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Background: High grade serous ovarian carcinoma (HGSOC) is a highly lethal gynecologic malignancy with a typical 5-year survival rate of 40% or less when diagnosed with late-stage disease.  There is currently no single effective screening tool for high risk or community-based risk assessment for HGSOC and multivariate tests for preselected patients are suboptimal.  In women with a known pelvic mass, surgery followed pathological assessment is currently the only definitive way to diagnose HGSOC. About 15% of women with a suspicious mass will have HGSOC and less than 15% will present with stage 1 cancer. A liquid biopsy assay based on cell-free (cf)DNA enables non-invasive dynamic assessment of disease status in patients with cancer where cfDNA methylation is particularly promising for detection of early stage HGSOC. The goal of the current study is to develop a cfDNA methylation liquid biopsy that can be used for the screening and risk assessment for HGSOC. 

Methods:  Tissue and plasma samples were acquired under informed consent from multiple commercial and academic sources.  Reduced representation bisulfite sequencing (RRBS) was performed on 33 HGSOC tissues as well as 8 normal ovary and 13 normal fallopian tube controls.  Differentially methylated regions (DMRs) were called between HGSOC and normal controls using metilene and DSS.  DMR calls with p-values < 0.05 and || > 0.45 (n = 1677 DMRs) were used to generate a targeted tissue-based methylation assay using the myBaits® hybrid probe capture platform (Daicel Arbor Biosciences).  Next, targeted enrichment was performed on bisulfite converted plasma cfDNA on an independent set of 84 HGSOC samples (27 stage 1, 20 stage 2, 37 stage 3) and 100 samples from patients with benign ovarian masses.  Mean beta value across DMRs were used to train a novel cfDNA methylation classifier model called OvaPrintTM to discriminate HGSOC from benign masses using a repeated 3-fold cross validation approach to obtain an unbiased estimate of the performance of the classifier. The average cross validated score for each sample was used to generate a receiver operator characteristic (ROC) curve.  

Results.  RRBS analysis on HGSOC tissue and normal tissue controls demonstrated excellent separation of HGSOC from normal tissue samples using the selected DMRs. OvaPrintTM testing in an independent cohort of 184 plasma samples discriminated HGSOC from benign tumors with a high sensitivity and specificity (area under curve (AUC) ~0.94) using cfDNA methylation. In the current study the positive predictive value is >0.94 indicating that a positive test result will correctly identify patients with the disease. The negative predictive value is >0.88, which demonstrates the test can accurately identify patients who are truly negative, minimizing false positives which would be unwanted consequence and overwhelm the gynecology oncology clinics.

Conclusions: HGSOC remains devoid of clinical assays that either preoperatively confirm malignancy or which can be used for screening, especially for early-stage tumors. In this study we developed OvaPrint, is a novel cfDNA methylation liquid biopsy for the risk assessment of HGSOC in women with adnexal masses and has potential to bused to screen asymptomatic women in the general population.
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About the Research Topic:
Ovarian cancer afflicts more than 300,000 women each year worldwide. Despite improved care with surgery and combination chemotherapy, the majority of patients will die from their disease. When cancer is limited to the ovaries in stage I, up to 90% of patients can be cured with currently available treatment. With spread over the surface of the abdominal cavity (stage III) or outside the abdomen (stage IV), long term survival is reduced to 20% or lower. Approximately 25% of patients are currently diagnosed in stage I or II. It has long been assumed that increasing the fraction of women with ovarian cancer detected at an early stage could improve survival and decrease mortality. The negative outcome of the UKCTOCS trial, which tested a two-step screening strategy (CA-125 and transvaginal ultrasound) in >100,000 women, indicates a need for more specific biomarker panels. Additionally, studies have shown that patients with ovarian cancer who are operated on by gynecologic oncologists with previous training in cytoreductive techniques are more likely to have better surgical staging, achieve a higher rate of complete cytoreduction in advanced stages and have better overall outcomes in comparison with those patients treated by general gynecologists or general surgeons. However, the access and referral to gynecologic oncologists for women with suspected gynecological cancer is scarce. Early detection of stage 1 ovarian cancer for both symptomatic and asymptomatic women would therefore be of significant clinical benefit and is the purpose developing the OvaPrint™ cfDNA methylation liquid biopsy.



