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ABSTRACT

PURPOSE Indolent prostate cancer (PCa) is prevalent in the intended use population
(adults age 50-79 years) for blood-based multicancer early detection (MCED)
tests. We examined the detectability of PCa by a clinically validated, targeted
methylation–based MCED test.

METHODS Detectability by Gleason grade group (GG), clinical stage, association of de-
tection status with tumormethylated fraction (TMeF), and overall survival (OS)
were assessed in substudy 3 of Circulating Cell-Free Genome Atlas (CCGA;
ClinicalTrials.gov identifier: NCT02889978) and PATHFINDER (Clinical-
Trials.gov identifier: NCT04241796) studies.

RESULTS Test sensitivity for PCa in substudy 3 of CCGA was 11.2% (47/420). The test
detected 0 (0%) of 58 low-grade (GG1), 3 (1.9%) of 157 favorable
intermediate-grade (GG2), 4 (5.1%) of 78 unfavorable intermediate-grade
(GG3), and 36 (31.9%) of 113 high-grade (GG4 and 5) cancers and 3 (3.2%)
of 95 stage I, 11 (4.7%) of 235 stage II, 7 (14.9%) of 47 stage III, and
22 (81.5%) of 27 stage IV cases. The median TMeF was higher for
detected than nondetected cases (2,106.0 parts per million [PPM]; IQR,
349.8-24,376.3 v 24.4 PPM; IQR, 17.8-38.5; P < .05). Nondetected cases had
better OS (P < .05; hazard ratio [HR], 0.263 [95% CI, 0.104 to 0.533]) and
detected cases had similar survival (P 5 .2; HR, 0.672 [95% CI, 0.323 to
1.21]) compared with SEER adjusted for age, GG, and stage. Performance
was similar in PATHFINDER, with no detected GG1/2 (0/13) or stage I/II
(0/16) cases.

CONCLUSION ThisMCED test preferentially detects high-grade, clinically significant PCa. Use
in population-based screening programs in addition to standard-of-care
screening is unlikely to exacerbate overdiagnosis of indolent PCa.

INTRODUCTION

Overdiagnosis of a disease or condition that is unlikely to
cause harm during a patient’s lifetime is an inherent risk of
all screening tests. In oncology, overdiagnosis of prostate
cancer (PCa) is a common problem, estimated to account
for 23%-42% of all screen-detected cases.1 This problem
arises largely because of the high population prevalence of
low-grade, indolent cancers coupled with the low speci-
ficity of prostate-specific antigen (PSA).1 Overdiagnosis
leads to unnecessary harms, including heightened patient
anxiety and overtreatment of biologically insignificant
cancers that may cause undesirable urinary, bowel, and

sexual side effects; unnecessary cost; and overuse of health
care resources.

Blood-based multicancer early detection (MCED) tests
represent a newparadigm for cancer screening. Case-control
studies have demonstrated the ability of these tests to detect
multiple cancer types from a single blood sample with very
low false-positive rates (<1%-2%).2-5 In addition, some
tests include the ability to predict cancer type on the basis of
specific molecular features. One such test that is based on
methylation patterns of circulating cell-free DNA (cfDNA),
was developed and clinically validated in the Circulating
Cell-Free Genome Atlas study (CCGA; ClinicalTrials.gov
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identifier: NCT02889978).5,6 In substudy 3 of CCGA, this
MCED test detected more than 50 individual cancer types
(including urological and nonurological cancers) and accu-
rately predicted cancer signal origin (CSO) in 89% of cases,
with a false-positive rate of 0.5%.5 The subsequent PATH-
FINDER study (ClinicalTrials.gov identifier: NCT04241796)
prospectively assessed the use of the same MCED test in an
intended use population and confirmed its ability to detect
multiple cancer types, including early-stage cancers, with
high specificity.7

MCED tests are currently under development to be used in
addition to existing single-cancer screening protocols in
adults 50 years and older.8 Considering the significant age-
related incidence of PCa within this demographic (Appendix
Fig A1), it is important to evaluate the performance of MCED
tests in identifying both indolent and aggressive forms of
this disease. This study analyzed the performance of the
MCED test used in both substudy 3 of CCGA and PATH-
FINDER studies in detecting PCa, with a key goal of deter-
mining whether its use might contribute to overdiagnosis.

METHODS

MCED Test

The MCED test used in substudy 3 of CCGA and PATH-
FINDER uses next-generation sequencing to interrogate
cfDNA in peripheral blood.9 The test measures the extent
and location of genomic DNA methylation patterns that
indicate the presence of cancer and are also specific to
cancer type. A computational algorithm utilizing locked
classifier determines whether a cancer signal is present,
and if so, a second algorithm predicts themost likely tumor
type, labeled the CSO prediction, which is intended to direct
diagnostic evaluations. Technical aspects of the assay and

analytical and clinical validation have been previously
described.5,9

Tumor Methylated Fraction

Tumor methylated fraction (TMeF) is an estimate of the
quantity of tumor-derived cfDNA and is derived from ob-
servations of methylation patterns characteristic of tumor
DNA. TMeF is a measure of circulating tumor allele fraction
and correlates with tumor burden as measured by clinical
stage, tumor size, and overall survival (OS) for multiple
cancer types.10 TMeF levels were calculated algorithmically
by evaluating the presence of differentially methylated
regions of cfDNA that are hyper- or hypomethylated in
cancers when compared with noncancer individuals and are
reported in parts per million (PPM). Technical details of the
molecular methods and algorithm have been described
previously.10

Study Cohorts

Substudy 3 of CCGA

This cohort was drawn from the larger CCGA study, a
multicenter, case-control, observational study with longi-
tudinal follow-up apportioned for discovery (substudy 1 of
CCGA),9 training and validation (substudy 2 of CCGA),6 and
independent clinical validation (substudy 3 of CCGA)5 of this
novel MCED blood test. CCGA enrolled 15,254 participants
(8,584 with and 6,670 without cancer) 20 years and older
from 142 sites in North America between August 2016 and
February 2019. Eligibility criteria for cases required a con-
firmed cancer diagnosis or high suspicion of cancer with
biopsy or surgical resection planned within 6 weeks of study
entry. Controls were nontransplant recipients without
known current or previous cancer and no acute illness at

CONTEXT

Key Objective
Does multicancer early detection (MCED) testing affect overdiagnosis of indolent prostate cancers?

Knowledge Generated
The MCED test assessed in two large-scale clinical studies (substudy 3 of Circulating Cell-Free Genome Atlas [Clinical-
Trials.gov identifier: NCT02889978] and PATHFINDER [ClinicalTrials.gov identifier: NCT04241796]) preferentially detected
high-grade and high-stage prostate cancers (93% GG3-5 and 67% stage III or IV), notably detecting no GG1, 1.9% of GG2, and
4.2% of stage I and II prostate cancers in these studies. Nondetected prostate cancers had better survival than would be
expected on the basis of the National Cancer Institute SEER data adjusted for age, grade, and stage.

Relevance
MCED testing is unlikely to exacerbate overdiagnosis of indolent prostate cancers. Furthermore, a cancer signal detected
result with prediction of prostate origin strongly suggests the presence of aggressive disease that warrants prompt di-
agnostic workup.
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study entry. Detailed test performance characteristics in
substudy 3 of CCGA are listed in Appendix Table A1.

The PCa cohort from substudy 3 of CCGA included in the
current study comprises 420 recently diagnosed men.

PATHFINDER

The PATHFINDER study was a prospective cohort study of
6,662 adults over age 50 years without clinical suspicion of
cancer enrolled from seven US health networks between
December 2019 and December 2020. Participants underwent
MCED testing using the same test that was used in substudy
3 of CCGA, with results returned to ordering physicians and
participants. Test results included the presence or absence
of a cancer signal and a CSOprediction for thosewith a cancer
signal detected. The primary objective of the study was to
understand diagnostic pathways resulting from a cancer
signal–detected result. Participants continued with
standard-of-care screening, including PSA, during the trial
according to published recommendations and guidance of
their medical providers. Participants were followed for
12 months after enrollment, with a determination of cancer
status (yes/no) made by results of diagnostic evaluations in
those with a cancer signal detected and at study end by
review of the electronic health record in all other partici-
pants. Detailed test performance characteristics in PATH-
FINDER are listed in Appendix Table A1.

The PCa cohort from PATHFINDER included in the current
study comprises 18 men diagnosed during the study by
MCED testing or PSA screening, excluding two with re-
current disease. Individual PSA data were not collected in
PATHFINDER.

Statistical Analysis

Assessment of Test Performance

In this post hoc subanalysis of substudy 3 of CCGA and the
PATHFINDER study, MCED test performance for detecting
PCa was assessed by Gleason grade group (GG) and clinical
stage. Assignments of grade and stage were based on case
report forms from each study. Differences in TMeF between
detected and nondetected cases were analyzed by Wilcoxon
rank-sum test (for substudy 3 of CCGA cohort only).

OS Estimates (substudy 3 of CCGA cohort only)

OS estimates for the 420 participants with PCa in substudy 3
of CCGAwere stratified byMCED detection status (detected v
nondetected). To provide a reference for survival rates, we
obtained OS data from a representative population of indi-
viduals diagnosed with PCa in 17 regions of the United States
from the National Cancer Institute’s SEER Program and
related SEER*Stat program (version 8.4.1). Using data from
patients diagnosed between 2006 and 2015 stratified by age,
cancer stage at diagnosis (American Joint Committee on

Cancer 6th edition stage I, II, III, IV, or unknown), and cancer
grade in SEER, we estimated the expected OS of participants
in substudy 3 of CCGA and compared it with the observed OS
from SEER. A one-sample proportional hazards model was
used to assess the significance of the difference between
observed OS and expected OS in cancer-detected and non-
detected participants.11 All computations and Kaplan-Meier
plots were done using the R software language (version 4.1.2
[2021-11-01]).12

RESULTS

Substudy 3 of CCGA Cohort (N 5 420)

Demographic data are presented in Table 1. The median age
was 65 years (IQR, 59-70), and 85% self-reported as White,
non-Hispanic. The median PSA was higher in detected cases
versus nondetected cases (14 ng/mL; IQR, 7-38 v 6 ng/mL;
IQR, 5-9; Table 1).

The overallMCED test sensitivity for PCa detectionwas 11.2%
(47/420), and the CSO prediction accuracy was 91.5% (43/
47). Of the 420 cases, 14 (3.3%) weremissing GG assignment
and two (0.47%) were missing staging information. PCa
detectability increased with increasing GG (Fig 1A) and
clinical stage (Fig 1B). TheMCED test detected no (0/58) low-
grade (GG1), 1.9% (3/157) favorable intermediate-grade
(GG2), 5.1% (4/78) unfavorable intermediate-grade (GG3),

TABLE 1. Demographic and Clinical Characteristics of Prostate Cancer
Cases in Substudy 3 of CCGA and PATHFINDER

Characteristic
Detecteda

(n 5 48)
Not Detecteda

(n 5 390)

Substudy 3 of CCGA

Age, median (IQR) 67 (62-70) 64 (59-70)

Race, No. (%)

Asian, Native American, or Pacific Islander 1 (2.1) 5 (1.3)

Black, non-Hispanic 0 37 (9.9)

Hispanic 2 (4.3) 12 (3.2)

Other/unknown 0 8 (2.1)

White, non-Hispanic 44 (94) 311 (83)

PSA, ng/mL, median (IQR) 14 (7-38) 6 (5-9)

PATHFINDERb

Age, median (IQR) 66 (66-66) 65 (58-71)

Race, No. (%)

Asian, Native American, or Pacific Islander 0 0

Black, non-Hispanic 0 1 (6.2)

Hispanic 0 0

Other/unknown 0 0

White, non-Hispanic 1 (100) 15 (94)

Abbreviations: CCGA, Circulating Cell-Free Genome Atlas study; PSA,
prostate-specific antigen.
aSubstudy 3 of CCGA and PATHFINDER combined.
bPSA data were not collected in PATHFINDER.

JCO Precision Oncology ascopubs.org/journal/po | 3

MCED Test Preferentially Detects High-Grade Prostate Cancers

http://ascopubs.org/journal/po


and 31.9% (36/113) high-grade (GG4 and 5) cancers. De-
tection by stage was 3.2% (3/95) for stage I disease, 4.7% (11/
235) for stage II disease, 14.9% (7/47) for stage III disease,
and 81.5% (22/27) for stage IV disease. Of the detected cases
with complete data, 34% (15/44) had a PSA<10 ng/mL (Fig 2)
and 31.9% (15/47) had unfavorable intermediate- (GG3) or
high-grade (GG ≥3) early-stage (I-III) disease.

The median TMeF was higher for detected cases than
nondetected cases (2,106.0 PPM; IQR, 349.8-24,376.3 v 24.4
PPM; IQR, 17.8-38.5; P < .05; Fig 3) and was correlated with
serum PSA levels for detected cases (Spearman’s rank cor-
relation coefficient r 5 0.42; Fig 2).

Compared with expected OS estimated from SEER, non-
detected cases had roughly three times better OS (P < .05;
hazard ratio [HR], 0.263 [95%CI, 0.104 to 0.533]), anddetected
cases had similar survival (P 5 .2; HR, 0.672 [95% CI, 0.323 to
1.21]) when adjusted for age, GG, and clinical stage (Fig 4).

PATHFINDER Cohort (N 5 18)

Demographic data are presented in Table 1. The median age
was 65 years (IQR, 58-70), and 89% self-reported as White,
non-Hispanic and 5.6% as Black, non-Hispanic. The overall
episode sensitivity for PCa detection was 5.6% (1/18), in-
cluding no (0/13) GG1-2 and 33% (1/3) GG3-5 cases detected.
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No stage I or II (0/16) and 50% (1/2) stage III and IV cases
were detected.

Because only a single case of PCa was detected in PATH-
FINDER, CSO prediction accuracy, TMeF, and survival esti-
mates were not calculated.

DISCUSSION

MCEDtests are beingdevelopedaspopulation-level screening
tools in asymptomatic individuals to be used in addition to
single-cancer standard-of-care screening, including PSA
for PCa. They are intended for use in the screen-eligible
population, which in the United States is generally consid-
ered to be adults age 50-79 years.13 As PCa is the most
common visceral cancer in men in this age range, it is im-
portant to understand how specific MCED tests perform in
detecting this cancer.

The current study provides insight into the PCa perfor-
mance of the MCED test that was developed and used in two
large clinical studies and is now available commercially
(Galleri, GRAIL, Inc). Detection of PCa was low (test sen-
sitivity of 11.2% in substudy 3 of CCGA and episode sen-
sitivity of 5.6% in PATHFINDER). This MCED test
preferentially detected high-grade and high-stage PCas,
notably detecting no GG1 cancers, 1.9% of GG2 cancers, and
only 4.2% of stage I and II cancers across both studies
combined. These results are unsurprising given the pre-
ponderance of early-stage disease (79% stage I or II) in
these two studies and previous observations that cfDNA
concentrations in men with localized PCa are low and
similar to concentrations in healthy individuals without
cancer.14,15 The results are also consistent with a prospec-
tive study of men with localized disease undergoing radical
prostatectomy, where circulating tumor DNA (ctDNA) was

assessed using the variant-based integration of variant
reads approach.16 In that study, 16% of preoperative blood
samples had detectable ctDNA, and detectability was
associated with higher grade and stage disease and the risk
of both biochemical recurrence and metastasis-free
survival.17

Together with the observation that nondetected PCas had
better survival than age, stage, and grade-comparable
SEER controls, these data strongly suggest that use of
this test in population-based screening programs in ad-
dition to standard-of-care screening tests is unlikely to
exacerbate overdiagnosis of indolent PCa. Conversely, the
observation that the test preferentially detects clinically
significant PCas (93% were GG3-5 and 67% were stage III
or IV) with a CSO prediction accuracy for PCa >90% sug-
gests that individuals with a cancer signal detected and a
prostate CSO prediction should undergo a prompt diag-
nostic evaluation to establish or rule out the presence of
high-grade or high-stage disease for which treatment is
generally indicated.18 Notably, about one third of the de-
tected cases in substudy 3 of CCGA had GG3-5, nonme-
tastatic (stage I-III) disease that is potentially amenable to
cure, supported by the observation that the OS for detected
cases was not worse than expected.

Previous work from CCGA has shown that higher TMeF is
associated with biologic aggressiveness, including mitotic
and metabolic activity and invasiveness.19 The preferential
detection of aggressive PCas in substudy 3 of CCGA is con-
sistent with observations across more than 20 cancer
types,6,20 as is the high OS (relative to expected) of non-
detected cancers.

Strengths of this study include use of observed detectability
of PCa from two independent clinical studies using a locked
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FIG 3. TMeF of prostate cancer cases in substudy 3 of CCGA by MCED test detection status.
CCGA, Circulating Cell-Free Genome Atlas study; MCED, multicancer early detection; PPM,
parts per million; TMeF, tumor methylated fraction.
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machine learning classifier and isolation of cfDNA detect-
ability as a prognostic factor using synthetic controls
matched on age, grade, and stage from SEER, which avoids
confounding detectability with clinical factors. Limitations
include the small number of cases in PATHFINDER; that PSA,
TMeF, and OS data were not available for that cohort; and
that GG and stage were assigned on the basis of determi-
nations by multiple study sites and not subject to central
review or confirmation. In addition, given that overdiagnosis
of PCa due to PSA levels has been shown to disproportion-
ately affect Black men, the generalizability of these findings
is limited by the fact that the vast majority (>85%) of the

study cohorts evaluated here were self-reported as White,
non-Hispanic.21,22

In conclusion, a clinically validated targeted methylation–
based MCED test preferentially detects high-grade and
high-stage clinically significant PCa. A cancer signal de-
tected test result with a prostate CSO prediction strongly
suggests the presence of aggressive disease and warrants a
prompt diagnostic workup. Because the test rarely detects
low-grade disease, its use in population-based screening
programs in addition to standard-of-care screening is un-
likely to exacerbate overdiagnosis of indolent PCa.
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APPENDIX

TABLE A1. Performance Characteristics for All Cancer Types of a
Targeted Methylation MCED Test in Substudy 3 of CCGA and
PATHFINDER Studies

Study
Substudy 3
of CCGA5 PATHFINDER7

Study type Case-control Prospective interventional

Number of participants, N 4,077a 6,621b

Specificity, % 99.5 99.1

Sensitivity, % 51.5c Not calculated

CSO prediction accuracy, % 88.7 88.0

PPV, % 44.4 43.1

Abbreviations: CCGA, Circulating Cell-Free Genome Atlas study; CSO,
cancer signal origin; MCED, multicancer early detection; PPV, positive
predictive value.
a2823 cancer cases and 1,254 noncancer controls.
b121 cancer cases.
cRanging from 16.8% in stage I to 90.1% in stage IV.
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FIG A1. Age-adjusted PCa incidence in the United States
overlaps with the MCED intended use population. Observed
SEER PCa incidence rates by age at diagnosis, years 2016-
2020. Figure generated with SEER.23 MCED,multicancer early
detection; PCa, prostate cancer.
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