensitive for identifying adnexal masses as malignant.14-15,18-20 Although 3D TVS with rendering improves visualization of the internal capsule wall and intracystic papillations , it is the addition of PD3D that we found most helpful. 3D TVS did not change the morphologic score (viz, cystic, multiloculated, complex, or solid), compared to the 2D TVS, however the rendering of the internal aspect of cystic masses can yielded high detail of internal excrescences previously identified on 2D TVS. It is more useful, however, in ruling out excrescences rather than in their identification. In our experience three-dimensional power Doppler imaging better defines the morphologic and vascular characteristics of ovarian lesions resulting in a significant improvement in specificity (54% to 75%) for ovarian cancer detection.15 This improved diagnostic accuracy may promote improved patient care by separating complex benign masses from ovarian cancer, therefore facilitating appropriate physician referral. 
We continue to evaluate the utility of new ultrasound technologies in evaluating asymptomatic women deemed at significantly increased risk for the development of ovarian carcinoma. Premenopausal scans are routinely performed transvaginally and postmenopausal scans either transvaginally or transabdominally. Doppler and 3-D studies are performed only if an adnexal mass is identified. Masses are graded as cystic, multiloculated, complex, or solid. An overall impression of malignancy risk is assigned to adnexal masses based on morphologic appearance and the presence or absence of central vascularity. Simple cysts and premenopausal hemorrhagic-like cysts are rescanned at 6- to 8-week intervals. Since several recent publications have confirmed a less than 1% malignancy rate in simple menopausal cystic masses measuring less than 5 cm, it is our practice to conservatively follow these lesions unless architectural changes are demonstrated.14-15,18-20
We recently reported the NOCEDP experience with US as an independent modality for the detection of early stage EOC. Approximately 12,000 scans were performed on 4100 women with visualization of both ovaries noted in 98% of premenopausal and 94% of menopausal women.  Recall rates at less than the routine 6-month interval were 0.4% in the premenopausal group and 0.3 % in menopausal women. Cystic masses > 2.5 cm. were visualized in 11.6% of the premenopausal women and 6.1% of menopausal women. Despite intensive surveillance with expert sonologists no early stage cancers were detected yet three primary peritoneal carcinoma (2 Stage IIIB, 1 Stage IIIC), three fallopian tube carcinoma (Stage IIIC), two EOC (Stage IIIC), and two-endometrial carcinoma (Stage IA) were correctly identified. Interestingly 27 breast cancers were detected by physical examination. Our ongoing study suggests the limited value of diagnostic ultrasound as an independent primary screening tool for the detection of early stage EOC in asymptomatic high-risk women.
Plasma/Serum Markers

Ovarian cancer is usually diagnosed when cancer cells have already invaded and metastasized outside of the ovary. Early stage disease often presents with few if any symptoms. No accurate and reliable diagnostic modality exists therefore the early detection of ovarian cancer is quite a clinical challenge. Understanding the genetic, molecular, and biochemical processes of carcinogenesis, invasion, and metastasis has led to the identification of novel genes, proteins, and lipids uniquely associated with EOC. Ovarian cancers accumulate genetic aberrations that affect cell cycle control, apoptosis, adhesion, angiogenesis, transmembrane signaling, DNA repair, and genomic stability15-21. Specific aberrations found in ovarian cancers include amplification and/or overexpression of various genes and proteins including ErbB2 oncoprotein and phosphoinositide 3-kinase (PIK3CA)15-18 .

A variety of ovarian tumor markers have been studied, with most attention focusing on the commonly utilized serum biomarker CA125, an ovarian cancer cell surface-associated protein that is expressed in 80% of nonmucinous EOC’s.2 The optimal clinical application of CA125 is for monitoring therapeutic response in metastatic EOC, fallopian and primary peritoneal cancers and surveillance.  Overall, more than 80% of postmenopausal women with advanced stage ovarian cancer will have an elevated CA125 (greater than 21 u/ml), yet the test will detect early stage asymptomatic ovarian cancer in less than 50% of affected women.22  CA125 is not specific for ovarian cancer as it is also shed from the cell surface of the fallopian tubes, endometrium, endocervix, peritoneum, pleura, pericardium, and bronchus. Little, if any, CA125 can be detected on normal ovarian epithelium although the antigen is sometimes found on the ovary in occlusion cysts, benign papillary excrescences, and when the epithelium undergoes tubal metaplasia. Elevated levels have been found in women with endometrial, fallopian tube, pancreatic, gastric, breast, lung and colon cancers. Benign gynecologic conditions may also falsely elevate CA125 levels including pregnancy, pelvic inflammatory disease, endometriosis, fibroids, benign ovarian cysts, and menstruation.23  Non-gynecologic conditions associated with elevated CA125 levels include pancreatitis, cirrhosis, colitis, peritonitis, peritoneal tuberculosis, radiation therapy, intraperitoneal chemotherapy, as well as post surgical inflammation. 

The NIH Consensus Statement does not recommend CA125 as a screening test in a general or high-risk population since an elevated value accurately detects malignancy is less than 3% of women.24-25 However, an elevated CA125 in a postmenopausal woman presenting with a complex adnexal mass, has an 80% risk of malignancy and should warrant a referral to a board certified gynecologic oncologist. CA125 in conjunction with ultrasound is under clinical evaluation in America and England as a method of reducing mortality through early detection. 40-42 These longitudinal studies will evaluate the ability of both US and CA125 to detect early ovarian cancers in the general population by comparing the results of screening. Previously Jacobs et al reported that the use of CA125 and US led to the identification of 16 ovarian cancers in the screening group, yet 11 of 16 cancers were late stage (III/IV). CA125 has a positive predictive value of less than 10% as an independent biomarker. The addition of ultrasound screening to CA125 measurement has improved the positive predictive value to approximately 20% .43-46 Three-dimensional power Doppler ultrasound improves the diagnostic accuracy for ovarian cancer prediction.15  Unfortunately neither CA125 nor ultrasound has as yet been proven to be sensitive nor specific enough to accurately detect stage I ovarian cancer.42 Despite these limitations, CA125 is the most useful tumor marker currently available. 

Lysophosphatidic Acid
Recent attention has focused on phospholipids, such as lysophosphatidic acid (LPA), lysophosphatidylserine (LPS), and sphingosylphosphorylcholine (SPC), as potential serum biomarkers for the early detection of epithelial ovarian carcinoma. These phospholipids function extracellularly to activate cells through specific cell membrane receptors and have been found to induce proliferation of ovarian and breast cancer cells. Mills et al reported that LPA induces a rapid and transient increase in cytosolic free calcium, and stimulates tyrosine phosphorylation, including mitogen-activated protein kinase activation.47 In ovarian cancer cells but not in normal ovarian surface epithelial cells, LPA increases cell proliferation, cell survival, resistance to cisplatin, and the production of vascular endothelial growth factor (VEGF), interleukin 8, urokinase plasminogen activator (uPA), the urokinase plasminogen activator receptor (uPAR) and of LPA itself. The Edg2, Edg4 and Edg7 members of the endothelial differentiation gene (Edg) family of G protein-coupled receptor family have been proposed to mediate LPA signaling in mammalian cells. Normal ovarian epithelial cells and ovarian cancer cell lines have variable Edg2 mRNA and protein levels. Edg4 protein and mRNA levels are modestly elevated in ovarian cancer cells, whereas, Edg7 mRNA levels are markedly elevated suggesting that Edg4 and Edg7 may contribute to the deleterious effects of LPA in ovarian cancer. Indeed, selective agonists of Edg7 induce cell activation, proliferation, increased survival, and uPA production in ovarian cancer cells further implicating Edg7 in the pathophysiology of ovarian cancer. Activation of the Edg2 LPA receptor on ovarian cancer cells may induce cells to undergo apoptosis rather than to proliferate. Thus, the development of agonists and antagonists for specific LPA receptors may alter proliferation, apoptosis or the response to therapy. As almost half of all current drugs are receptor selective agonists or antagonists for G protein coupled receptors, the LPA receptor family represents a highly “drugable” target. Mills et al are using expression of specific LPA receptors in yeast, insect and mammalian model systems to determine the structure activity relationships for the different Edg receptors as well as to screen for potential agonists and antagonists of specific LPA receptors. These agonists and antagonists can be used as lead compounds for the development of molecular therapeutics aimed at ovarian cancer.
The effects of LPA-induced signaling in tumor cells include cellular proliferation, survival, invasion, and the upregulation of proteolytic enzymes. Certain phospholipids appear to increase urinary type plasminogen activator (uPA) and matrix metalloproteinase (MMP) expression and activation.48 We have found that LPA treatment of ovarian cancer cells increases membrane fluidity, cellular adhesion to type I collagen and 1 integrin expression. A significant upregulation of MMP-dependent proMMP-2 activation was also observed in LPA-treated cells, leading to enhanced pericellular MMP activity. As a result of increased MMP activity, haptotactic and chemotactic motility, in vitro wound closure, and invasion of a synthetic basement membrane are enhanced. These data suggested that LPA contributes to metastatic dissemination of ovarian cancer cells via upregulation of MMP activity and subsequent downstream changes in MMP-dependent migratory and invasive behavior.47,48, Using the DOV13 ovarian cancer cell line suggest a major role of PI3-kinase in LPA-induced MMP-2 activation, with a contribution from p38 MAPK. Furthermore, the obstruction of these pathways results in partial inhibition of LPA-induced cellular invasion, supporting a role for MMP-2 activity in this process. PI3-kinase also appears to be necessary for LPA-stimulated urokinase plasminogen activator (uPA) activity in DOV13 cells. Inhibition of p44/p42 MAPK slightly decreases LPA-stimulated MMP-2 activation, and inhibits LPA-stimulated uPA activity and invasion.  As MMP-2 activation is dependent upon both MT1-MMP and 1 integrin clustering, we are also investigated the effects of LPA on the expression and localization of these molecules, as well as determining the signaling pathways through which LPA exerts these effects. We have found that LPA treatment results in increased production and cell surface localization of 1 integrin.  The results of these studies will aid in understanding the role of LPA in EOC metastasis, and may provide targets for therapeutic intervention to prevent the activation of MMP-2 and thus inhibit cellular invasion.
Levels of lysophosphatidic acid (LPA) are elevated in the plasma of patients with ovarian carcinoma including 90% of patients with stage I disease. The clinical application of LPA in ovarian cancer detection was initially reported by Xu et al. Women with ovarian cancer had elevated plasma levels of LPA as compared to healthy controls and most importantly elevated levels were observed in 9 of 10 women with stage I disease.49 Our ongoing multi-institutional international study has also found elevated levels of LPA in the plasma and serum of women with advanced and early stage epithelial ovarian cancer despite normal CA125 values. 
Epidermal Growth Factor and Receptor (EGF, EGFR)

Overexpression of ErbB1, ErbB2 and ErbB3, members of a growth factor receptor family, are common in human ovarian carcinoma-derived cell lines and tumors, and are thought to play a critical role in tumor etiology and progression.27-28 Baron, Maihle et al. developed an acridinium-linked immunosorbent assay (ALISA) to detect soluble ERbB1 in human body fluids. Serum p110 sErbB1 levels were found to be significantly lower in women with stage I-IV EOC shortly after cytoreductive staging laparotomy, in comparison to levels in healthy controls or in women with benign pelvic disease. This observation has lead to the suggestion that p110 ErbB1 levels may provide important diagnostic and/or prognostic information useful for the management of women with EOC.

Osteopontin

Osteopontin is an acidic, calcium-binding glycophosphoprotein that is found in all body fluids and in extracellular matrix components. Berkowitz et al. found that in blood and tissue from women with and without ovarian cancer, osteopontin blood levels were significantly higher in ovarian cancer cases as compared to healthy controls. The specificity of the samples was 80.4%, while the sensitivity was 80.4% in early-stage disease and 85.4% in later-stage disease.29  

Prostasin

Prostasin, a serine protease that is most abundant in the prostate gland, has been isolated as a potential biomarker for ovarian cancer.30 Levels of serum prostasin in archived samples from 64 patients with ovarian cancer (55% Stage III or IV) were almost double those of 137 controls. Twenty-four controls had other gynecologic cancers, 42 had benign gynecologic diseases, and 71 cases had no known gynecologic diseases. In 14 of the 16 ovarian-cancer patients with both preop and postop serum samples, prostasin levels declined significantly after surgery. 

Periostin

Periostin is a secreted protein expressed in normal tissues including stomach, aorta, placenta, uterus, and breast although it is not expressed in normal ovary tissue. Chang et. al. have shown that EOC cells secrete perisotin and that malignant ovarian ascites also contain high levels of periostin. Periostin may play an important role in the adhesion and migration of ovarian epithelial cells.31

Proteomics
Proteomics appears to be the most promising tool to identify unique protein signatures in the serum of women with EOC. Low molecular weight serum protein profiling may reflect the pathologic state of organs and aid in the early detection of cancer.  Matrix-assisted laser desorption and ionization time-of-flight (MALDI-TOF) and surface-enhanced laser desorption and ionization time-of-flight (SELDI-TOF) mass spectroscopy can profile proteins in this range.6-9 Bioinformatics has been employed to study physiological outcomes and cluster gene microarray transcript profiles.10-13 However, uncovering changes in complex serum protein mass spectra patterns requires higher order analysis.  Petricoin et. al. linked SELDI-TOF spectral analysis with a high order analytical approach to define an optimal discriminatory proteomic pattern.  These profiles contain thousands of data points that artificial intelligence-based systems learn through repeated profile analysis. The result is the ability to discriminate a handful of proteins, among thousands, that could be used to distinguish between cancerous and non-cancerous conditions.32-33  In conjunction with Drs. Petricoin, Liotta et al., the proteomic pattern results of a 116-sample study of women with and without ovarian cancer was recently reported.32 All women (n=50) with ovarian cancer were correctly identified, including all women with stage I cancers (n=18). In the non-cancerous sample, 63 of 66 samples were accurately classified as non-cancerous. Subsequent testing using the newly developed high-resolution hybrid quadrupole time-of-flight (Qq-TOF) MS found discriminatory protein patterns with 100% sensitivity and 100% specificity for the early diagnosis of ovarian cancer.32-33    The utility of clinical proteomics is currently under NCI/FDA evaluation. 

Ovarian Pap Test


The cervical Pap test identifies premalignant changes on the cervix and provides an effective means for the prevention and early detection of cervical cancer. The ability to identify premalignant lesions on the ovary would be of significant value in preventing ovarian cancer. Using microsurgical techniques ovarian epithelium can easily be obtained in the outpatient setting. We have demonstrated that ovarian cytology could discern malignant ovarian epithelium from normal (34). Evaluating ovarian epithelium that pathologically appears normal with new technologies can now be applied to allow the molecular taxonomy of cancer detecting aberrant expression of genes, proteins, and methylation consistent with malignancy. Preliminary studies have demonstrated that aberrant gene and protein expression may help identify those cells that are actually malignant despite normal phenotypic appearance. The clinical value of gene and protein expression to classify cancer is evolving and the use of these technologies will make early detection a clinical reality.     

Conclusion
The clinical application of biochemical, genetic, and molecular aspects of ovarian carcinogenesis, invasion, and metastasis is required to affect change in the morbidity and mortality from EOC. The National Cancer Institute (NCI) and the Food and Drug Administration are committed to the development of early detection methods, effective chemoprevention, and ovarian-specific therapies. The application of new molecular and computer-assisted technologies, such as the high-resolution MS, afford an opportunity to challenge scientific paradigms, and has led to the identification of biologically relevant lipids, proteins, gene mutations, aberrant DNA methylation, and specific low-molecular-weight protein patterns that are clinically relevant. All of the discussed biomarkers, alone and in combination are under formal NCI studies to determine their clinical utility. The new research paradigm supporting a multidisciplinary team collaboration of clinical, scientific, and technologic expertise will achieve detection of early stage disease.
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