
Detecting Cancer Signal Across Multiple Cancers With One Blood Draw:
Validating a Multi‑Cancer Early Detection (MCED) Test

CONCLUSIONS
 { In this large‑scale, clinical validation substudy of 
CCGA with pre‑specified measures, the MCED test 
performed with high specificity and high accuracy 
of CSO prediction.

 { Overall sensitivity in the pre‑specified 12 cancers 
accounting for ~two‑thirds of U.S. cancer deaths, 
most of which currently lack screening tests, 
was higher than that observed in all cancers, 
underscoring the potential for this test to provide 
population‑scale benefits.

 { Specificity and sensitivity were consistent across 
age and racial/ethnicity subgroups, though 
comparisons are limited by sample size for some 
subgroups and potential differences in stage 
distribution.

 { Results presented here further support the use 
of this MCED test on a population‑wide scale as a 
complement to existing single‑cancer screening 
tests:

 { Overall sensitivity of this MCED test was higher for 
cancers identified by clinical presentation than by 
existing single cancer screening tests

 { Overall sensitivity was higher in solid tumors 
without common screening options relative to 
solid tumors with common screening options.

 • For context, a reported 68% of cancer deaths 
in those aged 50‑79 years are attributed to 
cancers without recommended screening 
options.15

 { Taken together, these findings indicate broad 
applicability of this MCED test planned for clinical 
implementation as a screening tool.
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METHODS
Study Design

 { CCGA is a prospective, multicenter, case‑control, 
observational study with longitudinal follow‑up that 
enrolled 15254 participants (8584 with cancer; 6670 
without cancer) from 142 sites in North America 
between August 2016‑February 2019 (Figure 1).

 { Participants eligible for the cancer arm included adults 
(≥20 years of age) diagnosed with cancer and/or who were 
scheduled to undergo biopsy and/or surgical resection for 
known or highly suspected malignancy.

 { CCGA was divided into three pre‑specified substudies 
(Figure 1).

1. Discovery

2. Training and validation with the selected and updated 
assay and classifiers

3. Clinical validation within an independent validation set 
with a further refined assay and classifiers optimized for 
screening

 { Within the study, cancers were grouped into cancer classes 
for the purpose of sensitivity reporting. 

 { Evaluation of the test positive rate by American Joint 
Committee on Cancer (AJCC) cancer types was conducted.

Figure 5. Study Design
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Targeted Methylation Assay
 { Plasma cfDNA from evaluable samples was analyzed using a 
targeted methylation bisulfite sequencing assay and machine 
learning techniques.

 { The classifier was trained to target a specificity of 99.4% and 
locked before analysis.

Study Objectives and Measures of Test Performance
 { The primary objectives of this substudy were to evaluate 
test performance for cancer signal detection (sensitivity and 
specificity) and CSO prediction (accuracy).

 { Sensitivity: proportion of participants with a positive test 
result among all cancer participants in an analysis set.

 { Specificity: proportion of participants with a negative test 
result among non‑cancer participants.

 { Accuracy of CSO prediction: proportion of participants 
with a correctly predicted CSO label among true positive 
participants, excluding those who had an unknown origin. 

 { Positive predictive value (PPV) was extrapolated (adjusted to 
cancer incidence and stage distribution in the 50‑79 years 
age group from the SEER [Surveillance Epidemiology and End 
Results] database). 

 { Test performance also was evaluated in the following 
subgroups (the study was not powered to detect statistical 
differences between subgroups, and some of these analyses 
were exploratory):

 { Prespecified set of 12 cancers that account 
for ~two‑thirds of cancer mortality in the US.14

 { Race/ethnicity (White non‑Hispanic, Black non‑Hispanic, 
Other non‑Hispanic [including but not limited to Asian, 
Native Hawaiian, Pacific Islander, American Indian, Alaska 
Native], Hispanic [all races], and Other/Unknown).

 { Age (<50 years, ≥50 years, ≥65 years).

 { Method of cancer diagnosis (screening test [breast, 
cervical, colorectal, lung, and prostate] or clinical 
presentation).

 { Solid and hematological cancers (solid tumors 
with/without common screening options as well as 
hematological cancers); post hoc analysis.

 • Solid tumors with common screening options included 
breast, cervical, colorectal, and prostate cancers.

 • Solid tumors without common screening options 
included lung cancer due to the fact that no broadly 
adopted guideline‑recommended screening for the 
average risk population currently exists and uptake is low.

 • Hematological cancers included lymphoid leukemia. 
lymphoma, myeloid neoplasm, plasma cell neoplasm.

SUPPORTING DATA
Participants

 { A total of 5309 participants were included in the third CCGA 
substudy (cancer, n=3237; non‑cancer, n=2069; missing 
enrollment status, n=3).

 { Of these, 4077 (cancer, n=2823; non‑cancer, n=1254 with 
non‑cancer status confirmed at year one) were included in 
the Confirmed Status Analysis Set.

Participant Demographics and Baseline Characteristics
 { Across cancer and non‑cancer groups, demographics 
and baseline characteristics were generally comparable 
(Figure 6).

 { Mean (SD) age in the cancer and non‑cancer groups was 
62.6 (11.76) and 56.2 (12.63) years, respectively. 

 { Cancer and non‑cancer groups were predominantly 
non‑Hispanic White (82.0% and 79.4%, respectively).

Figure 6. Participant Demographics and 
Baseline Characteristics
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KEY RESULTS: THE MCED TEST HAS HIGH SPECIFICITY, DETECTS CANCER SIGNALS FROM DIVERSE CANCERS, AND PROVIDES 
ACCURATE CSO PREDICTION THAT MAY INFORM PATIENT MANAGEMENT
Overall Test Performance

 { The MCED test demonstrated 99.5% specificity and 88.7% 
accuracy of CSO prediction; overall sensitivity was 51.5%, 
and sensitivity increased with cancer stage (Figures 1 
and 2).

 { The extrapolated positive predictive value of the MCED test 
in the screening-eligible 50-79 year age group is higher 
than that of currently recommended screening tests.14-16

 { Cancer signals from a diversity of cancers were detected 
by the MCED test as shown by sensitivity across individual 
cancer classes (Figure 3)

Figure 1. Key Metrics of Overall Test Performance
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Figure 2. Sensitivity Increased with Clinical Stage

51.5%

16.8%

40.4%

77.0%

90.1%

27.5%

40.7%

All I II III IV I-II I-III

Clinical Stage 

1453/2823 143/849 284/703 436/566 557/618 427/1552 863/2118

Sensitivity
<25%
  25% – <50%
  50% – <75%
≥75%

0%

25%

50%

75%

100%

Se
ns

iti
vi

ty
 (±

95
%

 C
I)

“All” comprises all cancer stages, including missing stage and cancer classes that do not have 
staging per American Joint Committee on Cancer (AJCC) staging manual.
CI, confidence interval.

Figure 3. Cancer Signals from a Diversity of Cancers were 
Detected
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Test Performance in 12 Prespecified Cancers
 { In the 12 prespecified cancers that account for ~two‑thirds 
of US cancer deaths,14 sensitivity was higher than that 
observed in all cancers, particularly for early‑stage cancers 
(Figure 4).

Figure 4. Sensitivity was Higher in 12 Prespecified Cancers
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Test Performance in Other Subgroups

Race/Ethnicity
 { Specificity for cancer signal detection ranged from 

98.1‑100% across racial/ethnic groups, and despite slight 

differences in cancer class and staging, overall sensitivity 

for cancer signal detection was similar across the groups.

Age
 { Specificity, sensitivity, and accuracy of CSO prediction 

showed similar results across groups (<50, ≥50, ≥65 years).

Method of Cancer Diagnosis
 { Overall sensitivity in cancers identified by clinical 

presentation (63.9% [61.8‑66.0%]) was higher than that in 

cancers identified by screening tests (18.0% [15.5‑20.8%]), 

likely due to a preponderance of early‑stage prostate and 

breast cancers in the screen‑detected cancer classes.

Solid and hematological cancers
 { Overall sensitivity for solid tumors without common 

screening options (65.6% [63.0‑68.1%]) was nearly twice 

that for solid tumors with common screening options 

(33.7% [31.1‑36.5%]).

 { Overall sensitivity for hematologic malignancies was 55.1% 

(49.3‑60.8%).

INTRODUCTION
 { Cancer is a leading cause of death worldwide.1

 { USPSTF‑recommended screening tests currently 
are available for only five cancers (breast, cervical, 
colorectal, lung [in high-risk patients], and prostate).2–6 

 { Most cancers still are identified only when a patient 
is symptomatic and, therefore, more likely to have a 
higher treatment burden and lower chance for cure. 

 { Detecting cancer  before a person has symptoms 
can lead to better outcomes, including fewer 
deaths.7‑9

 { It has been estimated that cancer detection before 
stage IV could reduce cancer‑related deaths by 
15% within 5 years.10

 { A multi‑cancer early detection (MCED) test that can 
detect cancer signals in cell‑free DNA (cfDNA) from a 
single blood‑draw has been developed and validated 
in the Circulating Cell‑free Genome Atlas study (CCGA; 
NCT02889978).11,12

 { Galleri™, an MCED test that analyzes plasma cfDNA 
to detect signals across >50 cancers and predict 
the cancer signal origin (CSO), was developed for 
use as a screening tool in adults with an elevated 
risk for cancer, such as those aged 50 and older.13

OBJECTIVE
 { The results of the third and final pre‑specified CCGA 
validation substudy for the MCED test in a large cohort 
in preparation for clinical use are reported.
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