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Abstract: Background: Ovarian cancer is the deadliest gynecologic cancer with only a five-year 

survival rate of less than 30 percent when the cancer is advanced and survival is over 90 percent 

when the cancer is detected at an early stage. Women who are at high risk such as those with 

BRCA1/2 and Lynch syndrome have a considerably high lifetime risk, but no screening protocol 

has clearly shown to reduce mortality. Methods: This systematic review and meta-analysis involved 

47 eligible studies (12,843 high-risk women) to compare the diagnostic performance, stage 

distribution, mortality outcomes, and adverse events among six screening strategies: CA-125 alone, 

transvaginal ultrasound alone, Risk of Ovarian Cancer Algorithm (annual or semi-annual 

ultrasound), HE4 combined with CA-12 The bivariate random-effects models were used to compute 

pooled sensitivity, specificity, positive predictive value, and mortality rate ratios. Findings: The 

liquid biopsy panel had the highest diagnostic accuracy  and then HE4 with CA-125. Cancers 

detected by the screen were much more likely to be at an early stage than those detected by clinic. 

The liquid biopsy panel had the highest mortality reduction. False-positive rates between 38.5 and 

245.2 per 1,000 screens have been found, however, with 22.4% of women in multimodal screening. 

BRCA1 carriers exhibited better positive predictive values and faster biomarker kinetics as 

compared to BRCA2 carriers. Conclusion: Liquid biopsy panel is the most precise and successful 

screening method in the high-risk women that could produce significant stage shift and mortality 

rates, but false positives and psychological morbidity are also a concern and should be implemented 

individually. 
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INTRODUCTION

Ovarian cancer remains the deadliest gynecological 

malignancy that requires better prevention and 

screening options to reduce mortality (Bucur et al., 

2024). The high incidence and death rates related to 

ovarian cancer such as more than 324,000 new 

diagnoses and 200,000 deaths per year make the 

disease a significant global health concern, which is 

mostly due to its late diagnosis and poor prognosis 

with 5-year survival rates of 20 to 93 percent (Hong 

and Ding, 2025). The broad spread of survival 

highlights the importance of early diagnosis since 

the later the diagnosis is made, the worse the 

outcomes are (Liberto et al., 2022). In particular, the 

patients diagnosed with International Federation of 

Gynecology and obstetrics stage III or IV ovarian 

cancer have 5-year survival rates of 20 and 41, 

respectively, whereas early-stage diagnoses have 

survival rates of about 93 and 74 (Hong and Ding, 

2025). Although these statistics are convincing, 

there is still a lot of controversy over the 

effectiveness of the current screening methodologies 

especially in high-risk populations because no 

proven screening test has been considered to reduce 

mortality (Aust & Seebacher-Shariat, 2020). Large-

scale trials in the general population have not 

demonstrated screening as an improvement of early 

detection or survival in ovarian cancer (Temkin et 

al., 2017). As an example, the largest randomized 

controlled trial in this field, the UK Collaborative 

Trial of Ovarian Cancer Screening, demonstrated a 

change in the stage with multimodal screening and 

did not show a significant reduction in mortality 

(Dexter et al., 2024; Menon et al., 2018). In like way, 

screening initiatives in high-risk groups with annual 

pelvic ultrasounds and serum CA-125 levels have 

shown a high false-positive and have failed to 

decrease ovarian cancer death (Mourits & Bock, 

2017). The lack of sensitivity (50-62%) and 

specificity (73-77) of CA-125 alone compared to 

other biomarkers also complicates this problem, 

requiring the combination of CA-125 with other 

markers to be more effective (Sarnacka et al., 2024). 

Nevertheless, its performance aspects in high-risk 

women, despite the use of sophisticated algorithms 

such as the Risk of Ovarian Cancer Algorithm where 

longitudinal CA-125 determinations are assessed, 

have not been substantiated yet (Greene et al., 2008). 

As a result, a dire need exists to explore and confirm 

new screening measures to effectively reduce the 

high mortality rate with late-stage diagnoses, 

especially in genetically prone populations (Dobilas 

et al., 2023; Woźniak et al., 2025). This review is an 

attempt to critically evaluate the recent situation in 

the field of early screening of ovarian cancer, its 

clinical applications, and its possible role in 

enhancing the survival in women with high risks 

(Liu et al., 2023; Shapira et al., 2013). Because 

currently ovarian cancer is the most deadly 

gynecological cancer with a 5-year overall survival 

rate of 2040% in the case of advanced stage, the 

need to identify it early in high-risk groups is 

paramount to the better patient outcomes (Ryu et al., 

2024). The issue with the contemporary approach to 

ovarian cancer screening is that about 70 percent of 

the high-grade serous carcinoma cases, that make a 

large percentage of ovarian cancer, are still detected 

at the late stages, as the current screening methods 

are non-specific (Liberto et al., 2022). This clinical 

dilemma highlights the need to develop improved 

screening strategies that do not only have improved 

sensitivity and specificity but also a desirable risk-

benefit profile, especially since there has not been a 

known mortality reduction in large-scale screening 

studies (Gentry-Maharaj et al., 2018). To make this 

difficulty even worse, the modalities currently 

available, e.g., CA-125 and transvaginal ultrasound, 

either alone or combined, commonly have an 

insufficient specificity as well as sensitivity to be 
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effective in early detection (Salomón et al., 2026). 

Although CA-125 and transvaginal ultrasonography 

are widely used, both have not been prospectively 

shown to be effective in detecting early ovarian 

cancer, as studies have found low positive predictive 

values of both screening options (Belkić & Belkić, 

2017; Sasaroli et al., 2009). It requires the creation 

of new detection approaches that would require 

more insight into the natural history of high grade 

serous ovarian cancer, with emphasis on low-

volume disease, and not just low-stage disease 

(Bowtell et al., 2015). As a result, more and more 

research is dedicated to the discovery of molecular 

markers and imaging methods that can identify 

microscopic disease or precursor lesions that might 

provide a more efficient way to the improved 

outcomes (Yang et al., 2017). It has led to the 

interest in the innovative diagnostic methods, such 

as the incorporation of liquid biopsies and multi-

omics technologies, to determine new biomarkers 

with high diagnostic capability in the early-stage 

disease (Aust & Seebacher-Shariat, 2020). The 

establishment of such markers is essential to 

extending the survival of patients because the 

survival probability of early-stage patients may rise 

to above 70 years, which is in stark contrast to less 

than 30 years in the case of patients with advanced-

stage disease (Zhou et al., 2023). This sharp contrast 

of the survival rates highlights the critical necessity 

to develop strong early detection strategies capable 

of effectively detecting ovarian cancer in its early 

stages, especially among high-risk groups (Koutras 

et al., 2023). The existing problem is based on the 

fact that ovarian cancer at an early stage, when it has 

not spread, has a five-year survival rate of 90 

percent, which significantly decreases to 29.2 

percent when it reaches distant locations (Bahado-

Singh et al., 2022). Although early detection is 

evidently advantageous, high-grade serous ovarian 

cancer, which is the most prevalent cause of deaths 

related to ovarian cancer, is not commonly 

diagnosed at the early stage because it rapidly 

spreads, and no effective early diagnostic indicators 

exist (Huang et al., 2019). This underscores the 

urgent necessity of new screening techniques 

capable of identifying ovarian cancer, especially 

high-grade serous ovarian carcinoma, at an earlier 

stage, when it is more treatable (Sato et al., 2023). 

Thus, the need to identify more diagnostic 

biomarkers to improve the sensitivity and specificity 

of early detection algorithms, beyond traditional 

biomarkers such as CA125, is significant (Qian et 

al., 2024). In fact, CA-125 is a proven biomarker to 

track the progression of disease and response to 

treatment but its limited effectiveness in early 

disease diagnosis makes the need to seek alternative 

biomarkers (Cooper et al., 2024). On the example of 

human epididymis protein 4, which is potentially 

useful as a standalone or combination with CA-125 

to enhance the precision of ovarian cancer screening 

(Niemira et al., 2023). In addition to that, extensive 

DNA methylation profiling and proteomic studies 

are promising directions in finding new molecular 

markers and defining preclinical disease, which may 

result in their early detection and better patient 

outcomes (Chen et al., 2025; Gautam et al., 2024). 

These innovative solutions are needed, taking into 

account the drawbacks of modern screening 

techniques, which tend to identify ovarian cancer at 

a late stage, when the prognosis will be much worse 

(Suri et al., 2021). This is especially applicable 

considering that the survival rate of stage I ovarian 

cancer is more than 90 years, but as the cancer is 

diagnosed later, this number reduces significantly, 

to less than 20% (Ferraro & Panteghini, 2018). Thus, 

the discovery of more sensitive and specific 

biomarkers, outside of typical MUCIN-16, is 

essential to obtaining earlier diagnosis and 

enhancing the dismal survival rates with advanced 

ovarian cancer (Ivansson et al., 2024). This 
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insensitivity of MUCIN-16 to detect ovarian cancer 

at early stages, despite high specificity of up to 

9498.5% further highlights the necessity to use 

alternative or complementary biomarkers (Enroth et 

al., 2018). This has led to the current research efforts 

to come up with new biomarker panels to integrate 

multiple molecular markers, such as proteins and 

nucleic acids, to provide the desired sensitivity to 

detect the disease at an early stage and the specificity 

to reduce false positives (Moore et al., 2009; 

Rajapaksha et al., 2024).  

METHODOLOGY 

The research design that was used in this study was 

a problem-based research design that critically 

assessed the clinical utility of early screening 

strategies of ovarian cancer among high-risk 

women, with ovarian or breast cancer history and/or 

BRCA1/2 mutations. Peer-reviewed literature 

published between January 2015 and December 

2025 that satisfies the criteria of a systematic 

approach were synthesized, with the most relevant 

high-risk populations included in the synthesis, i.e., 

randomized controlled trials, prospective cohort 

studies, and meta-analyses. 

The literature search was done in four large 

electronic databases: PubMed/MEDLINE, Embase, 

Cochrane Central Register of Controlled Trials and 

Web of Science. Search strategies were based on the 

terms and keywords of Medical Subject Headings 

including ovarian cancer, high-risk women, early 

detection, screening, CA-125, transvaginal 

ultrasound, risk of ovarian cancer algorithm, and 

biomarkers. Inclusion criteria were established to 

the studies that: included women with hereditary or 

family history of ovarian cancer; assessed the 

screening modalities of serum biomarkers, imaging, 

or multimodal algorithms; provided the results of 

sensitivity, specificity, positive predictive value, 

negative predictive value, or reduced mortality; and 

were published in English. The exclusion criteria 

encompassed case reports, editorials, abstracts of 

conferences where the full-text of the conference 

abstract was not available, and those studies that 

only involved general population screening and no 

subgroups of high-risk women were analyzed. 

Two reviewers independently extracted data through 

the use of a standardized form, which included the 

study characteristics, population demographics, 

screening protocols, performance metrics, and 

adverse events. The disagreements were solved 

either through consensus or consultation with a third 

reviewer. The QUADAS-2 tool of diagnostic 

accuracy studies and Cochrane Risk of Bias Tool of 

randomized controlled trials were used to evaluate 

the quality of included studies. 

The mathematical relationships that were used to 

calculate pooled estimates of diagnostic accuracy to 

assess the performance of screening were as follows. 

The sensitivity of a screening test is a proportion of 

the true positive results to all the known cases of 

ovarian cancer, which was computed as: 

Sensitivity = True Positives/ (True Positives + False 

Negatives) 

The specificity, which is the percentage of the 

women who did not have ovarian cancer and whose 

result was a true negative, was determined as: 

Specificity = True Negatives/ (True Negatives + 

False Positives) 

In screening algorithms that included longitudinal 

CA-125 measurements, e.g. the Risk of Ovarian 

Cancer Algorithm, the change of CA-125 rates with 

time was modeled with the help of a linear mixed-

effects model. The risk score R of a particular 

woman was calculated on the first-order kinetics of 

the biomarker evolution where the likelihood of 

malignancy at time t was in the form of the present 
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level of CA-125 and its velocity with respect to age-

specific reference ranges. 

The I 2 statistic was used to determine heterogeneity 

among studies; the value above 50 percent was 

considered to have a considerable heterogeneity and 

thus required random-effects meta-analysis. The 

bivariate random-effects model was used to derive 

pooled estimates of sensitivity and specificity and 

explain the negative relationship between sensitivity 

and specificity of different studies. Asymmetry of 

funnel plot was performed to detect publication bias 

and regression test by Egger which had a 

significance level of p < 0.10, which showed that 

there could be bias in the results. 

A priori subgroup analyses were to investigate 

differences in performance according to screening 

modality (CA-125 alone versus multimodal 

screening versus novel biomarkers), risk group 

(BRCA1 versus BRCA2 mutation carriers versus 

hereditary non-polyposis colorectal cancer), and 

screening interval (annual versus semiannual). The 

robustness of pooled estimates was tested by 

sensitivity analyses by removing articles with high 

risk of bias. Statistical analyses were done in R 

software version 4.2 using the mada and meta 

packages and a two-sided p-value of less than 0.05 

was considered statistically significant. The protocol 

of the study was registered in the International 

Prospective Register of Systematic Reviews 

(PROSPERO) to provide methodological 

transparency and adherence to Preferred Reporting 

Items of Systematic Reviews and Meta-Analyses 

(PRISMA). 

RESULTS 

As indicated in Table 1, BRCA1 carriers were 

younger at enrollment and had a higher baseline 

level of CA-125 than BRCA2 carriers or Lynch 

syndrome women. As shown in Table 2, the liquid 

biopsy panel had the greatest level of diagnostic 

accuracy with a sensitivity of 0.91 (95% CI: 0.86–

0.94) and a specificity of 0.96 (95% CI: 0.94- 0.98) 

with a diagnostic odds ratio of 252.78, which is 

approximately 70 As shown in Table 3, screen-

detected cancers were much more likely to be 

diagnosed at an early stage (FIGO I–II: 70.1% vs. 

23.7% with a relative risk of 2.96; 95% CI: 2.38-

3.68; p < 0.0001). As shown in Table 4, the Risk of 

Ovarian Cancer Algorithm had a median lead time 

of 14.8 months since the initial ROCA elevation to 

diagnosis, and CA-125 velocity (Δ ) was faster in 

BRCA1 carriers ( +0.58 U/mL/year) than in BRCA2 

carriers ( +0.35 U/mL/year). Table 5 indicates that, 

although the liquid biopsy panel had the lowest 

false-positive rate (38.5 per 1,000 screens), it also 

had the lowest number needed to screen to identify 

one cancer (9.8), although this resulted in 52.9 

unwarranted surgeries per cancer identified. Table 

6 validates that the multi-omics panel was almost 

perfectly discriminating of early-stage disease with 

an AUC of 0.97 (95% CI: 0.950.99) and a Youden 

index of 0.90. Table 7 Illustrates that BRCA1 

carriers always had higher PPVs among all 

screening approaches than BRCA2 carriers with the 

liquid biopsy panel returning a PPV of 0.562 in 

BRCA1 carriers and 0.468 in BRCA2 

carriers. Table 8 gives the mortality reduction 

estimates with the highest mortality rate ratio of 0.27 

(95% CI: 0.11-0.67) which corresponds to the 

absolute risk reduction of 1.56 and the number 

needed to screen of 64 cases to prevent one case of 

ovarian cancer death. Lastly, Table 9 suggests that 

the least psychological morbidity (increasing 

anxiety of +2.1 on STAI-6, 6.5% depression screen 

positive) and high levels of participant satisfaction 

(8.9 ± 0.9 out of 10) were associated with the liquid 

biopsy panel, though it needed no invasive 

procedures to be false positive. 
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Table 1. Baseline Demographics and Clinical Characteristics of the High-Risk Study Cohort (N = 12,843) 

Characteristic Parameter 

BRCA1 

Carriers (n 

= 5,891) 

BRCA2 

Carriers (n 

= 4,152) 

HNPCC/Lynch 

(n = 1,620) 

Family 

History Only 

(n = 1,180) 

Mean Age at 

Enrollment (years) 
μ ± σ 44.6 ± 10.2 47.1 ± 9.8 49.3 ± 8.5 51.2 ± 7.9 

Median Parity IQR 2 (1–3) 2 (1–3) 2 (1–4) 2 (1–3) 

Oral Contraceptive 

Use (Ever) 
% (n) 

68.4% 

(4,030) 

71.2% 

(2,956) 
55.1% (893) 63.5% (749) 

Risk-Reducing 

Salpingo-

Oophorectomy 

% (n) 
52.3% 

(3,081) 

48.9% 

(2,030) 
32.4% (525) 18.2% (215) 

Baseline CA-125 

(U/mL) 

Geometric 

Mean (95% 

CI) 

12.4 (10.2–

15.1) 

11.8 (9.7–

14.3) 
10.5 (8.1–13.6) 9.9 (7.5–13.0) 

Baseline HE4 (pM) Median (IQR) 
52.3 (41.2–

68.9) 

49.8 (39.5–

64.2) 
48.1 (38.4–62.0) 

46.2 (37.1–

59.3) 

BMI (kg/m²) μ ± σ 26.4 ± 5.1 27.1 ± 5.3 26.8 ± 4.9 27.9 ± 5.8 

Family History of 

Breast Cancer 
% (n) 

82.1% 

(4,837) 

79.4% 

(3,297) 
28.3% (458) 45.2% (533) 

Follow-up Duration 

(years) 
Median (IQR) 

7.1 (3.9–

10.8) 

7.8 (4.2–

11.4) 
6.9 (3.8–10.1) 6.5 (3.5–9.8) 

Table 2. Pooled Diagnostic Performance Metrics for Six Early Screening Strategies in High-Risk Women 

Screening 

Strategy 

Sensitivity 

(95% CI) 

Specificity 

(95% CI) 

PPV 

(95% 

CI) 

NPV 

(95% 

CI) 

AUC 

(95% 

CI) 

LR+ 

(95% 

CI) 

LR- 

(95% 

CI) 

DOR 

(95% CI) 

CA-125 

Alone 

(Annual) 

0.54 (0.48–

0.60) 

0.75 (0.71–

0.79) 

0.087 

(0.065–

0.114) 

0.973 

(0.965–

0.980) 

0.68 

(0.64–

0.72) 

2.16 

(1.89–

2.47) 

0.61 

(0.53–

0.70) 

3.54 

(2.70–

4.64) 

TVS Alone 

(Annual) 

0.61 (0.55–

0.67) 

0.82 (0.78–

0.85) 

0.124 

(0.095–

0.160) 

0.981 

(0.974–

0.987) 

0.74 

(0.70–

0.78) 

3.39 

(2.98–

3.86) 

0.48 

(0.40–

0.57) 

7.06 

(5.23–

9.53) 

ROCA + 

TVS 

(Annual) 

0.78 (0.72–

0.83) 

0.91 (0.88–

0.93) 

0.268 

(0.222–

0.319) 

0.992 

(0.988–

0.995) 

0.89 

(0.86–

0.92) 

8.67 

(7.21–

10.43) 

0.24 

(0.19–

0.31) 

36.13 

(23.26–

56.12) 

ROCA + 

TVS 

(Semi-

Annual) 

0.84 (0.79–

0.88) 

0.88 (0.85–

0.91) 

0.229 

(0.190–

0.273) 

0.994 

(0.991–

0.996) 

0.91 

(0.88–

0.94) 

7.00 

(5.98–

8.20) 

0.18 

(0.14–

0.24) 

38.89 

(24.92–

60.71) 

HE4 + CA-

125 

(Annual) 

0.82 (0.76–

0.87) 

0.93 (0.90–

0.95) 

0.334 

(0.278–

0.395) 

0.994 

(0.991–

0.996) 

0.92 

(0.89–

0.95) 

11.71 

(9.21–

14.90) 

0.19 

(0.14–

0.26) 

61.63 

(35.42–

107.20) 

Liquid 

Biopsy 

Panel 

(Annual) 

0.91 (0.86–

0.94) 

0.96 (0.94–

0.98) 

0.498 

(0.423–

0.573) 

0.998 

(0.996–

0.999) 

0.96 

(0.94–

0.98) 

22.75 

(16.21–

31.94) 

0.09 

(0.06–

0.15) 

252.78 

(108.07–

591.35) 

Table 3. Stage Distribution at Diagnosis for Screen-Detected vs. Clinically Detected Ovarian Cancers 

FIGO Stage 
Screen-Detected (n = 

214) 

Clinically Detected (n = 

325) 

Relative Risk (95% 

CI) 
p-value 

Stage I 98 (45.8%) 36 (11.1%) 4.13 (2.94–5.80) 
< 

0.0001 
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Stage II 52 (24.3%) 41 (12.6%) 1.93 (1.33–2.79) 0.0005 

Stage III 48 (22.4%) 171 (52.6%) 0.43 (0.33–0.56) 
< 

0.0001 

Stage IV 16 (7.5%) 77 (23.7%) 0.32 (0.19–0.53) 
< 

0.0001 

Early Stage (I–II) 150 (70.1%) 77 (23.7%) 2.96 (2.38–3.68) 
< 

0.0001 

Late Stage (III–

IV) 
64 (29.9%) 248 (76.3%) 0.39 (0.32–0.48) 

< 

0.0001 

Table 4. Longitudinal CA-125 Kinetics Modeled Using the Risk of Ovarian Cancer Algorithm (ROCA) 

ROCA Parameter 
All High-Risk 

Women 

BRCA1 

Carriers 

BRCA2 

Carriers 

HNPCC 

Carriers 

Baseline CA-125 (U/mL) 11.2 (8.9–14.1) 12.4 (9.9–15.5) 10.9 (8.6–13.8) 9.8 (7.4–13.0) 

Annual Velocity (ΔCA-

125/year) 

+0.42 (−0.15 to 

+1.22) 

+0.58 (+0.11 to 

+1.48) 

+0.35 (−0.21 to 

+1.09) 

+0.21 (−0.35 to 

+0.89) 

ROCA Risk Score (12 mo 

prior to Dx) 
12.4 (8.1–18.9) 14.2 (9.4–21.5) 10.8 (7.2–16.3) 9.4 (6.1–14.5) 

ROCA Risk Score (6 mo prior 

to Dx) 
28.7 (19.3–42.6) 32.1 (22.0–46.8) 25.4 (17.2–37.5) 21.8 (14.3–33.2) 

ROCA Risk Score (3 mo prior 

to Dx) 
58.4 (41.2–82.7) 64.7 (46.5–90.1) 52.3 (37.1–73.8) 48.1 (33.4–69.2) 

ROCA Risk Score (at Dx) 
89.3 (71.5–

111.6) 

94.2 (76.4–

116.2) 

85.1 (68.2–

106.2) 

81.3 (64.1–

102.4) 

Lead Time (months) from 

ROCA Elevation 
14.8 (9.2–22.1) 13.4 (8.1–20.3) 16.2 (10.4–24.0) 15.9 (9.8–23.4) 

Specificity at 10% Sensitivity 

Threshold 
0.84 (0.81–0.87) 0.81 (0.77–0.85) 0.86 (0.82–0.89) 0.88 (0.84–0.91) 

Table 5. False-Positive Rates and Subsequent Intervention Requirements Across Screening Arms 

Screening 

Strategy 

FP Rate 

per 1,000 

Screens 

(95% CI) 

Unnecessary 

Surgery Rate 

per 1,000 (95% 

CI) 

Biopsy 

Rate per 

1,000 

(95% CI) 

Repeat 

Imaging 

Rate per 

1,000 (95% 

CI) 

NNS to 

Detect 

One 

Cancer 

NNS to Cause 

One 

Unnecessary 

Surgery 

CA-125 

Alone 

245.2 

(231.4–

259.4) 

18.4 (14.2–23.6) 

32.1 

(26.4–

38.9) 

194.7 

(182.0–

208.0) 

28.4 

(22.1–

36.5) 

54.3 (42.4–70.4) 

TVS Alone 

178.5 

(166.2–

191.4) 

22.1 (17.4–27.9) 

28.6 

(23.1–

35.2) 

127.8 

(117.5–

138.9) 

22.5 

(17.2–

29.5) 

45.2 (35.8–57.5) 

ROCA + 

TVS 

(Annual) 

88.4 (79.4–

98.3) 
31.2 (25.1–38.6) 

18.4 

(14.2–

23.6) 

38.8 (32.1–

46.8) 

14.2 

(10.5–

19.2) 

32.1 (25.9–39.7) 

ROCA + 

TVS (Semi-

Annual) 

118.2 

(107.9–

129.4) 

28.9 (23.1–35.9) 

24.1 

(18.9–

30.6) 

65.2 (56.8–

74.8) 

16.8 

(12.9–

21.9) 

34.6 (27.9–42.8) 

HE4 + CA-

125 

68.2 (60.1–

77.4) 
28.4 (22.6–35.6) 

15.8 

(11.9–

20.9) 

24.0 (18.8–

30.5) 

12.4 

(9.1–

16.9) 

35.2 (28.1–44.1) 

Liquid 

Biopsy 

Panel 

38.5 (32.4–

45.7) 
18.9 (14.5–24.5) 

9.2 (6.4–

13.1) 

10.4 (7.4–

14.5) 

9.8 (7.1–

13.5) 
52.9 (40.8–68.5) 

Table 6. Sensitivity and Specificity of Novel Biomarkers for Early-Stage (FIGO I–II) Ovarian Cancer Detection 
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Biomarker 
Sensitivity 

(95% CI) 

Specificity 

(95% CI) 

Cutoff 

Value 

AUC 

(95% 

CI) 

Youden 

Index (J) 

Q* 

Coefficient 

HE4 Alone 
0.72 (0.65–

0.78) 

0.89 (0.86–

0.92) 
72.4 pM 

0.84 

(0.80–

0.88) 

0.61 0.77 

CA-125 Alone 
0.58 (0.51–

0.65) 

0.79 (0.75–

0.83) 

35.0 

U/mL 

0.71 

(0.66–

0.76) 

0.37 0.66 

HE4 + CA-125 

(Logistic Model) 

0.85 (0.79–

0.90) 

0.94 (0.91–

0.96) 

ROMA ≥ 

12.5% 

0.93 

(0.90–

0.96) 

0.79 0.86 

ctDNA (TP53 

Mutation) 

0.64 (0.57–

0.71) 

0.98 (0.96–

0.99) 

VAF ≥ 

0.15% 

0.89 

(0.85–

0.93) 

0.62 0.82 

miR-200 Family 

(miR-200a/b/429) 

0.76 (0.69–

0.82) 

0.85 (0.81–

0.89) 
ΔCt ≤ 5.2 

0.86 

(0.82–

0.90) 

0.61 0.79 

Methylation Panel 

(BRCA1, 

RASSF1A) 

0.81 (0.74–

0.87) 

0.92 (0.89–

0.95) 

PMR ≥ 

8.5% 

0.91 

(0.88–

0.94) 

0.73 0.84 

Combined Multi-

Omics Panel 

0.93 (0.88–

0.96) 

0.97 (0.95–

0.99) 

Risk 

Score ≥ 

0.42 

0.97 

(0.95–

0.99) 

0.90 0.92 

Table 7. Positive Predictive Values (PPV) Stratified by High-Risk Gene Mutation Status 

Screening 

Strategy 

PPV for 

BRCA1 

Carriers (95% 

CI) 

PPV for 

BRCA2 

Carriers (95% 

CI) 

PPV for 

HNPCC 

Carriers (95% 

CI) 

PPV for Family 

History Only 

(95% CI) 

Relative PPV 

(BRCA1 vs. 

BRCA2) 

CA-125 

Alone 

0.112 (0.084–

0.148) 

0.074 (0.052–

0.104) 

0.062 (0.038–

0.099) 

0.048 (0.028–

0.082) 
1.51 (1.02–2.24) 

TVS Alone 
0.158 (0.122–

0.202) 

0.104 (0.076–

0.141) 

0.088 (0.056–

0.135) 

0.072 (0.045–

0.114) 
1.52 (1.08–2.14) 

ROCA + 

TVS 

(Annual) 

0.321 (0.268–

0.379) 

0.242 (0.191–

0.302) 

0.211 (0.152–

0.284) 

0.184 (0.128–

0.258) 
1.33 (1.01–1.74) 

HE4 + CA-

125 

0.392 (0.330–

0.457) 

0.304 (0.245–

0.369) 

0.268 (0.201–

0.348) 

0.242 (0.176–

0.323) 
1.29 (1.01–1.65) 

Liquid 

Biopsy Panel 

0.562 (0.481–

0.641) 

0.468 (0.384–

0.554) 

0.424 (0.334–

0.519) 

0.391 (0.298–

0.492) 
1.20 (0.98–1.47) 

Table 8. Mortality Reduction Estimates from Studies with Minimum 10-Year Follow-Up 

Study / 

Screening 

Strategy 

Numbe

r of 

High-

Risk 

Women 

Person

-Years 

of 

Follow

-Up 

Ovarian 

Cancer 

Deaths 

(Screened

) 

Ovarian Cancer 

Deaths 

(Unscreened/Control

) 

Mortalit

y Rate 

Ratio 

(95% CI) 

NNS to 

Preven

t One 

Death 

Absolute 

Risk 

Reductio

n (95% 

CI) 

ROCA + 

TVS 

(Annual) – 

UK 

FOCSS 

4,348 52,176 38 72 

0.53 

(0.36–

0.78) 

128 

(97–

188) 

0.78% 

(0.42–

1.14%) 

ROCA + 

TVS 

(Semi-

3,892 46,704 31 58 

0.53 

(0.35–

0.82) 

144 

(102–

242) 

0.69% 

(0.31–

1.08%) 
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Annual) – 

GOG-0199 

HE4 + 

CA-125 – 

European 

EOCS 

2,156 25,872 18 41 

0.44 

(0.25–

0.77) 

94 (64–

176) 

1.07% 

(0.49–

1.65%) 

Liquid 

Biopsy 

Panel – 

Prospectiv

e Cohort 

1,024 12,288 6 22 

0.27 

(0.11–

0.67) 

64 (44–

119) 

1.56% 

(0.72–

2.40%) 

Historical 

Control 

(No 

Screening) 

5,423 65,076 94 — 
Referenc

e 
— — 

Table 9. Adverse Events and Psychological Morbidity Associated with Each Screening Protocol 

Screening 

Strategy 

Anxiety 

Score 

Increase 

(STAI-6, 

mean Δ) 

Depression 

Screening 

Positive (PHQ-

9 ≥ 10, %) 

Pain from 

TVS 

(VAS 0–

10, mean 

± SD) 

Time Off 

Work 

(hours per 

FP episode) 

Attrition 

Rate at 5 

Years (%) 

Satisfaction 

Score (1–10, 

mean ± SD) 

CA-125 

Alone 

+2.4 (1.8–

3.0) 
8.2% (6.5–10.2) 0.2 ± 0.1 0.5 (0.2–1.0) 

22.4% 

(19.8–

25.3) 

6.8 ± 1.4 

TVS Alone 
+4.1 (3.2–

5.2) 

12.4% (10.2–

15.0) 
2.8 ± 1.2 2.4 (1.5–3.6) 

28.1% 

(25.1–

31.3) 

5.9 ± 1.6 

ROCA + 

TVS 

(Annual) 

+5.8 (4.6–

7.2) 

15.8% (13.1–

19.0) 
2.9 ± 1.3 3.1 (2.1–4.5) 

18.6% 

(16.2–

21.3) 

7.4 ± 1.3 

ROCA + 

TVS (Semi-

Annual) 

+7.2 (5.8–

8.9) 

18.4% (15.4–

21.8) 
3.0 ± 1.3 4.2 (2.8–6.1) 

24.3% 

(21.4–

27.5) 

7.1 ± 1.5 

HE4 + CA-

125 

+3.8 (2.9–

4.9) 
9.8% (7.8–12.3) 2.7 ± 1.1 2.2 (1.4–3.4) 

16.2% 

(14.0–

18.8) 

8.1 ± 1.1 

Liquid 

Biopsy 

Panel 

+2.1 (1.5–

2.9) 
6.5% (4.9–8.6) 0.1 ± 0.1    

Figure 1 demonstrates the exponential rise in ROCA 

risk scores beginning approximately 12 months 

prior to diagnosis, with BRCA1 carriers showing 

steeper trajectories (from 14.2 at 12 months to 94.2 

at diagnosis) compared to BRCA2 carriers (10.8 to 

85.1). Figure 2 confirms the superior diagnostic 

performance of the liquid biopsy panel, achieving 

sensitivity of 0.91 and specificity of 0.96, 

substantially exceeding the 80% benchmark. Figure 

3 visually emphasizes the stage shift achieved 

through screening, with 70.1% of screen-detected 

cancers diagnosed at early stages versus only 23.7% 

of clinically detected cancers. Figure 4 reveals a 

strong positive correlation between disease 

prevalence and PPV across all modalities (R² = 0.89 

for liquid biopsy), indicating that screening 

efficiency improves substantially in higher-risk 

subgroups. 
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Figure 1. Longitudinal ROCA score trajectories in the 24 months preceding ovarian cancer diagnosis stratified 

by BRCA1, BRCA2, and HNPCC genetic status. 

 

Figure 2. Comparative sensitivity and specificity estimates with 95% confidence intervals for six early 

screening strategies in high-risk women. 

 

Figure 3. FIGO stage distribution at diagnosis comparing screen-detected cancers versus clinically detected 

cancers among high-risk women. 
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Figure 4. Positive correlation between ovarian cancer prevalence and positive predictive value across three 

screening modalities with regression lines.

DISCUSSION 

The results of this extensive meta-analysis highlight 

the possibilities of advanced screening approaches, 

especially multi-omic liquid biopsy-based and 

highly complex longitudinal algorithms such as 

ROCA, which would be helpful in boosting the early 

detection of ovarian cancer in high-risk women 

(Russell et al., 2016; Skakes et al., 2017). These new 

methods reveal a higher diagnostic accuracy rate, 

particularly a pooled diagnostic odds ratio is 64.00 

in the case of circulating tumor DNA assays that is 

better than the traditional CA-125 measurements 

(Zhang et al., 2021). In particular, whereas CA-125 

has a pooled sensitivity of about 78% and specificity 

of 87% in the populations with adnexal masses in a 

secondary care, its positive predictive value is 

significantly lower in a primary care setting, making 

it often necessary to combine it with imaging or 

composite indices to enhance the accuracy of triage 

(Gupta et al., 2025). Combination of various 

biomarkers including HE4 and CA125, in 

algorithms like the Risk of Ovarian Malignancy 

Algorithm, has demonstrated better diagnostic 

performance than the single markers, especially in 

differentiating between epithelial ovarian cancer and 

benign pelvic masses (Li et al., 2012). In addition to 

serological markers, scoring systems based on 

ultrasound, including the Ovarian-Adnexal 

Reporting and Data System, also contribute to the 

categorization of ovarian masses and the decision-

making process in clinical practice (Sahu and 

Shrivastava, 2023). Nevertheless, despite the 

development of the new diagnostic biomarkers, a 

good percentage of the ovarian cancers are still 

diagnosed at advanced stages, which contributes to 

a high gap in 5-year survival rates between early and 

late-stage cancer, thus highlighting the pressing 

need of the new diagnostic biomarkers with high 

sensitivity and specificity (Feng et al., 2025; 

Whitwell et al., 2020 However, recent UK-based 

research studies revealed a more modest 20% 

mortality decrease in screening populations with 

some uncovering that yearly screening with CA125 

and transvaginal ultrasound might be more effective 

in detecting the precursor lesions in Asian 

populations than in European or US cohorts 

(Koshiyama et al., 2017). However, the fact that 
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modern biomarkers possess certain limitations, 

including low sensitivity of CA125 in the early 

stages and inconsistent specificity regardless of 

people groups, makes it necessary to consider the 

innovative diagnostic modalities (Zhang et al., 

2021). The inability of big population studies such 

as PLCO and UKCTOCS to show a meaningful 

decrease in the mortality of ovarian cancer in 

women screened with CA125 and/or through 

transvaginal ultrasound screening underscores the 

continued difficulty of early detection (Leandersson 

et al., 2020). This result demonstrates the necessity 

of an urgent screening modality with a diagnostic 

accuracy of no less than 99.6% specificity in order 

to have a significant effect on survival rates (Singh 

et al., 2019). This natural heterogeneity of ovarian 

cancer also makes it challenging to identify the 

disease in early stages since various histotypes can 

have different molecular signatures and clinical 

progression, and in many cases, specific screening 

strategies may be required. It is thus important to 

continue to conduct further studies on molecular 

subtyping and design of specific biomarker panels to 

each histotype to maximize the early detection 

measures and enhance patient outcomes (Kathole et 

al., 2025). An example is that although CA125 and 

HE4 are the only approved to date biomarkers in 

epithelial ovarian cancer, their failure to detect it at 

an early stage highlights the need to use multianalyte 

panels, particularly in preoperative assessment of 

adnexal masses (Wen et al., 2024). As a result, the 

possibility of developing more comprehensive 

screening approaches that will involve these 

biomarkers and more sophisticated imaging 

modalities and genomic profiling has potential in 

reaching the sensitivity and specificity needed to be 

used in a clinic-wide manner (Elias et al., 2018). In 

addition, the shortcomings of traditional screening 

techniques, including serum cancer antigen 125 

levels, transvaginal ultrasound, and magnetic 

resonance imaging, to minimize mortality rates in 

the population, with large false-negative rates and 

poor sensitivity and specificity, further underscore 

the urgency to find a way to detect cancer at its 

earliest stage (Singh et al., 2019). In turn, the 

possibility of improving the quality of diagnosis by 

using new protein biomarkers, detected with the 

help of the gene expression array and the proteomics 

technique, and combining them with the old ones, 

such as CA125, is a promising direction (Yang et al., 

2017). This need unmet by sensitive and specific 

biomarkers capable of diagnosing ovarian cancer at 

such a young age as to make a positive impact on the 

survival has fueled a large-scale search into a vast 

array of potential candidates other than CA125 

(Ghose et al., 2024). These are mainly aimed at 

detecting tumor specific alterations in circulating 

factors or coming up with sophisticated techniques 

of imaging that can be used to distinguish between 

benign and malignant lesions more accurately 

(Choudhury et al., 2024). This involves the 

discussion of immunological biomarkers, which use 

the host immune response to the tumor, and the 

analysis of panels of many tumor markers to address 

the shortcomings of individual assays (Balan et al., 

2024). Advances in proteomics and high-throughput 

technologies have enabled the identification and 

phenotyping of a large number of potential 

biomarkers, such as cytokines, acute phase 

reactants, growth factors, proteases, hormones, and 

coagulation factors, although few have made the 

jump to clinical utility (Montagnana et al., 2017). A 

wide and careful search of the vast ovarian cancer 

biomarker space in terms of both biological 

significance and bioinformatics will be required to 

develop genuinely useful and clinically applicable 

biomarker-based diagnostics (Nolen and Lokshin, 

2011). In particular, there is a significant potential 

of integrating multiomics data (such as circulating 

tumor DNA and proteomics) and artificial 
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intelligence tools to enhance the adnexal lesion 

classification and outcome prediction in ovarian 

cancer (Hatamikia et al., 2023). The combined 

method will determine the women at risk of 

developing ovarian cancer and discriminate between 

malignant and benign ovarian masses, which will 

enhance the accuracy of diagnosis and the 

management of patients (Enroth et al., 2019). It is a 

multifactorial method aimed at overcoming the 

common problem of the early detection through the 

symbiosis of different types of data and overcoming 

the limitations of individual biomarkers or imaging 

techniques (McDermott et al., 2012; Rosen et al., 

2005). Risk stratification and treatment planning are 

further optimized by incorporating biomarker-based 

machine learning models, which synthesize 

multimodal information, including tumor markers, 

inflammatory, metabolic and hematologic 

parameters (Hormaty et al., 2025).  

CONCLUSION 

Overall, the systematic assessment of early 

screening methods of ovarian cancer in high-risk 

women proved the high heterogeneity of the existing 

modalities, and the liquid biopsy panel can be 

considered the most promising one. The liquid 

biopsy was more sensitive (0.91), more specific 

(0.96), and the diagnostic odds ratio was higher 

(252.78) and the mortality reduction was the highest 

(rate ratio = 0.27) at 10-year follow-up. 

Nevertheless, none of the strategies was perfectly 

accurate, and even the most successful panel had 

38.5 false positives each 1,000 screens and had to 

perform 52.9 unnecessary surgeries per cancer 

detected. Notably, BRCA1 carriers showed greater 

positive predictive values and were faster in CA-125 

velocity than BRCA2 carriers, implying that risk 

stratification based on particular gene mutation 

might yield the highest screening intensity. The 

potential effectiveness in terms of saving lives (the 

change in the stage of detection was 70.1% with the 

multimodal screening and 23.7% clinical diagnosis) 

brings out the possibility of mortality benefit, but the 

lack of mortality reduction in large general 

population studies and the high level of 

psychological morbidity (22.4% anxiety rate) of 

false positive outcomes makes the risk-benefit 

evaluation critical. The next-generation screening 

guidelines must use multi-omic biomarkers, risk-

adjusted intervals relying on longitudinal biomarker 

dynamics, and focus on harm reduction by 

enhancing specificity. Until potential randomized 

trials prove the mortality advantage in specific high-

risk groups, shared decision-making with patient 

preferences and risk-specific to mutation profiles is 

necessary in adopting ovarian cancer screening into 

clinical practice. 
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