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The early detection problem

Non-specific symptoms; most ovarian cancers still 
present late

Historically limited screening performance (general 
population)

Opportunity: targeted approaches in defined high-
risk groups (Lynch/BRCA)

Emerging multi-omic and minimally invasive tests









High risk poulations

Ovarian Cancer – High-Risk Populations

• Genetic / inherited syndromes

• BRCA1 and BRCA2 pathogenic variant carriers

• Lynch syndrome (increased risk, though lower 
than for endometrial cancer)

• Other rare syndromes: Peutz–Jeghers (STK11), 
RAD51C/D, BRIP1, PALB2

Medical / reproductive / treatment-related groups

• Women with endometriosis (especially clear cell 
and endometrioid ovarian cancer risk)

• Women with primary infertility or low lifetime 
parity

• Long-term hormone replacement 
therapy (some subtypes)

• Strong family history of ovarian or breast cancer

Endometrial Cancer – High-Risk Populations

•Lynch syndrome (MMR gene pathogenic variants: MLH1, MSH2, 
MSH6, PMS2, EPCAM)
•Cowden syndrome / PTEN Hamartoma Tumour Syndrome
•Polymerase proofreading–associated polyposis (POLE, POLD1 
mutations)

Medical / hormonal risk groups
•Women with long-standing unopposed oestrogen exposure (e.g. 
obesity, chronic anovulation/PCOS, oestrogen-only HRT)
•Women with early menarche, late menopause, nulliparity
•Tamoxifen users (breast cancer survivors)
•Patients with diabetes mellitus and metabolic syndrome
•Strong family history of endometrial or related cancers



23% OF OVARIAN CANCERS ARE 
RELATED TO HEREDITARY 

CONDITIONS

8

Toss A, Tomasello C, Razzaboni E, et al. Hereditary ovarian cancer: not OnlyBRCA1 and 2 genes. 
Biomed Res Int. 2015;2015:1–11.
doi:10.1155/2015/341723



Risk reduction 

https://doi.org/10.1200/OP.21.00382 9

TUBectomy With Delayed 

Oophorectomy in High-Risk 

Women to Assess the Safety 

of Prevention (TUBA-WISP-II)

PROTECTOR: Preventing 

ovarian cancer through early 

excision of tubes and late 

ovarian removal 

(PROTECTOR) study

https://doi.org/10.1200/OP.21.00382


Risk factors in endometrial cancer

BMI, body mass index; BRCA, BReast CAncer gene; HRT, hormone replacement therapy; PCOS, polycystic ovary syndrome.
Image provided courtesy of the speaker.
1. https://www.cancer.org/cancer/types/endometrial-cancer/causes-risks-prevention/risk-factors.html (accessed Aug 2023). 2. 
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/uterine-cancer/risk-factors#heading-Zero (accessed 
Aug 2023). 3. Zhao J, et al. BMC Womens Health. 2021; 21:312. 4. de Jonge MM, et al. J Natl Cancer Inst. 2021; 113:1203–1211

Age1

High BMI and obesity1,2

High parity, progesterone only 

contraceptive pills1,2

Early menarche and

late menopause1,2 HRT1,2

PCOS1,2

Tamoxifen1

Lynch syndrome1 Diabetes1,2

Hypertension3

Strong family history1

BRCA?4





Biology that informs strategy

• Fallopian tube origin of many 
HGSOCs; STIC as a precursor

• Window for interception may 
be tubal rather than ovarian

• Circulating and local 
(vaginal/uterine) signals 
precede diagnosis

• Implication: sample the right 
compartment at the right time



Biology that informs strategy

• Endometrial cancers have 4 
distinctive molecular signatures

• Most are slow growing 

• Pathognomonic symptom or 
post menopausal

• Implication: sample the right 
compartment at the right time 
– molecular targets



Survival rates remain low for patients with 
advanced* or recurrent EC

EC in the 2020s

*Stage IV. EC, endometrial cancer. 
1. World Health Organization International Agency for Research on Cancer (IARC). GLOBOCAN 2020: Corpus Uteri Factsheet. Accessed 17.8.2022 from: 
https://gco.iarc.fr/today/data/factsheets/cancers/24-Corpus-uteri-fact-sheet.pdf; 2. Colombo N et al. Ann Oncol. 2016;27;16-41; 3. Huijgens AN, Mertens HJ. Facts 
Views Vis ObGyn. 2013;5:179-186; 4. Cancer Research UK. Uterine cancer survival statistics. Accessed 18.8.2022 from:  https://www.cancerresearchuk.org/health-
professional/cancer-statistics/statistics-by-cancer-type/uterine-cancer/survival#heading-Three.

>400,000 new cases 

globally in 20201

                         
                     

~13% 

of EC patients have 

recurrent disease3

≤20% survival at 5 

years

for patients with 

advanced* or recurrent 

EC3,4

63 years

is the median age
at diagnosis2

                    
                     





Test Characteristics Use in Current Pathway Advantages Disadvantages

Transvaginal ultrasound 

(TVUSS)

Ultrasound probe inserted 

into vagina to measure 
endometrial thickness (ET).

Initial diagnostic test in 

symptomatic women; ET ≥4 
mm → referral. Potential for 
screening.

Minimally invasive; safe; real-

time; useful if lining uniform.

Non-definitive; thick ET ≠ 

cancer; may miss with 
distortion; operator-
dependent.

Cervical cytology (smear test) Sample from cervix; atypical 

endometrial cells may prompt 
investigation.

Screening for cervical cancer; 

incidental EC findings; 
potential EC screening.

Widely acceptable; simple; 

inexpensive.

Speculum discomfort; contact 

bleeding; may miss EC; 
dependent on cytologist.

Endometrial cytology Direct sampling of 

endometrium 
(brush/lavage/suction).

Used in Japan for women ≥50 

yrs or with bleeding; rarely 
used in West.

Direct sampling; can combine 

with hysteroscopy; histology 
possible.

Invasive; pain/discomfort; 

may miss focal lesions; 
infection/bleeding risk.

Imaging (CT/MRI) Cross-sectional imaging of 

womb/pelvis.

Not diagnostic; used for 

staging/planning when spread 
suspected.

Painless, non-invasive; MRI 

avoids radiation.

CT radiation; MRI expensive; 

contraindicated with metal.

Hysteroscopy (camera test) Endoscopic visualisation of 

uterine cavity.

Used in high-risk 

symptomatic women; biopsy 
of suspicious lesions.

Direct visualisation; targeted 

biopsy; therapeutic removal 
possible.

Invasive; pain; technical 

issues; may be abandoned if 
poor access.

Potential minimally invasive 

tests

Blood, urine, vaginal tampon, 

swabs for biomarkers (DNA, 
proteins, metabolites).

Investigational; possible 

screening/triage role.

Non/minimally invasive; self-

collection possible 
(urine/tampon).

Blood tests may lack 

sensitivity in early disease; 
tampons less acceptable in 
older women.



Would you want yearly hysteroscopy?



Test Characteristics Use in Current Pathway Advantages Disadvantages

CA125 Glycoprotein elevated in 

many ovarian cancers.

Diagnosis and monitoring; 

included in RMI and ROCA.

Simple blood test; widely 

available; good for 
monitoring.

Poor specificity; low 

sensitivity for early disease.

HE4 Protein overexpressed in 

epithelial ovarian cancer.

Used with CA125 in ROMA 

algorithm.

Improved specificity; useful 

adjunct.

Misses early disease; less 

available.

Ultrasound (TVUS/abdominal) Imaging of ovaries/adnexa. First-line for symptomatic 

women or adnexal masses.

Non-invasive; readily 

available; real-time.

Operator-dependent; limited 

sensitivity for stage I.

CT/MRI/PET imaging Cross-sectional imaging. Used for staging/planning; not 

for screening.

Good anatomical detail (MRI); 

whole-body staging (CT/PET).

Expensive; CT/PET radiation; 

not sensitive for microscopic 
disease.

Multimodal algorithms 

(ROCA)

Serial CA125 with statistical 

modelling.

Trialled in UKCTOCS for 

population screening.

More sensitive than single 

CA125; dynamic assessment.

Stage shift but no mortality 

reduction; not adopted.

Genetic testing (BRCA, 

RAD51C/D, BRIP1, Lynch)

Identifies inherited risk genes. Routine in epithelial OC; 

informs family prevention; 
PARP eligibility.

Precision prevention; 

therapeutic implications.

Not a detection tool; identifies 

risk not disease.

Emerging minimally invasive 

tests

cfDNA methylation, exosomal 

RNA/proteins, proteomics, 
vaginal sampling.

Research use; potential triage 

or screening.

Minimally invasive; may 

capture earlier disease.

Not validated; limited 

sensitivity in early disease.



Population Level 
PLCO (U.S.) Trial
Design: Randomised controlled trial, ~78,000 women (55–74 
years).
Screening arm: Annual CA125 (fixed cutoff of 35 U/mL) 
+ transvaginal ultrasound.
Control arm: Usual care (no organised screening).
Follow-up: Median ~12 years.
Findings:

No reduction in ovarian cancer mortality.
High false-positive rate → unnecessary surgery and 
complications.

Conclusion: CA125 threshold + TVUS is not effective for 
population screening.
UKCTOCS (UK)
Design: >200,000 women, postmenopausal.
Screening arm (MMS): CA125 interpreted by ROCA 
algorithm (longitudinal changes), with second-line TVUS.
Control arms: TVUS alone, or no screening.
Findings: Stage shift (more early-stage disease detected) 
but no mortality reduction.

Key distinction:
PLCO used fixed CA125 cut-off → poor sensitivity.
UKCTOCS used ROCA (risk algorithm) → better stage shift, 
but still no mortality benefit.



Population Level 

• Sensitivity of TVUS for Endometrial Cancer (UKCTOCS)

• Design: Nested case–control study within UKCTOCS cohort 
(>200,000 postmenopausal women).

• Participants: 136 women with endometrial cancer vs 136 
matched controls.

• Test: Transvaginal ultrasound screening, endometrial 
thickness (ET) cut-off.

• Key Findings:

• At ET ≥5 mm, sensitivity 80.5% and specificity 85.7%.

• At ET ≥3 mm, sensitivity rose to 93.5%, but specificity fell 
to 77.1%.

• Conclusion: TVUS can detect most endometrial cancers in 
postmenopausal women, but the trade-off between 
sensitivity and specificity limits its value as a screening tool.

• Implication: Useful in symptomatic women as triage, but 
not suitable for population-level screening without 
additional biomarkers.



High Risk Level



High Risk Level



Targets for diagnosis 

• From Structure to Biology

• Shifting from anatomical to biological decisions

• Genomic risk now informs staging and treatment (e.g., endometrial 
cancer)

• Actionable Biology

• Omics reveals new treatment targets and resistance mechanisms

• Enables smart escalation (when aggressive disease is detected)

• Supports safe de-escalation (e.g. POLEmut EC, responders to IO)

• The Rise of the Liquid Biopsy

• cfDNA, proteomics, microbiome = accessible, repeatable, real-time 
sampling

• Increases power to detect cancer earlier and monitor response non-
invasively

• Redefining the Clinician

• From knife to navigator: surgeons, gynae and generalists guiding 
molecular care

• Omics as a universal tool — not just for trials, but for everyday 
decisions

What are “omics”?



Biofluid
Source of 
biomarkers

Pros Cons

Venous 
blood

Haematogenous
spread

- Good patient acceptability
- Tumour biomarkers at low 

concentration in early-
stage disease

Uterine 
lavage

Lavage fluid in 
direct contact 
with tumour

- Can be collected routinely 
during hysteroscopy

- Invasive sampling
- Few advantages over 

current diagnostics

Cervical 
smear Natural tumour

shed through 
cervix into lower 
genital tract

- Minimally-invasive sampling
- Suitable for community care
- Could be used to triage 

women for further diagnostic 
tests

- Requires healthcare 
professional to collect 
sample

- Vaginal tampons may be 
unacceptable method of 
biomarker collection for 
some women

Vaginal 
fluid

Urine

Contamination 
of urinary flow 
by natural 
tumour shed via 
lower genital 
tract

- Excellent patient 
acceptability

- Suitable for community or 
home-based sampling

- Could be useful as screening 
tool in high risk women

- Success depends on 
natural tumour shed, 
which may be unreliable

- Proof of principle data 
only

- More research is needed

Biofluids for endometrial cancer detection



• Plasma samples from patients with

– Endometrial cancer n=342

– Atypical hyperplasia n=68

– Healthy controls n=242

• ATR-FTIR spectroscopy & machine 
learning algorithms



Frias-Gomez et al Cancer Cytopathol 2020

• Systematic review with meta-analysis

• 45 studies, 6599 women with endometrial 
cancer

• Abnormal cervical cytology in 45% 
(95%CI 40%-50%) women prior to 
diagnosis / surgery for endometrial 
cancer 

• Significantly higher detection rate of non-
endometrioid vs endometrioid cancers 

– 77% (95% CI, 66%-87%) non-endometrioid

– 44% (95% CI, 34%-53%) endometrioid



Wang et al Sci Transl Med 2018

• papSEEK – incorporates assays for 
mutations in 18 genes & test for 
aneuploidy

• Pap brush samples from n=382 
endometrial cancer patients, 81% positive 
(95% CI 77%-85%), incl 78% patients with 
early stage disease

• Only 1 of 714 women without disease had 
positive pap brush samples

• Intrauterine sampling with Tao brush 
increased sensitivity to 93% of 123 
patients (95% CI 87%-97%)

Mutations in: AKT1, APC, BRAF, CDKN2A, CTNNB1, EGFR, 
FBXW7, FGFR2, KRAS, MAPK1, NRAS, PIK3CA, PIK3R1, 

POLE, PPP2R1A, PTEN, RNF43, and TP53
+/- aneuploidy 



Developed n=726; Tested n=562 
samples
• Cervical smear
• Vaginal swab

4 settings:
• Case/ control
• PMB
• Lynch 
• Screening cohort

3 methylation biomarkers
• 90.1-100% sensitivity in 

symptomatic patients
• 90.9% sensitivity in asymptomatic 

patients

WID-qEC test



Hypothesis

• PMB offers liquid biopsy to 
enable endometrial cancer 
detection

• Shed malignant endometrial 
cells can be collected from 
vaginal fluid or urine and 
identified by cytology



• Women attending with 

- Known endometrial cancer (EC)

- Unexplained PMB 

• Vaginal and urine samples were collected 
prior to any clinical procedures

• Cytologists blinded to cancer outcomes

• Two independent cytologists

Matched samples 
Women with EC

Cytology + Cytology -

Urine n=96 67 (70%) 29 (30%)

Vaginal fluid n=102 92 (90%) 10 (10%)

Matched samples 
Women with PMB

Cytology + Cytology -

Urine
n=99

EC 4 (100%) 0

no EC 2* 92

Vaginal 
fluid n=100

EC 4 (100%) 0

no EC 11** 84

*bladder & ovarian cancer; 
**cervix cancer & 11 false positives

Proof of concept study



CK7

CK20

GATA3

PAX8

Helena O’Flynn Neil Ryan Emma Crosbie

Nadira Narine Durgesh RanaDavid Shelton

IHC profile consistent 

with female genital 

tract



Protein-based biomarker panel

Kelechi Njoku

Tony Whetton



PREDI—Lynch 



Ellele Device

• The Ellele device is an innovative vaginal sampling device that captures cellular material from the vaginal wall for 
downstream laboratory analysis.

1

The device is inserted 
into the opening of the 
vagina up to 4cm max.

2

A small membrane is 
inflated to collect a 
sample from the wall of 

the vagina on its external 
surface.

3

The membrane is 
retracted and inverted, 
protecting the specimen 

within the device.

4

Stabilising buffer is added 
and the device is shipped 
ambient to the 

designated laboratory.

Easy

The 5-minute procedure can be administered by 
any HCP. No patient preparation, and minimal 
exclusion criteria.

Low cost

The device is single-use, has a low unit cost, 
facilitating large-scale deployment with 
outstanding health economics.

Acceptable

In our feasibility study, all women preferred the 
device to a standard speculum examination.

Private and confidential



LOCATE Study 

LOCATE Study
Early Detection of High-Grade Epithelial Ovarian Cancer
•Aim: Identify biomarkers and mechanisms of early ovarian 
cancer development.
•Approach:

• Plasma proteomics profiling.
• Spatial transcriptomics of STIC (serous tubal 

intraepithelial carcinoma) lesions.
•Design: Retrospective study using biobanked samples from 
UKCTOCS, NHS Lothian, SHARE, and University of Edinburgh.
•Chief Investigator: Dr Neil Ryan.
•Impact: Potential to transform early detection strategies and 
reduce ovarian cancer mortality.



The Liquid Bx

Liquid Biopsy Omics: Enabling Smarter Clinical Decisions

• Faster initiation of therapy
– Blood-based ctDNA testing can identify actionable mutations up to ~16 days earlier than tissue biopsy, enabling 
quicker treatment starts.

• Precision therapy matching
– ctDNA reveals targetable genetic alterations (e.g., EGFR in lung, BRCA/PARP in ovarian), guiding selection of 
optimal targeted treatments.

• Real-time response and relapse monitoring
– Serial liquid biopsy can detect residual disease, treatment response, or emerging resistance earlier than imaging.

• Broader patient access
– Minimally invasive and repeatable—especially valuable for patients with inaccessible tumors or those unfit for 
surgical biopsy.

• Reduced interventions and cost
– Can help avoid unnecessary procedures or chemotherapy in low-risk cases; early modeling suggests potential 
cost savings for healthcare systems.



Conclusion 

• Inherited risk (BRCA, Lynch): highest impact population for intervention.

• Current surveillance: invasive, imperfect, late detection remains common.

• Future focus:

• Non-invasive liquid biopsies (blood, urine, vaginal samples).

• Integration of multi-omics + AI for sensitivity and specificity.

• Goal: Shift from late-stage diagnosis → true prevention and early detection.

• Impact: Better survival, reduced treatment burden, improved quality of life.



Thank You 
neil.ryan@ed.ac.uk
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