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Ovarian cancer - a poster child for early detection
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Flashback: A biomarker for ovarian cancer
• CA-125 is a protein that is encoded by the MUC16 gene
• Discovered as marker for ovarian cancer in the early 1980s
• Initially detected using a murine monoclonal antibody OC125

Journal of Clinical Investigation 1981



Cancer 1995



• UKCTOCS trial started in 2001: N=202,000
• 2 screen arms    MMS used ROCA to triage to ultrasound

USS used ultrasound only

MMS sensitivity was 85.8%

MMS specificity was 99.8%

3.8 unnecessary surgeries 

per cancer detected



Jacobs et al, Lancet, 2017
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Lancet, May 2021



Early detection at a crossroads





Tests differ in their algorithms and outputs

GRAIL
Galleri
Liu Ann Onc 2020

DELFI

Cristiano Nature 2019

THRIVE
DETECT-A
Lennon Science 2020

Number of cancers Up to 50 cancers
Sensitivity  
assessed for 12

7 cancers Latest prospective 
study identified 
cancer in 10 organs

Features cfDNA
methylation
patterns

cfDNA fragment size 
distributions
cfDNA mutations

cfDNA mutations
Protein biomarkers

Output Cancer indicator
Tissue of origin

Cancer indicator
Tissue of origin

Cancer indicator
(Whole-body PET-CT 
for tissue of origin)



What we know about the new tests
1. They can find cancer when we know it is there
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(With high specificity)



Annals of Oncology, 2020
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• A highly specific test has a low 
false-positive rate

• This is important in cancer 
screening because the majority of
persons tested do not have cancer

What we know about the new tests
2. They are highly specific

High specificity means low:

False positives
True positives

Unnecessary biopsies
Cancers detected



• Sensitivity
• Specificity

• Lives saved

• Metastases prevented

• Overdiagnosis/overtreatment

• Unnecessary biopsies

• Costs

But policy is driven by outcomes

PERFORMANCE OUTCOMES



From performance to outcomes: three drivers

PERFORMANCE OUTCOMES

1. Sensitivity to detect latent disease
2. Opportunity to detect early latent disease
3. Curability of early* disease



From performance to outcomes
1. Sensitivity to detect latent disease

Diagnosis Published sensitivity

Relevant sensitivity

Early stage Advanced stage

• Published sensitivities relate to time of (non-screen) diagnosis not before
• Required: ability to readily and accurately confirm presence of disease 

Timeline of a cancer



From performance to outcomes
2. Opportunity to detect early latent disease

Diagnosis

Early stage Advanced stage

• Published studies tell us nothing about the duration of early-stage disease
• Varies across cancers; not easy to identify without data from screened cohorts



From performance to outcomes
3. Curability of early* disease

Diagnosis

Early stage survival Advanced stage survival

Early* : a diagnosis that has been shifted to an early stage by screening



From performance to outcomes: three drivers

PERFORMANCE OUTCOMES

1. Sensitivity to detect latent disease
2. Opportunity to detect early latent disease
3. Curability of early* disease



What did we learn from the ovarian trial?

Sensitivity of MMS to detect latent disease Curability of early* disease

Estimated sensitivity close to 85% based on CA125 and 

ultrasound imaging of the ovaries. But early Type II 

(aggressive) tumors begin in the Fallopian tubes

Opportunity to detect early latent disease

In MMS arm incidence of stage IV reduced by almost 25%

But incidence of stage II+IV reduced by only 10%

Despite 10% reduction in stage 

III+IV incidence, no difference 

in disease-specific mortality



How can we learn about whether performance of 
multi-cancer tests will translate to outcomes?

Screening trials
• Least do-able, most informative but rarely the final word

Prospective screening studies
• More do-able, less informative, no control group

Modeling analyses 
• Subject to information gaps and make many assumptions
• Can give ballpark predictions

Sensitivity? Opportunity? Curability?



A prospective study

• 10,000 women given DETECT-A test
• Two positive tests followed by PET-CT

26 cancers detected by the test
24 additional cancers by standard screening
46 cancers diagnosed by neither approach
127 positives recommended imaging

Sensitivity? Opportunity? Curability?



Jiao et al, “A Quantitative Framework to Study Potential Benefits and Harms of Multi-cancer Early Detection Testing”
revised for CEBP

http://mced-calculator.fredhutch.org

A modeling study



Wrap-up

• Multi-cancer early detection is a critically important technology advance
• Complexities of early detection are as present as ever

• Expect few exposed to unnecessary biopsy per versus cancer detected 
• More complex confirmation process: how should this be done?

• Tests will likely detect some cancers that we do not currently screen for
• Unclear from current data whether their fate will be altered

• Heed timing and message of the ovarian cancer screening  story
• Learn also from the prostate cancer story



PSA and prostate cancer screening
Age-adjusted Prostate Cancer Mortality

1975-2013

Screening? Treatment? 
Both? Other?
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Take action

• Multi-cancer early detection is a critically important advance 

• Expect few exposed to unnecessary biopsy per versus cancer detected 

• More complex confirmation process: how should this be done?

• Tests will likely detect some cancers that we do not currently screen for

• Unclear at this point whether their fate will be altered

• Heed timing and message of the ovarian cancer screening  story

• Learn also from the prostate cancer story

Strongly urge the development of a data resource to track utilization and outcomes of 
these tests while we await further results regarding harm, benefit and cost
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See http://mced-calculator.fredhutch.org for our new multi-cancer test calculator 
that permits configuration of a multi-cancer test and projection of select outcomes
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