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Abstract

Background: Ovarian cancer remains the most lethal gynaecological malig-
nancy, with survival closely linked to stage at diagnosis. Cancer antigen 125
(CA 125) is a long-established biomarker that, when interpreted within clini-
cal context, aids early identification of women at risk. Objective: This narra-
tive review evaluates the biological basis, diagnostic performance, and con-
temporary clinical role of CA 125 in the evaluation of suspected ovarian can-
cer, integrating evidence across primary and secondary care and summarising
cost-effectiveness and emerging adjuncts. Methods: A narrative synthesis was
conducted using PubMed, Web of Science, and guideline databases to March
2025. Studies describing CA 125 performance, transvaginal ultrasound (TVUS)
integration, or validated risk algorithms (RMI, ROMA, ROCA) were priori-
tised. Evidence from population cohorts, meta-analyses, and national guid-
ance (NICE NG12, CG122, NG241) was reviewed. Results: CA 125 shows
pooled sensitivity of ~78% and specificity of ~87% in secondary-care popula-
tions with adnexal masses but markedly lower positive predictive value in pri-
mary care (=10% at 235 U/mL). Combining CA 125 with TVUS or composite
indices such as the Risk of Malignancy Index improves triage accuracy. Popu-
lation screening using CA 125—alone or with ROCA—does not reduce ovar-
ian-cancer mortality and is not cost-effective. In high-risk women declining
or deferring risk-reducing salpingo-oophorectomy, ROCA-based surveillance
may be a cost-effective interim option. Emerging markers (HE4) and artificial-
intelligence-based ultrasound classifiers enhance discrimination but require
prospective validation. Conclusions: CA 125 remains integral to symptom-
led diagnostic pathways when combined with structured imaging and risk al-
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gorithms. Its limitations—reduced sensitivity in early-stage disease and non-
specific elevation in benign states—preclude population screening but support
selective use for triage, early referral, and multidisciplinary management.
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1. Introduction

Ovarian cancer is a formidable public health challenge and remains the most le-
thal gynaecological malignancy. Survival is closely linked to stage at diagnosis,
with significantly better outcomes in early disease, which underlines the critical
importance of timely detection [1]. Presentation is often insidious because symp-
toms such as abdominal bloating, early satiety, pelvic discomfort, and urinary fre-
quency are common and non-specific. This symptom ambiguity contributes to
delays across primary and secondary care, so simple, reliable, and accessible diag-
nostic tools are essential to aid earlier identification [2].

Multiple efforts have evaluated population screening, but large trials have not
demonstrated a reduction in ovarian cancer mortality. As a result, national and
international bodies do not recommend general population screening for ovarian
cancer [3]. Despite this, cancer antigen 125 (CA 125) remains a vital component
of the diagnostic process for women who present with symptoms suggestive of
ovarian malignancy and is incorporated into guideline-endorsed pathways, in-
cluding those of the National Institute for Health and Care Excellence [4] [5].

Cancer antigen 125 is an imperfect marker. Elevation is not cancer-specific and
occurs in numerous benign and physiological states, while not all ovarian cancers,
particularly early-stage and certain non-serous histotypes, raise the marker. Con-
sequently, interpretation requires a clinical context and the integration of struc-
tured transvaginal ultrasound and formalised risk assessment models, such as the
Risk of Malignancy Index, to support appropriate triage and referral to specialist
multidisciplinary care [6]-[9].

This narrative review examines the biological basis and limitations of cancer
antigen 125, critically evaluates its diagnostic performance across care settings,
and positions the marker within contemporary, guideline-based diagnostic path-
ways. The overarching aim is to clarify when and how cancer antigen 125 adds
value in the evaluation of suspected ovarian cancer and to highlight practical strat-
egies that minimise harm from false positives while expediting referral of women

at genuine risk.

2. Review

Biological basis of cancer antigen 125
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Cancer antigen 125, also known as MUCI6, is a high molecular weight trans-
membrane glycoprotein encoded by the MUC16 gene located on chromosome
19p13.2. It was first identified in 1981 through the development of the monoclonal
antibody OC125, which reacted with an ovarian cancer cell line, leading to the
discovery of cancer antigen 125 as a tumour-associated antigen [10]. Structurally,
MUCI6 is characterised by a large, heavily glycosylated extracellular domain, a
single-pass transmembrane region, and a cytoplasmic tail. The extensive glycosyl-
ation contributes to its function and stability, particularly in shielding epithelial
surfaces from environmental insults and modulating immune responses. Cancer
antigen 125 is normally expressed on the surface of mesothelial cells lining the
peritoneal, pleural, and pericardial cavities, as well as other coelomic epithelium-
derived tissues, suggesting a physiological role in lubrication and defence of sero-
sal membranes [11].

In the context of epithelial ovarian cancer, particularly high-grade serous car-
cinoma, cancer antigen 125 is markedly overexpressed and aberrantly shed into
the peritoneal cavity and bloodstream. This process enables its detection in serum,
forming the basis for its use in clinical diagnostics. Mechanistically, cancer antigen
125 contributes to tumour progression by facilitating peritoneal metastasis. It en-
hances adhesion between ovarian cancer cells and the mesothelial lining of the
peritoneum, a critical step in the dissemination of tumour cells within the ab-
dominal cavity. Additionally, the bulky and glycosylated extracellular region of
cancer antigen 125 may serve as a physical barrier against immune surveillance,
thereby promoting immune evasion and aiding in tumour cell survival and im-
mune suppression within the tumour microenvironment [12].

From a clinical perspective, serum cancer antigen 125 levels are elevated in ap-
proximately eighty percent of women with advanced-stage epithelial ovarian can-
cer [13]. However, its utility as a screening biomarker is limited by reduced sensi-
tivity in early-stage disease, with elevated levels observed in only around fifty per-
cent of International Federation of Gynecology and Obstetrics stage I cases [14].
This disparity significantly reduces the effectiveness of cancer antigen 125 as a
standalone tool for early detection. Moreover, expression is histotype-dependent.
While serous subtypes of ovarian cancer typically produce high levels of cancer
antigen 125, other histological variants such as mucinous, clear cell, and germ cell
tumours may not express the antigen at detectable levels. This leads to potential
false-negative results and highlights the heterogeneity of ovarian cancer biology
[15].

Adding to its complexity, cancer antigen 125 is not specific to malignancy. It is
frequently elevated in a variety of benign and physiological conditions, particu-
larly among premenopausal women. For instance, menstruation, pregnancy, and
ovulation can all transiently raise cancer antigen 125 levels. Pathological states
such as endometriosis, pelvic inflammatory disease, benign ovarian cysts, and fi-
broids are also common causes of elevation in the absence of malignancy. Beyond

gynaecological disorders, cancer antigen 125 levels may increase in systemic and
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inflammatory conditions such as hepatic cirrhosis, peritonitis, pleuritis, and con-
gestive heart failure. These numerous confounding variables greatly diminish
specificity, especially in primary care or general screening populations where the
pre-test probability of ovarian cancer is low [16].

In conclusion, cancer antigen 125 is a biomarker deeply intertwined with the
biology of epithelial ovarian cancer. Its discovery has significantly influenced the
diagnostic and monitoring landscape for this malignancy. Nevertheless, its limited
sensitivity in early-stage disease, lack of tumour specificity, and variable expres-
sion across histological subtypes restrict standalone utility. Understanding the
molecular biology and expression profile of cancer antigen 125 is crucial for ap-
preciating both its clinical value and its limitations. As such, cancer antigen 125
should not be viewed in isolation but rather as one component of a multimodal
diagnostic strategy-integrated with clinical assessment, imaging studies, and vali-
dated risk assessment tools such as the risk of malignancy index or the risk of
ovarian malignancy algorithm. Ongoing research into novel biomarkers and pan-
els aims to build upon its legacy, with the goal of improving early detection and
outcomes for women affected by ovarian cancer.

Diagnostic performance of cancer antigen 125

Overview of Clinical Utility: The clinical application of cancer antigen 125 as a
diagnostic biomarker for ovarian cancer has been extensively explored. Numerous
systematic reviews and meta-analyses have assessed performance, particularly in
secondary and tertiary care settings where women often present with adnexal
masses. In an early comprehensive review, Myers and colleagues reported pooled
sensitivity and specificity of seventy-eight percent in detecting ovarian malig-
nancy among women referred for further assessment [17]. A subsequent meta-
analysis by Medeiros and colleagues corroborated these findings, reporting sensi-
tivity of eighty percent and specificity of seventy-five percent, underscoring ro-
bustness across studies [18]. These figures are clinically meaningful; however, they
are derived from enriched populations with higher prevalence and therefore have
limited generalisability to primary care.

Limitations in Primary Care: Performance is substantially compromised in low-
prevalence environments such as primary care, where women may present with
vague, non-specific symptoms rather than overt pelvic masses. In this context, the
positive predictive value-the likelihood that a positive test reflects true disease-is
low. In a large United Kingdom population-based cohort, among symptomatic
women with elevated cancer antigen 125 the positive predictive value for ovarian
cancer was only around one percent, highlighting the challenge of relying on this
marker in undifferentiated populations [2]. False positives can result in unneces-
sary investigations, specialist referrals, patient anxiety, and even surgery, contrib-
uting to healthcare burden and potential morbidity.

Evidence gap note: Direct pooled accuracy for the full, two-step primary-care
CA125-5>TVUS pathway is not available; we therefore present in Table 1, primary-
care CA125 accuracy and a validated secondary-care proxy (RMI) [3] [19].
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Table 1. Setting-specific test performance relevant to UK pathways.

Setting/Test

Threshold  Sensitivity Specificity PPV NPV Source

Primary care: CA125 alone

Funston et al,

(symptomatic women in UK 235U/mL 77.0% 93.8% 10.1% 99.8% PLOS Med 2020
general practice; n = 50,780) [2]
Secondary care proxy for CA125
+ TVUS: RMI (integrates CA125, RMI-I > 200 - ~78% oy Varies with Varies with Ngu et al., Cancers
menopausal status, ultrasound 250 T e prevalence prevalence 2022 [19]

morphology), pooled

Illustrative PPV/NPV for RMI at

typical prevalences

10% prev > 40.0%; 10% prev > 97.3%;  Derived from
30% prev > 72.0% 30% prev > 90.2%  pooled Se/Sp

Role in Combination with Transvaginal Ultrasound: To mitigate these limita-
tions, cancer antigen 125 is often combined with transvaginal ultrasound. This
dual-modality approach enhances diagnostic accuracy and improves risk stratifi-
cation. When both cancer antigen 125 and transvaginal ultrasound are abnormal,
the likelihood of malignancy rises significantly. Conversely, when both tests are
normal, the negative predictive value can exceed ninety-nine point nine percent,
providing strong reassurance and avoiding over-investigation of benign condi-
tions [2] [17].

Structured Diagnostic Algorithms—Risk of Malignancy Index and Risk of Ovar-
ian Malignancy Algorithm: Rather than relying on a single biomarker, structured
tools integrate multiple parameters. The risk of malignancy index combines the
cancer antigen 125 concentration, ultrasound findings, and menopausal status to
yield a risk score and is widely endorsed in United Kingdom clinical guidance
(including National Institute for Health and Care Excellence NG12) for triaging
women with suspected ovarian cancer and determining the need for referral to a
specialist gynaecological oncology centre [4]. The risk of ovarian malignancy al-
gorithm incorporates cancer antigen 125 and human epididymis protein four lev-
els, alongside menopausal status, and has shown promise in distinguishing benign
from malignant adnexal masses. Although less commonly used in the United
Kingdom, it is gaining traction elsewhere due to enhanced discriminatory capac-
ity [8].

Clinical Interpretation and Recommendations: Across secondary-care studies,
RMI (pooled sensitivity = 78%, specificity = 87%) and ROMA (HE4 + CA125
+ menopausal status) generally outperform CA125 alone; ROMA often yields
higher sensitivity at comparable specificity—especially in premenopausal women—
while contemporary head-to-head work indicates the ultrasound-based IOTA
ADNEX model can exceed both for overall discrimination and net benefit [19]-
[21].

Given limited specificity and sensitivity in certain contexts, cancer antigen 125
should not be used in isolation as a diagnostic tool. It functions best as one com-
ponent of a multimodal strategy, where interpretation is informed by clinical con-

text, imaging results, and formal risk assessment. An elevated cancer antigen 125
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should prompt further evaluation rather than immediate surgical intervention.
The National Institute for Health and Care Excellence recommends that women
with elevated cancer antigen 125 and abnormal imaging be referred via a two-
week suspected cancer pathway [4]. Algorithmic approaches help minimise un-
necessary procedures while ensuring that patients with genuine malignancies re-
ceive timely care.

Current National Institute for Health and Care Excellence guidelines and clin-
ical pathways

Evaluation of suspected ovarian cancer in the United Kingdom is governed by
structured guidance from the National Institute for Health and Care Excellence,
which aims to standardise investigation, improve early detection, and reduce un-
necessary interventions. The guidance (NG12) outlines a tiered approach begin-
ning in primary care with symptom recognition and progressing through bio-
chemical testing, imaging, and risk stratification tools, ultimately leading to ur-
gent referral when warranted [4].

Symptom recognition is the cornerstone of initial assessment. Clinicians should
remain alert to possible ovarian cancer in any woman-particularly those over fifty
years-who presents with persistent, non-specific abdominal or pelvic symptoms.
These include abdominal distension or bloating, early satiety or reduced appetite,
pelvic or abdominal pain, and increased urinary urgency or frequency. Symptoms
should occur frequently (more than twelve times per month) and be persistent to
justify further investigation; this threshold filters transient or functional symp-
toms and improves specificity [4]. Caution is advised when diagnosing new-onset
irritable bowel syndrome in women over fifty without excluding gynaecological
malignancy, since irritable bowel syndrome rarely presents de novo in this age
group [4].

The first-line investigation is a serum cancer antigen 125 test, which is widely
accessible in primary care. A threshold of greater than or equal to 35 international
units per millilitre is considered abnormal and should prompt further evaluation
[4]. Interpretation must be contextual: elevations occur in benign conditions in-
cluding menstruation, endometriosis, pelvic inflammatory disease, fibroids, liver
cirrhosis, and peritonitis, limiting specificity. Conversely, a normal cancer antigen
125 does not exclude ovarian cancer, especially in early-stage disease or in non-
serous histological subtypes [4].

If cancer antigen 125 is elevated, the next recommended step is transvaginal
ultrasound of the pelvis. Transvaginal ultrasound provides superior resolution for
adnexal masses compared with abdominal ultrasound, allowing detailed morpho-
logical assessment of features such as solid areas, papillary projections, multiloc-
ulated cysts, bilateral involvement, ascites, and vascularity-features that may sug-
gest malignancy [5]. Scan findings contribute to formalised risk assessment and
inform subsequent investigation or referral.

To aid decision-making, the risk of malignancy index is advocated. It is calcu-

lated as cancer antigen 125 X ultrasound score x menopausal status score, where
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the ultrasound score is 0 (no suspicious features), 1 (one suspicious feature), or 3
(two or more suspicious features), and the menopausal status score is 1 if premen-
opausal or 3 if postmenopausal. A risk of malignancy index of greater than or
equal to 250 indicates high malignancy risk and triggers urgent two-week referral
to a specialist multidisciplinary team at a recognised gynaecological oncology cen-
tre [5]. Surgery for suspected ovarian cancer should be undertaken by subspecial-
ists in gynaecological oncology, which improves surgical outcomes and survival
[22]. When cancer antigen 125 is elevated but transvaginal ultrasound findings
are normal, consider other causes of elevation. If no alternative explanation is ev-
ident, repeat cancer antigen 125 testing after four to six weeks to assess trends; a
rising level should prompt additional imaging, such as computed tomography of
the abdomen and pelvis, or secondary-care referral for further evaluation [4]. A
single raised cancer antigen 125 alone is not sufficient to warrant immediate re-
ferral or surgery; a stepwise, evidence-based approach integrates laboratory, im-
aging, and clinical data to prioritise women with malignancy while avoiding un-
necessary escalation in those with benign disease [4] [5].

Screening role and Iimitations of cancer antigen 125

Cost-effectiveness: In the general population, modelling alongside UKCTOCS
indicates that CA125-based strategies (including ROCA) are not cost-effective
without a confirmed mortality benefit. In contrast, ROCA-based surveillance in
BRCA1/2 carriers who defer RRSO appears cost-effective in the NHS (ALDO).
For secondary-care triage of adnexal masses, economic studies suggest that adding
serum biomarkers to high-quality ultrasound offers limited incremental value rel-
ative to ultrasound-centred strategies [5] [23]-[25].

Limitations in Early Detection: Despite widespread diagnostic use, application
for screening asymptomatic populations-particularly for early detection-remains
constrained. Insufficient sensitivity for early-stage disease, especially International
Federation of Gynecology and Obstetrics stage I epithelial ovarian cancer, is the
core limitation. In this subset, cancer antigen 125 is elevated in only approxi-
mately fifty percent of cases [14]. Thus, half of early-stage cancers may be missed
when relying on a single threshold. Early detection strongly influences survival,
with five-year survival for stage I disease exceeding ninety percent versus less than
thirty percent for advanced stages [26].

Pathobiology helps explain underperformance: early tumours are small, non-
serous histotypes (mucinous, clear cell, endometrioid) may not secrete detectable
levels, and peritoneal spread that contributes to elevation is typically absent [15].
Temporal variability means levels may rise late in the tumour’s course; early neo-
plasms may fall below the established threshold of greater than or equal to 35 in-
ternational units per millilitre. Menstrual phase, hormonal status, and comorbid-
ities add variability and reduce reliability for screening. Serial monitoring and al-
gorithm-based interpretation-such as the risk of ovarian cancer algorithm-im-
prove characteristics slightly, especially in high-risk groups, but do not overcome

poor sensitivity for stage I disease [27]. In the United Kingdom Collaborative Trial
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of Ovarian Cancer Screening, although multimodal screening improved stage
shift, the lack of mortality benefit was attributed in part to insufficient early de-
tection.

Specificity Challenges and False Positives: The lack of specificity further re-
stricts screening utility. Physiological fluctuations (for example, menstruation and
early pregnancy) and benign gynaecological conditions (endometriosis, pelvic in-
flammatory disease, fibroids, benign ovarian cysts) can elevate cancer antigen 125
[16] [28]. Non-gynaecological conditions such as liver cirrhosis, peritoneal tuber-
culosis, congestive heart failure, pleural effusions, and peritonitis also raise levels;
chronic hepatic dysfunction may impair clearance and spuriously increase values
[28]. In low-prevalence screening populations the positive predictive value is
markedly reduced, leading to large numbers of false positives, unnecessary imag-
ing (including transvaginal ultrasound and computed tomography), and occa-
sional diagnostic laparoscopy or laparotomy, with associated risks. Psychological
impacts include anxiety and reduced quality of life. In the United Kingdom Col-
laborative Trial of Ovarian Cancer Screening, cancer antigen 125-based screening
improved stage at diagnosis but resulted in substantial over-diagnosis and over-
treatment in benign conditions [3].

Evidence from Large-scale Trials: The role of cancer antigen 125 in screening
has been shaped by major trials, notably the United Kingdom Collaborative Trial
of Ovarian Cancer Screening. This multicentre randomised controlled trial en-
rolled more than 202,000 postmenopausal women between 2001 and 2005 across
thirteen National Health Service centres in England, Wales, and Northern Ireland
[27]. Participants were randomised to no screening, multimodal screening (an-
nual serum cancer antigen 125 interpreted with the risk of ovarian cancer algo-
rithm and transvaginal ultrasound if abnormal), or ultrasound screening alone.
Multimodal screening produced a statistically significant stage shift towards ear-
lier disease [27] but did not significantly reduce disease-specific mortality at a me-
dian follow-up of 16.3 years (hazard ratio 0.94, 95 percent confidence interval 0.88
- 1.02; p = 0.10) [3]. A pre-specified analysis excluding prevalent cases suggested
a possible mortality reduction of up to twenty percent after seven to ten years, but
this lacked statistical power and consistency to change practice [3]. The United
States Prostate, Lung, Colorectal and Ovarian trial likewise showed no mortality
benefit with fixed-threshold cancer antigen 125 or ultrasound screening, with ad-
ditional limitations such as control-arm contamination [29]. Collectively, these
findings underpin recommendations against routine population-based screening
[30].

Current Clinical Recommendations: Across guideline bodies-the United States
Preventive Services Task Force, the American College of Obstetricians and Gyne-
cologists, and the National Institute for Health and Care Excellence-the consensus
is to avoid population screening with cancer antigen 125, alone or with ultra-
sound, in average-risk, asymptomatic women [4] [30] [31]. Harms include false

positives, unnecessary imaging and surgery, psychosocial distress, and oppor-
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tunity costs that may divert resources from higher-value care [32]. In high-risk
individuals, risk-reducing surgery remains the recommended strategy; surveil-
lance may be considered when surgery is declined or deferred, with counselling
that monitoring is not equivalent to prevention [33].

Role in High-risk Populations

Despite limitations in the general population, cancer antigen 125 may have a
role in surveillance of women at high risk, such as carriers of germline BRCA1
and BRCA2 pathogenic variants or those with strong family histories suggestive
of hereditary breast and ovarian cancer syndrome. Annual or semi-annual sur-
veillance with cancer antigen 125 and transvaginal ultrasound has been proposed
as a risk-management strategy, but survival benefit remains limited. For con-
firmed carriers, risk-reducing salpingo-oophorectomy after childbearing-typically
by thirty-five to forty years for BRCA1 and forty to forty-five years for BRCA2-
significantly reduces ovarian and breast cancer incidence; surveillance is an ad-
junct for those who decline or defer surgery.

Age and Cancer Antigen 125 Interpretation

High-risk carriers (BRCA1/2 and selected DNA-repair genes): NICE NG241
(2024) recommends risk-reducing bilateral salpingo-oophorectomy after gene-
and age-specific thresholds (e.g., BRCA1 = 35y; BRCA2 > 40y). For those who
defer or decline surgery, surveillance should be framed as short-term manage-
ment: serial 4-monthly CA125 with an algorithm (e.g., ROCA) within a specialist
service, with regular review to re-discuss surgery; surveillance does not reduce in-
cidence and is not an alternative to RRSO. The NHS ALDO prospective study
reported feasible delivery, down-staging of detected cancers and favourable cost-
effectiveness versus no surveillance, informing the guidance [21] [34].

Age strongly modifies post-test probability: In women over fifty years, a cancer
antigen 125 concentration above the conventional threshold of 35 units per milli-
litre carries a markedly higher risk of malignancy than in younger women. In a
primary-care cohort, the risk of ovarian cancer following a raised result was ap-
proximately fifteen percent in older women versus about three percent in women
under fifty years [2]. Baseline values tend to decrease with age, particularly after
menopause [35]. Consequently, a mildly elevated result can be more concerning
in a seventy-year-old than in a thirty-year-old. The cancer antigen 125 level cor-
responding to a three percent probability of ovarian cancer (the National Institute
for Health and Care Excellence threshold for urgent investigation) varied by age-
from 104 units per millilitre at forty years to 32 units per millilitre at seventy years
[2]. Serial measurement and trend-based approaches such as the risk of ovarian
cancer algorithm, which incorporate age and trajectories, may detect rising pat-
terns within the reference range, although these methods are largely confined to
research or specialist settings [36].

Alternative biomarkers and future directions

Dynamic, age-adjusted thresholds: Rather than a single fixed 35 U/mL cut-off,
the Risk of Ovarian Cancer Algorithm (ROCA) models an individual’s longitudi-
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nal CA125 trajectory with age/menopausal status to estimate short-term risk and
trigger imaging when the rate-of-rise is suspicious. Large trials (UKCTOCS)
showed stage shift but no mortality reduction in population screening; accord-
ingly, population screening is not recommended. However, NICE NG241 (2024)
advises serial CA125 interpreted with an algorithm (e.g., ROCA) only for high-
risk carriers who defer risk-reducing salpingo-oophorectomy, delivered within
specialist familial ovarian cancer services [3] [21].

Human epididymis protein four: This glycoprotein is overexpressed in serous
and endometrioid epithelial ovarian cancers and is rarely elevated in benign gy-
naecological conditions, offering greater specificity than cancer antigen 125 in
some settings [7]. In comparative studies, human epididymis protein four outper-
formed cancer antigen 125 in distinguishing malignant from benign adnexal
masses, particularly among postmenopausal women [9].

Risk of ovarian malignancy algorithm: By combining human epididymis pro-
tein four, cancer antigen 125, and menopausal status, this algorithm classifies
women into low- or high-risk categories and has demonstrated higher sensitivity
and specificity than cancer antigen 125 alone across multiple validation cohorts
[8] [9]. Adoption is limited by assay variability, cost, and access to human epidi-
dymis protein four testing.

Circulating tumour deoxyribonucleic acid: Tumour-derived deoxyribonucleic
acid fragments in blood offer a non-invasive route to detection. Early studies sug-
gest utility for recurrence monitoring and potentially for early diagnosis, though
sensitivity for early-stage disease remains under evaluation [37].

Micro-ribonucleic acid profiling: Specific circulating micro-ribonucleic acid
signatures show high diagnostic accuracy for distinguishing ovarian cancer from
benign conditions, including in early-stage disease [38].

Proteomic profiling: High-throughput proteomics can identify complex pro-
tein patterns associated with malignancy, with integrative proteogenomic studies
mapping signatures across ovarian cancer subtypes [15].

Artificial intelligence and machine learning: Data-driven models that integrate
clinical risk factors, biomarkers, and imaging can generate personalised risk scores
and may outperform traditional statistical models, but require prospective valida-
tion before clinical implementation [39].

Recent Al studies show promising performance for adnexal-mass classification
using ultrasound deep learning/radiomics, and multimodal models that integrate
CA125/HE4 can improve specificity compared with imaging alone; nevertheless,
IOTA ADNEX remains a strong benchmark and prospective, multi-centre exter-

nal validation is required before routine adoption [21] [40]-[42].

3. Conclusions

Cancer antigen 125 remains integral to the evaluation of women with suspected
ovarian cancer when it is interpreted within clinical context and combined with

structured transvaginal ultrasound and validated risk models. Used this way, it
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supports triage, standardises referral to specialist multidisciplinary teams, and
helps avoid unnecessary intervention in women with benign disease. Its limita-
tions are well defined: reduced sensitivity in early-stage disease, lack of tumour
specificity across many benign and physiological states, and variable expression
by histotype. These constraints explain why population screening with cancer an-
tigen 125, alone or with ultrasound, is not recommended. In practice, the greatest
clinical value arises in symptom-led pathways that incorporate age-aware inter-
pretation, repeat testing when appropriate, and a stepwise approach to escalation
that prioritises patient safety and resource stewardship.

Limitations: The evidence base shows spectrum effects between primary- and
secondary-care cohorts; CA125 assays and ultrasound expertise vary across stud-
ies; no pooled accuracy exists for the complete two-step CA1255>TVUS pathway
in primary care; evidence for emerging biomarkers (e.g., HE4/ROMA) is moder-
ate/heterogeneous; and dynamic/AI models need external validation and impact
studies before widespread implementation.

Future improvements in early detection will likely come from a multimodal
strategy rather than reliance on a single biomarker. Human epididymis protein
four and risk algorithms that integrate multiple inputs can refine pre-test and
post-test probabilities in selected settings, while emerging molecular diagnostics,
proteomic panels, and artificial-intelligence-assisted models may further enhance
discrimination. These innovations require robust prospective validation and demon-
stration of patient-centred benefit, including earlier diagnosis, less morbidity, and
improved survival, before widespread adoption. For individuals at high genetic
risk, risk-reducing surgery remains the most effective intervention, with surveil-

lance reserved for those who decline or defer definitive risk reduction.
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