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Detection of Cancer Signals May Lead to Earlier 

Diagnosis and Improved Survival

CSO, cancer signal origin.
aIn true positives cases.
1Klein EA, et al. Ann Oncol. 2021;32(9):1167-1177.

The Multi Cancer Early Detection (MCED) test detects a shared cancer signal associated with >50 cancer types, 

most of which have no guideline-recommend screening. 

Single blood draw from 
participants with known cancer 
diagnosed through usual care

Analysis of cell-free DNA using targeted 
methylation sequencing and locked 

machine-learning classifiers

Cancer Signal Detected

No Cancer Signal 
Detected

MCED Testing Process in CCGA

99.5% Specificity 
CSO Prediction 
Accuracya

Third (Validation) Substudy of the 

Case-Control Circulating Cell-free 

Genome Atlas (CCGA) Study1

(NCT02889978)

88.7%

CSO 
Prediction



How Do We Refine Our Understanding of Survival in 

Those With a Detected/Not Detected MCED Test Result?

CCGA, Circulating Cell-free Genome Atlas study; ctDNA, circulating tumor DNA;  MCED, multi-cancer early detection SEER, Surveillance, Epidemiology, and End Results.
1Chen X, et al. Clin Cancer Res. 2021; 27(15):4221-4229. 2Klein EA, et al. Ann Oncol. 2021;32(9):1167-1177.

Previous analysis (Chen, et al)1

▪ Assessed participant outcomes in the 

second (cross-validated) CCGA substudy

▪ Participants tested using an earlier 

version of the MCED test

▪ 3-year longitudinal follow-up 

Conclusion: Cancers not detected by the 

MCED test had better prognosis than 

cancers detected and SEER-based expected 

survival

New analysis 

▪ Assessed participant outcomes in the third 

CCGA (validation) substudy2

▪ Participants tested using a refined version 

of the MCED test 

▪ 4-year longitudinal follow-up

▪ Used updated statistical model to account 

for confounding variation in cancer type 

and stage



Almost 70% of Participants Diagnosed With Cancer 

Were Alive After 4 Years

CCGA, Circulating Cell-free Genome Atlas; MCED, multi-cancer early detection.
aExcluding plasma cell cancers and non-staged cancers.
1Klein, et al. Ann Oncol. 2021;32(9):1167-1177.

Complete 4-year follow-up data were 

available for 98% (2471/2513) of 

participants 

Participants who received the MCED test 

had their cancer status confirmed 1-year 

post-enrollment

Participants with stageable 

invasive cancera: n=2513 

Died during follow-up: 

31% (782/2513) 

Alive at follow-up: 

69% (1731/2513)

CCGA Substudy 31

Confirmed Status 

Analysis Set

N=4077

Participants without cancer: 

n=1254



A Higher Proportion of Those Diagnosed with Cancer 

Who Died During Follow-up Had Cancer Signal Detected

Participants with stageable 

invasive cancera: n=2513 

Died during follow-up: 

31% (782/2513) 

Cancer Signal Detected: 

85% (668/782)

Alive at follow-up: 

69% (1731/2513)

Cancer Signal Detected: 

35% (601/1731) 

CCGA Substudy 31

Confirmed Status 

Analysis Set

N=4077

Participants without cancer: 

n=1254

CCGA, Circulating Cell-free Genome Atlas; MCED, multi-cancer early detection.
aExcluding plasma cell cancers and non-staged cancers.
1Klein, et al. Ann Oncol. 2021;32(9):1167-1177.

Raw odds ratio of 2.5 for survival of 

participants with cancer and a cancer 

signal detected 

Do participants with a cancer 

signal detected fare worse?

To answer this question, we must 

understand expected survival rates



Standardization to SEER Reference Removes Expected 

Variation from Known Predictors

Expected 

Survival

SEER Cases 

Controlling for 

Known Predictors 

of Survival

Participant Clinical 

Characteristics:

■ Age

■ Sex

■ Cancer type

■ Stage at diagnosis

HR, hazard ratio; Pts, participants; SEER, Surveillance, Epidemiology, and End Results.
aDefined as the time from the date of blood sample collection to the date of death or last date the participant was confirmed alive.

Detected 

HR

Not 

Detected 

HR

Observed survivala of participants who had 4-year 

longitudinal follow-up data was compared to expected 

survivalb calculated from SEER reference data

What Factors Contribute to Cancer 

Survival Among Detected/Not 

Detected Groups?

Various factors may 

contribute to this relative 

HR or cancel out 

Pts with Cancer Signal Detected

● Indolent (-HR/safer)

● Hard to treat (+HR/aggressive)

● Recruitment of healthy volunteers

Pts with No Cancer Signal Detected

● Indolent (-HR/safer)

● Hard to treat (+HR/aggressive) 

● Recruitment of healthy volunteers

Relative 

HR



Observed Survivala vs Expected Survival by Signal Detection Status

Survival Advantage for Cancer Signal Not Detected 

Remains After Removing Known Effects 

Hazard 
Ratio

95% CI P-value

Not Detected 
vs 

Detected
0.585

0.474 –

0.712
2.22e-07

CCGA, Circulating Cell-free Genome Atlas study; CI,confidence interval; HR, hazard ratio; SEER, Surveillance, Epidemiology, and End Results.
aDefined as the time from the date of blood sample collection to the date of death or last date the participant was confirmed alive.

Hazard Ratio for Cancer Signal Detection Groups After 

Controlling for Age, Sex, Cancer Type and Stage

Not Detected VS SEER

HR: 0.432 

95% CI: 0.356 – 0.521
P-value: 7.74e-22

Detected VS SEER

HR: 0.737 

95% CI: 0.684 – 0.791
P-value: 6.96e-15

▪ Majority of variation results from known 

clinical factors (Expected 43% vs 83% 

[dotted lines: blue vs red, respectively])

▪ Both groups show improved survival vs 

reference suggesting healthy cohort 

relative to SEER



Most Important To Understand Prognosis at Early Stage 

When Treatment is Most Effective

CCGA, Circulating Cell-free Genome Atlas study; HR, hazard ratio; SEER, Surveillance, Epidemiology, and End Results.
aDefined as the time from the date of blood sample collection to the date of death or last date the participant was confirmed alive.

Observed Survivala vs Expected Survival by Stage and Signal Detection Status

▪ Stage I/II in Detected are serious cancers and are expected (~70-75%) to have worse survival than Not Detected (~87%)

○ Some change in prognosis from expected (HR >1, confidence interval overlaps 1, but upper bound <2)

▪ 2/3 of Detected individuals in stage I/II surviving 4 years (Kaplan-Meier estimate), Not Detected still unusually safe in stages I/II
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Hazard Ratios by Stage for Cancer Signal Detection 

Controlling for Age, Sex, Cancer Type and Stage 



Tumor Methylated Fraction1:   

A methylation-based, biopsy-free estimate of 

circulating tumor DNA within cell-free DNA 

▪ Estimator designed to estimate fraction 

in known cancer cases, not robustly 

classify non-cancer vs cancer in 

screening

Potential For Future Refinement of Prognoses Using 

Estimates of Cancer Biology

MCED, multi-cancer early detection.
1Melton CA, et al. Cancers. 2024; 16(1):82. 2Bredno J, et al. Am J Pathol. 2022;S0002-9440(22)00211-5. 3Avanzini S, et al. Sci Adv. 2020;6(50):eabc4308. 4Jamshidi A, et al. 

Cancer Cell. 2022;40(12):1537-1549.e12. 5Zhou X, et al. Nat Commun. 2022;13(1):7694. 

Tumor Methylated Fraction by Cancer Signal Detection Status and Stage at Diagnosis 

Cell-free DNA shedding may be connected to 

tumor growth rates and cell death2,3

▪ Tumor methylated fraction estimates 

increase in Detected with clinical stage4,5

▪ Not Detected estimates usually at 

background noise level



Survival Across Cancer Cases

● Most variation was due to clinical factors

○ Evidence of a healthy volunteer bias when 

compared to age, sex, and tumor matched 

controls

● Despite prognostic differences, 2/3 of Stage I-II 

Detected participants survive 4 years (K-M)

○ Hazard of detected signal could indicate a 

need for treatment escalation at earlier 

stages.

4-Year Follow-Up Analysis Suggests That the MCED 

Test Preferentially Detects Fast-Growing Cancers

CCGA, Circulating Cell-free Genome Atlas study; K-M, Kaplan-Meier; MCED, multi-cancer early detection; SEER, Surveillance, Epidemiology, and End Results.

MCED Testing of 

Participants with 

Known Cancer

Comparison of 

Observed to 

Expected Survival 

Removes Expected 

Variation in Survival

CCGA Substudy 3 Outcomes Analysis



Ongoing Follow-up of CCGA Participant Outcomes 

Improves Understanding of Survival and MCED Detection

Strengths Limitations

▪ Broad sampling of cancer types and 

stages, across multiple care systems

▪ SEER reference data used as a synthetic 

control to account for variation in cancer 

type and stage correlated with detection

▪ 4-year follow-up post blood draw

▪ Assessment of tumor methylated fraction 

links signal detection to underlying tumor 

biology

▪ Non-interventional – Observational data 

diagnosed through usual care

▪ Complex cancer type and stage 

information with limited clinical covariates

▪ Healthy volunteer bias could impact 

observed survival

▪ Overall survival without cancer-specific 

causes of death 

CCGA, Circulating Cell-free Genome Atlas study; MCED, multi-cancer early detection; SEER, Surveillance, Epidemiology, and End Results.



We acknowledge the contributions to this effort of the patients, 

staff, and healthcare providers who provided clinical data
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Cancer Signal Detection Varied by Cancer Type and Stage, 

Which Independently Affect Survival

AJCC, American Joint Committee on Cancer; CCGA, Circulating Cell-free Genome Atlas study. 

200 50 252000 50250

Cancer Signal 
Detected

No Cancer Signal 
Detected

Stage distribution for the 21 most common AJCC stageable cancer types in CCGA 

Substudy 3 by cancer signal detection status

Cancer Signal 
Detected

No Cancer Signal 
Detected
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