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ABSTRACT
Early detection of colorectal cancer (CRC) via population-based screening programs can reduce incidence and mortality. Current 
screening approaches are limited by cost, accessibility, compliance, and colonoscopy capacity. Blood-based screening of circu-
lating tumor (ct) DNA may resolve some of these limitations. This systematic review evaluated the screening potential of blood-
based ctDNA assays in asymptomatic screening populations. We systematically searched the PubMed database (final search 
June 20th, 2025) for studies detecting advanced adenomas (AAs) or CRC in asymptomatic cohorts, where a blood-based ctDNA 
assay had been evaluated with data on specificity, sensitivity, and/or AUC at early stages of disease. Newcastle-Ottowa scale 
was used for quality assessment. Only 20 studies of 454 unique hits met our inclusion criteria. Of these, 12 studies used assays 
targeting specific DNA alterations, while the remaining 8 studies used complex assays. Generally, comprehensive assays such 
as Shield, ColonSecure, and FMBT-CRC had the best performance for early-stage CRC detection with sensitivities of 71%–85% 
and specificities of 88%–90%. Despite being tested in a small cohort, the Coloscape assay was the only assay to reach sufficient 
AA detection with 59% sensitivity and 92% specificity. None of the reviewed ctDNA assays demonstrated sufficient sensitivities 
for both AA and early-stage CRC detection to be considered future screening tools. Screening tools based on ctDNA assays have 
not proved superior to fecal-based immunochemical test (FIT) yet. Future studies need to test ctDNA screening tools in large, 
prospective, asymptomatic cohorts emphasizing AA, and early-stage CRC.

1   |   Introduction

Colorectal cancer (CRC) is the third most frequent and second-
most lethal cancer type worldwide [1], emphasizing the need 
for targeted screening measures facilitating prevention through 
early detection. Early detection and prevention of CRC depend 
heavily on the efficacy of the implemented screening strategies 

[2, 3], which vary between countries and states with some hav-
ing centrally administered national fecal immunochemical test 
(FIT) screening programs (detecting occult blood) of asymptom-
atic individuals and others having an unstructured opportunis-
tic screening approach of both symptomatic, asymptomatic, and 
hereditarily predisposed individuals [4–8]. Both approaches have 
notable shortcomings and remain far from ideal [9]. The reasons 
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behind this are plentiful, but issues of cost, accessibility, compli-
ance, and colonoscopy capacity are particularly highlighted in 
this debate [10–13]. Of note, FIT has shown high sensitivity (71%–
91%) for CRC but still suffers with non-optimal specificity (90%–
95%) and a low sensitivity for advanced adenoma (AA) (25%–40%) 
[14, 15]. In order to secure the colonoscopy capacity, some coun-
tries have increased test positivity threshold with the trade-off of 
missing CRCs [14, 16]. The abovementioned challenges call for 
improved screening approaches or new screening tools.

Blood-based screening for circulating tumor DNA (ctDNA) has 
emerged as a possible alternative with the potential to address these 
challenges. Particularly, since ctDNA methods depend on circu-
lating fragments of tumor-derived DNA, they are generally more 
tumor-specific than FIT. ctDNA has been tested as a screening 
tool for various cancer types such as lung-, colorectal-, pancreatic-, 
breast-, and urothelial cancer using cancer-specific ctDNA targets 
[17–20]. For CRC, ctDNA has proven to be particularly efficient in 
distinguishing patients with metastatic disease from healthy indi-
viduals [21–23]. In the last decade, commercial ctDNA tests such 
as Epi proColon (now rebranded as ColoHealth), Colvera, Galleri, 
and Shield have gained attention as alternatives—especially in the 
USA—to FIT in an opportunistic screening setting [21, 24–27].

However, despite promising ctDNA test results in case–control 
studies, the tests generally underperform when validation is at-
tempted in screening cohorts of primarily average-risk asymp-
tomatic individuals from the general population aged 50–80 years. 
To date, only a few well-powered, prospective clinical trials have 
assessed a ctDNA assay in such populations, and no systematic re-
view has yet compared these studies to evaluate the full screening 
potential of this tool [28]. With this review, we aimed to summa-
rize and compare the performance of different blood-based ctDNA 
assays for early-stage CRC detection in a screening setting to eval-
uate their screening potential in an asymptomatic population.

2   |   Materials and Methods

2.1   |   Systematic Literature Search

The electronic bibliographic database, PubMed, was searched 
for published studies evaluating the performance of any ctDNA 
biomarker for early detection of CRC in a screening cohort. 

The search string included three categories including a disease 
domain [colorectal neoplasia], a detection/screening domain 
[early detection], and a biomarker domain [circulating tumor 
DNA] combined with a Boolean logical “AND.” No constraints 
were made at this level regarding language, human samples, or 
publication type.

All search terms were used as MeSH terms and Title/Abstract 
level combined with “OR.” The final search was performed on 
the 20th of June 2025. The entire search string is available in 
the Supporting Information. The Preferred Reporting Items for 
Systematic reviews and Meta-Analyses (PRISMA) checklist was 
used in order to adhere to transparency recommendations for 
reporting systematic reviews [29].

2.2   |   Study Selection

All studies obtained from the search string were imported into 
Rayyan.AI (Rayyan Systems Inc). Title and abstract of all the 
identified studies were independently reviewed by two of the au-
thors (CLK, MWR, or CT). Inclusion criteria comprised of pub-
lished full-text articles that evaluated ctDNA targets or assays 
for CRC detection with results given as detection rates, sensi-
tivity/specificity, and/or area under the curve (AUC) obtained 
through receiver operating curve (ROC) modeling in a CRC 
screening scenario. Exclusion criteria included are as follows: 
(1) retracted articles; (2) duplicated entries; (3) non-English en-
tries; (4) murine/cell line studies (wrong study design or out of 
scope); (5) entries with no original data (e.g., reviews, editori-
als, etc.) (No original data); (6) studies utilizing other types of 
liquid biopsy biomarkers, such as cell-free (cf) DNA amount or 
fecal ctDNA (wrong type of biomarker); (7) studies only focusing 
on extracolonic cancers (wrong outcome); (8) articles regarding 
post-operative surveillance (wrong population), and lastly; (9) 
technical biomarker development studies (e.g., technical opti-
mization, quality assessment of biomarkers, etc.) (Wrong study 
design). Articles aligning with the abovementioned criteria were 
included for full-text screening (Figure 1).

2.3   |   Cohort Definitions

All studies eligible for full-text review were independently in-
vestigated by two authors. As the scope was to evaluate the 
potential of ctDNA assays as screening tools in a population-
based screening setting, we strived to include studies reporting 
the ctDNA assays' ability to detect tumor development at early 
stages (adenoma or Stage I–II CRC)—preferentially in screen-
ing cohorts of primarily asymptomatic individuals. Hence, 
studies that had included participants from either organized or 
opportunistic screening settings were included. An organized 
CRC screening cohort was defined as a cohort of average-risk 
asymptomatic individuals between 50 and 80 years following a 
national or center-based CRC screening initiative where blood 
samples were drawn before a diagnostic colonoscopy. This type 
of cohort was termed cohort Type A (n = 8, Figure  2). Studies 
with a retrospective analytical approach, but utilizing a prospec-
tively, consecutively collected cohort of asymptomatic individu-
als between the ages 50 and 80 years were categorized as cohort 
Type B (n = 2).

What's New?

Early detection of colorectal cancer via population-based 
screening programs can reduce incidence and mortality, 
but current screening approaches are limited. This system-
atic review evaluated the screening potential of blood-based 
circulating tumor DNA assays in asymptomatic screening 
populations. The findings show that ctDNA assays have 
not proved superior to fecal-based immunochemical testing 
yet. None of the ctDNA assays reviewed showed sufficient 
sensitivities towards both advanced adenomas and early-
stage colorectal cancer detection to be considered as future 
screening tools. ctDNA assays need to be developed and 
validated in a relevant target population and technologies 
improved if early-stage detection is to be achieved.
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Opportunistic cohorts were defined as screening based on colo-
noscopy check-up recommendations or symptoms and could 
contain both asymptomatic (> 50%) and symptomatic par-
ticipants (Figure  2). Opportunistic cohorts were divided into 
two subsets: one including individuals from a non-organized 
screening setting (primarily from countries without fecal-based 
screening) (n = 9) defined as cohort Type C; and one consisting 
of asymptomatic or opportunistic screening cohorts but spiked 
with post-diagnostically selected CRC cases (< 50%) (n = 1) [30], 
named cohort Type D.

Healthy cases were defined as individuals with non-advanced 
neoplasia, for example, non-advanced adenomas, inflammatory 
bowel syndrome, and diverticular disease, as well as people with 
no evidence of disease. Neoplasia diagnostics were required to 
be made via colonoscopy for prospectively included individu-
als or via cancer registries/medical records for retrospectively 

selected individuals to ensure available data on all study partic-
ipants with a blood-based ctDNA test.

Any disagreements were resolved by consensus-based discus-
sion with a minimum of two authors present.

2.4   |   Quality Assessment

Quality assessment was performed for all 20 included studies by 
the three reviewing authors using a modified Newcastle-Ottawa 
scale (NOS) (https://​www.​ohri.​ca/​progr​ams/​clini​cal_​epide​
miolo​gy/​oxford.​asp) for cohort studies. The obtained number of 
stars for all included studies can be observed in Table S1 and fur-
ther information regarding quality assessment can be found in 
the Supporting Information (section “Quality assessment”). The 
maximum number of stars obtainable in the modified NOS is 

FIGURE 1    |    Flowchart for selection of included studies. Flowchart depicting the process of including, screening, and excluding relevant studies. 
No original data included reviews, editorials, letters, and guidelines. Wrong type of biomarker included other types of blood-based biomarkers or liq-
uid biopsies. Wrong population type included post-operative surveillance and studies with more than 50% symptomatic CRCs and no asymptomatic 
AA subset. Wrong outcome included extracolonic cancers or studies with no CRC specific data. Wrong study design included compliance or cost–ben-
efit studies, studies on germline mutations, or technical biomarker development. Out of scope included articles in human papilloma virus or cell-free 
fetal DNA, case reports, or in vitro studies. Non-transparent inclusion included studies where data on inclusion was too sparse to assume whether 
this was a screening-relevant cohort. No early-stage tumor data included articles without data on Stage I–II and AA.

"Colorectal neoplasia"        AND        "Early detection"        AND        "Circulating tumor DNA"

Pubmed
n = 455

Duplicate records
n = 1

Screening of title and abstract
n = 454

Excluded on title and abstract
● Retracted publication (n = 2)
● Not english (n = 13)
● Not human (n = 3)
● No original data (n = 175)
● Wrong type of biomarker (n = 55)
● Wrong population type (n = 39)
● Wrong outcome (n = 14)
● Wrong study design (n = 53)
● Out of scope (n = 6)

Review of full text
n = 94

Excluded on full text
● No original data (n = 5)
● Wrong population type (n = 42)
● No early-stage tumor data (n = 13)
● Non-transparent inclusion (n = 3)
● Out of scope (n = 5)
● Wrong study design (n = 4)
● Overlapping data (n = 2)

Included articles
n = 20

https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
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11, whereas the maximum number of stars in the original NOS 
is 10. Only studies of good (9 stars) or fairly good quality (5–9 
stars) were included.

2.5   |   Data Extraction

Data were extracted by the three reviewing authors with two 
independent data extractions per study entry. The extracted data 
included are as follows: (1) study data; (2) cohort data; (3) meth-
odological data; and (4) result/outcome data (sensitivity, speci-
ficity, AUC).

2.6   |   Definitions

AAs did not have a specific definition but were considered AA if 
the studies defined adenomas as advanced. If a study had the cor-
rect cohort type but did not distinguish between non-advanced 

adenoma and AA and instead had pooled adenoma data, this 
data was included [31, 32]. Since non-advanced adenomas may 
have a lower overall detection rate, caution is advised when in-
terpreting adenoma data from these studies.

Early-stage CRC was defined as CRC of UICC Stage I and II 
(though some studies also included Stage 0/carcinoma in situ with 
these stages). In case TNM scoring was used, early-stage CRC was 
defined as T0, T1, and T2 with M0 and regardless of N stage.

2.7   |   Overlapping Studies

At least three of the published ctDNA biomarker assays 
(Colvera, Epi proColon/ColoHealth, and Shield) were com-
mercially available at the time of this review, and some of 
these biomarkers had been heavily studied (and reviewed 
[33, 34]) in overlapping and increasing populations. When 
information on overlapping data sets was missing, the study 

FIGURE 2    |    Types of CRC screening cohorts in the included studies. Schematic depicting the four types of cohorts included in this review. Type 
(A) are prospective cohorts deriving from organized screening programs of all asymptomatic individuals at average risk of CRC. Of note, only fecal-
test-positive individuals have received a colonoscopy if the cohort is derived from a fecal-test based screening approach. Type (B) are retrospective 
cohorts where blood samples were taken from asymptomatic individuals from the general population in relation to other study protocols. CRC data 
have then been assessed from medical records or registries. Hence, adenomas are completely missed in this sense. Type (C) consists of prospective op-
portunistically screened cohorts where all individuals receive a colonoscopy based on symptoms, a hereditary predisposition, a positive fecal-based 
test or a request from patients or general practitioners. This type of cohort is thus spiked with early-stage CRC that may be more severe as they have 
resulted in symptoms. Type (D) cohorts include cohorts of Type (A), (B), and (C) where the cohorts have been spiked with CRC cases selected post 
diagnosis. These studies may therefore—like the studies of cohort Type (C)—reach higher detection rates. Altogether, these cohort types result in 
the screening populations used to evaluate ctDNA detection of CRC and AA in this systematic review. Number and references to studies are shown 
for each cohort type.
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with the highest number of study participants was included. 
Regarding studies published by LaPointe and colleagues, the 
largest study cohort was chosen between Pedersen et al. and 
Symonds et al. [30, 35] (e.g., Petersen et al.), as well as a study 
focusing solely on sessile serrated lesions from the same re-
search team [36].

3   |   Results

3.1   |   Literature Search Results

In total, 454 unique records published between February 1998 
and June 2025 were identified in PubMed, of which 94 were suit-
able for full-text review following the title and abstract screen-
ing phase (Figure 1). Twenty studies met our inclusion criteria 
and were found eligible for this systematic review.

3.2   |   Study Characteristics

The 20 studies tested ctDNA assays targeting DNA hotspot 
mutations in KRAS and/or BRAF (n = 3), DNA methyla-
tions in BCAT1 and IKZF1 (the Colvera assay, n = 3), DNA 
methylations in SEPT9 (including the Epi proColon assay, 
n = 6), and more complex assays of multiple targets (n = 8). 
Study cohorts derived from North-American (USA), South-
American (Brazil), Australian (Australia), European (Italy, 
Spain, Norway, Greece, The Netherlands, France, Germany, 
and Denmark), and Asian (China, Taiwan, and United Arab 
Emirates) countries (Table  1). The number of participants 
ranged from 52 to 27,010 across the studies with the number 
of CRC cases ranging from 12 to 123 and AA cases from 13 to 
2567. Most studies used plasma samples (n = 18), while a cou-
ple of studies used serum samples (n = 2).

3.3   |   Quality Assessment

The overall quality of the included studies ranged from 5 to 11 
stars with only a single study [38] getting the maximum score 
of 11 stars (Table S1). The main reasons for scores falling lower 
than 11 were the cohort not being an organized screening co-
hort (n = 4 [8, 30, 41, 45]), ascertainment bias through conscious 
selection of the cohort (by spiking with CRC cases, retrospec-
tive selection, or selection of healthy controls from a different 
source than CRC cases) (n = 10 [8, 23, 30, 37, 40–45, 47]), non-
transparency or no description in the methods section regarding 
blood sampling, ctDNA technology and/or ctDNA classification 
(n = 11 [21, 22, 31, 32, 36, 39, 40, 43–47]), and commercial con-
flicts of interest (n = 7 [21–23, 26, 30, 36, 37, 39, 44]). A total of 
3 studies did not find and classify/interpret the results of the 
ctDNA analyzes in a blinded manner despite financial sup-
port from the commercial company owning the ctDNA assay 
[21, 39, 44].

Half of the studies featured opportunistic cohorts of both as-
ymptomatic and symptomatic participants (n = 10 [21, 30–32, 
36, 43–47]). The other half all had cohorts consisting of asymp-
tomatic participants included before diagnostic examinations, 
of which 8 studies prospectively included organized screening 

cohorts [8, 22, 23, 26, 37–39, 41] while the 2 other studies had 
retrospective follow-up/registry-based cohort designs in a gen-
eral population [40, 42].

3.4   |   All CRC Detection

For organized screening cohorts (Type A and B), sensitivities for 
all CRC cases ranged between 47% and 79.2% and specificities 
ranged between 73% and 91.6% (Table 2). The FMBT-CRC test 
by Freenome had the highest sensitivity (79.2%) and the sec-
ond highest specificity (91.5%). The Epi proColon test had the 
highest specificity (91.6%) in the study by Church et al. although 
this specificity was not seen in the other studies validating 
Epi proColon [22, 26].

The performance was improved for some biomarkers when 
considering the opportunistic screening cohorts (Type C and 
D), with sensitivities for all CRC cases ranging between 45% 
and 92.4% and specificities ranging between 17.9% and 100% 
(Table  2). A 20-marker methylation assay showed the highest 
sensitivity (92.4%) [47], although the same assay presented the 
lowest specificity of all assays (17.9%). In contrast, a KRAS/BRAF 
assay by Junca et al. showed the highest specificity (100%), but 
a low sensitivity of 45% [46]. This inverse association between 
sensitivity and specificity held mostly true throughout all stud-
ies, with the exceptions of the ColonSecure and Shield tests that 
both had sensitivities and specificities above 80% [21, 31].

3.5   |   Early-Stage CRC Detection

Generally, the sensitivity of the blood-based ctDNA assays 
decreased when limiting the results to early-stage CRC. For 
organized screening cohorts, the sensitivities ranged be-
tween 37.2% and 71.1% (Table 2). An exception was, however, 
observed in the study by West-Szymanski et  al. where the 
AUC increased from 0.728 (for all CRC) to 0.769 (for early-
stage CRC) [40]. Though the sensitivity also dropped for the 
Freenome assay, it continued to have the highest sensitivity 
for early-stage CRC detection, being the only assay with a sen-
sitivity above 70% [22].

For the opportunistically screened cohorts, sensitivities also 
dropped, ranging from 34.8% to 93.75% (Table  2) where the 
study by Gallardo-Gómez et  al. stands out as the only one 
reaching an increased sensitivity when focusing only on early-
stage CRC (from 92.4% to 93.8%) [47]. Though the sensitivi-
ties also dropped for the ColonSecure and Shield assays, they 
continued to have high sensitivities over 70% for early-CRC 
detection [21, 31].

3.6   |   AA Detection

AAs were in general more difficult to detect across the assays 
investigated. Sensitivities for AAs ranged between 11.2% and 
58.8% among organized screening populations (Table  2). The 
detection of AAs was below 25% for almost all studies (n = 7) 
and there was no data on AAs for the two retrospective stud-
ies [40, 42]. Only one assay performed fairly well: the ColoScape 



1033International Journal of Cancer, 2026

T
A

B
L

E
 1

    
|    

S
tu

dy
 c

oh
or

t c
ha

ra
ct

er
is

tic
s.

A
ut

ho
r,

 y
ea

r 
(r

ef
)

A
ss

ay
 n

am
e/

ge
ne

ti
c 

ta
rg

et
s

C
oh

or
t T

yp
e 

(A
–D

)
C

oh
or

t 
si

ze
 (n

)
E

ve
nt

 s
iz

e 
(n

)
A

ge
 m

ed
ia

n 
(r

an
ge

)
%

 fe
m

al
es

C
ou

nt
ry

C
oh

or
ts

 A
 a

nd
 B

m
SE

P
T

9

C
hu

rc
h 

20
14

 [2
6]

Ep
i p

ro
C

ol
on

A
68

74
C

RC
: 5

3
61

–6
7 

(5
0–

80
)a

34
%

–5
5%

b
U

SA
 a

nd
 G

er
m

an
y

A
A

: 3
14

Po
tte

r 2
01

4 
[3

7]
Ep

i p
ro

C
ol

on
A

15
44

C
RC

: 4
4

N
A

47
%

G
er

m
an

y

A
A

: 6
21

Li
m

a 
20

23
 [8

]
M

et
hy

la
te

d 
SE

PT
9 

an
d 

BM
P3

A
26

2
A

A
: 4

4
58

 (N
A

)
63

%
Br

az
il

K
R

A
S/

B
R

A
F Pe

rr
on

e 
20

14
 [3

8]
K

R
A

S
A

17
0

A
A

: 1
9

62
 (4

9–
74

)
45

%
It

al
y

B
C

A
T

1/
IK

ZF
1

K
ah

n 
20

25
 [2

3]
C

ol
ve

ra
A

77
4

C
RC

: 9
1

64
 (5

6–
70

)
44

%
D

en
m

ar
k

A
A

: 1
49

A
ss

ay
s

Sc
im

ia
 2

01
8 

[3
9]

C
ol

oS
ca

pe
A

52
A

A
: 1

3
N

A
N

A
It

al
y

W
es

t-S
zy

m
an

sk
i 2

02
4 

[4
0]

5h
m

C
 (3

2 
m

ar
ke

r p
an

el
)

B
20

0
C

RC
: 6

7
64

 (5
5–

75
)

46
%

U
SA

Sh
au

ka
t 2

02
5 

[2
2]

FM
BT

-C
RC

 (F
re

en
om

e 
te

st
)

A
27

,0
10

C
RC

: 7
2

57
 (4

5–
86

)
56

%
U

SA
 a

nd
 U

ni
te

d 
A

ra
b 

Em
ir

at
es

A
A

: 2
56

7

Pe
tit

 2
02

3 
[4

1]
M

et
hy

la
te

d 
SD

C2
, N

PY
, 

IK
ZF

1,
 a

nd
 S

EP
T9

A
53

7
A

A
: 1

37
64

 (3
7–

92
)

45
%

A
us

tr
al

ia

Br
en

ne
 2

02
3 

[4
2]

H
U

N
T-

C
RC

d
B

69
C

RC
: 3

4
To

ta
l: 

70
c  (

≥
 20

)
49

%
N

or
w

ay

C
oh

or
ts

 C
 a

nd
 D

m
SE

P
T

9

W
ar

re
n 

20
11

 [3
2]

m
SE

PT
9

C
30

0
A

A
: 1

04
56

 (2
2–

84
)

N
A

U
SA

C
he

n 
20

17
 [4

3]
A

bb
ot

t M
S-

9
C

60
C

RC
: 5

1
N

A
42

%
Ta

iw
an

Jo
hn

so
n 

20
14

 [4
4]

Ep
i p

ro
C

ol
on

C
30

1
C

RC
: 1

01
N

A
 (5

0–
84

)
52

%
U

SA

A
A

: 1
93

(C
on

tin
ue

s)



1034 International Journal of Cancer, 2026

A
ut

ho
r,

 y
ea

r 
(r

ef
)

A
ss

ay
 n

am
e/

ge
ne

ti
c 

ta
rg

et
s

C
oh

or
t T

yp
e 

(A
–D

)
C

oh
or

t 
si

ze
 (n

)
E

ve
nt

 s
iz

e 
(n

)
A

ge
 m

ed
ia

n 
(r

an
ge

)
%

 fe
m

al
es

C
ou

nt
ry

K
R

A
S/

B
R

A
F

G
al

an
op

ou
lo

s 2
01

7 
[4

5]
K

R
A

S 
an

d 
BR

A
F

C
92

A
A

: 3
0d

N
A

 (3
8–

85
)

45
%

G
re

ec
e

Ju
nc

a 
20

20
 [4

6]
K

R
A

S/
BR

A
F

C
13

0
C

RC
: 2

0
N

A
 (2

9–
92

)
36

%
Fr

an
ce

A
A

: 3
9

B
C

A
T

1/
IK

ZF
1

C
oc

k 
20

19
 [3

6]
C

ol
ve

ra
C

e
18

82
A

A
: 3

4
N

A
 (2

8–
86

)
49

%
A

us
tr

al
ia

Pe
de

rs
en

 2
01

5 
[3

0]
C

ol
ve

ra
D

21
05

C
RC

: 1
29

62
 (3

3–
90

)
46

%
A

us
tr

al
ia

 a
nd

 th
e 

N
et

he
rl

an
ds

A
A

: 3
57

A
ss

ay
s G

al
la

rd
o-

G
óm

ez
 2

02
3 

[4
7]

20
-g

en
e 

m
ar

ke
r a

ss
ay

C
f

10
5

C
RC

: 2
4

63
 (5

0–
75

)
47

%
Sp

ai
n

A
A

: 4
2

Zh
ao

 2
02

3 
[3

1]
C

ol
on

Se
cu

re
C

g
34

93
C

RC
: 1

03
54

–6
2 

(2
0–

90
)h

49
%

C
hi

na

A
A

: 1
73

5

C
hu

ng
 2

02
4 

[2
1]

Sh
ie

ld
C

78
61

C
RC

: 6
5

60
 (4

5–
84

)
54

%
U

SA

A
A

: 1
11

6

N
ot

e:
 C

oh
or

t T
yp

es
: (

A
) P

ro
sp

ec
tiv

e 
or

ga
ni

ze
d 

sc
re

en
in

g 
of

 a
sy

m
pt

om
at

ic
 in

di
vi

du
al

s; 
(B

) R
et

ro
sp

ec
tiv

e 
(fo

llo
w

-u
p/

re
gi

st
ry

 b
as

ed
) s

cr
ee

ni
ng

 o
f a

sy
m

pt
om

at
ic

 in
di

vi
du

al
s; 

(C
) P

ro
sp

ec
tiv

e 
op

po
rt

un
is

tic
 sc

re
en

in
g 

of
 a

sy
m

pt
om

at
ic

 
an

d 
sy

m
pt

om
at

ic
 (a

nd
 h

ig
h-

ri
sk

) i
nd

iv
id

ua
ls

; (
D

) P
ro

sp
ec

tiv
e 

sc
re

en
in

g 
co

ho
rt

s s
pi

ke
d 

w
ith

 C
RC

s s
el

ec
te

d 
po

st
 d

ia
gn

os
is

. T
he

 ta
rg

et
s o

f S
hi

el
d,

 C
ol

on
Se

cu
re

, a
nd

 F
re

en
om

e 
re

m
ai

n 
un

kn
ow

n 
fo

r c
om

m
er

ci
al

 p
ur

po
se

s b
ut

 a
re

 st
at

ed
 

to
 in

cl
ud

e 
D

N
A

 a
lte

ra
tio

ns
 (m

ut
at

io
ns

/m
et

hy
la

tio
ns

/C
N

V/
SN

P,
 o

r a
 m

ix
 in

cl
ud

in
g 

se
ve

ra
l o

f t
he

se
) t

ha
t a

re
 a

na
ly

ze
d 

by
 m

ac
hi

ne
 le

ar
ni

ng
 a

lg
or

ith
m

s a
nd

 c
la

ss
if

ie
rs

 to
 g

iv
e 

po
si

tiv
e/

ne
ga

tiv
e 

sc
or

es
 fo

r e
ac

h 
sa

m
pl

e.
A

bb
re

vi
at

io
ns

: A
A

, a
dv

an
ce

d 
ad

en
om

as
; C

RC
, c

ol
or

ec
ta

l c
an

ce
r.

a M
ed

ia
n 

ag
e 

w
as

 6
7 

fo
r C

RC
 c

as
es

 a
nd

 6
1 

fo
r n

on
-C

RC
 c

as
es

.
b T

he
 p

er
ce

nt
ag

e 
of

 fe
m

al
es

 w
er

e 
gi

ve
n 

se
pa

ra
te

ly
 fo

r C
RC

 c
as

es
 (3

4%
) a

nd
 n

on
-C

RC
 c

as
es

 (5
5%

).
c C

oh
or

t c
ha

ra
ct

er
is

tic
s g

iv
en

 fo
r t

ot
al

 c
oh

or
t, 

w
hi

le
 re

su
lt 

da
ta

 w
er

e 
gi

ve
n 

se
pa

ra
te

ly
 fo

r t
ra

in
in

g 
an

d 
va

lid
at

io
n 

co
ho

rt
s.

d A
de

no
m

as
 a

ss
um

ed
 a

s a
dv

an
ce

d 
ad

en
om

as
.

e S
am

e 
co

ho
rt

 a
s P

ed
er

se
n 

S 
et

 a
l. 

bu
t o

nl
y 

se
ss

ile
 se

rr
at

ed
 le

si
on

s i
nc

lu
de

d 
he

re
.

f In
di

vi
du

al
s a

re
 a

ss
um

ed
 to

 b
e 

pr
os

pe
ct

iv
el

y 
se

le
ct

ed
 fr

om
 a

n 
op

po
rt

un
is

tic
 sc

re
en

in
g 

ap
pr

oa
ch

.
g O

nl
y 

“h
ig

h-
ri

sk
” 

in
di

vi
du

al
s w

er
e 

in
cl

ud
ed

 in
 th

e 
st

ud
y.

 “
H

ig
h-

ri
sk

” 
w

as
 b

as
ed

 o
n 

fa
m

ily
/p

er
so

na
l h

is
to

ry
 o

f c
ol

or
ec

ta
l n

eo
pl

as
ia

, I
BD

, o
r s

ym
pt

om
s.

h M
ed

ia
n 

ag
e 

w
as

 6
2 

fo
r C

RC
 c

as
es

 a
nd

 5
4 

fo
r n

on
-C

RC
 c

as
es

.

T
A

B
L

E
 1

    
|    


(C

on
tin

ue
d)



1035International Journal of Cancer, 2026

T
A

B
L

E
 2

    
|    

—
St

ud
y 

ou
tc

om
e 

da
ta

 fo
r e

ac
h 

of
 th

ei
r r

ep
or

te
d 

bi
om

ar
ke

rs
.

A
ut

ho
r,

 y
ea

r 
(r

ef
)

C
as

e 
si

ze
 (n

)

C
oh

or
t 

T
yp

e 
(A

–D
)

A
ss

ay
 n

am
e/

ge
ne

ti
c 

ta
rg

et
s

C
R

C
—

al
l

C
R

C
—

ea
rl

y 
(S

ta
ge

 0
–I

I)
A

dv
an

ce
d 

ad
en

om
a

Se
n

s 
(%

)
Sp

ec
 

(%
)

A
U

C
Se

n
s 

(%
)

Sp
ec

 
(%

)
A

U
C

Se
n

s 
(%

)
Sp

ec
 

(%
)

A
U

C

C
oh

or
ts

 A
 a

nd
 B

m
SE

PT
9

C
hu

rc
h 

20
14

 [2
6]

C
RC

: 5
3

A
Ep

i p
ro

C
ol

on
50

.9
91

.6
—

44
.4

91
.6

—
11

.2
91

.6
—

A
A

: 3
14

Po
tt

er
 2

01
4 

[3
7]

C
RC

: 4
4

A
Ep

i p
ro

C
ol

on
68

.2
78

.2
—

58
.6

78
.2

—
21

.6
78

.2
—

A
A

: 6
21

Li
m

a 
20

23
 [8

]
C

RC
: 3

6
A

a
M

et
hy

la
te

d 
SE

PT
9

—
—

—
—

—
—

15
.9

88
.4

—

A
A

: 4
4

K
R

A
S/

BR
A

F Pe
rr

on
e 

20
14

 [3
8]

A
A

: 1
9

A
K

R
A

S
—

—
—

—
—

—
15

.8
10

0
—

BC
A

T1
 +

 IK
ZF

1

K
ah

n 
20

25
 [2

3]
C

RC
: 9

1
A

C
ol

ve
ra

71
.4

89
.7

—
60

.0
89

.7
—

12
.1

89
.7

—

A
A

: 1
49

A
ss

ay
s

Sc
im

ia
 2

01
8 

[3
9]

A
A

: 1
3

A
C

ol
oS

ca
pe

—
—

—
—

—
—

58
.8

92
.3

—

Li
m

a 
20

23
 [8

]
C

RC
: 3

6
D

a
M

et
hy

la
te

d 
BM

P3
—

—
—

—
—

—
13

.3
84

.1
—

A
A

: 4
4

W
es

t-S
zy

m
an

sk
i 

20
24

 [4
0]

C
RC

: 6
7

B
5h

m
C

 (3
2 

m
ar

ke
r p

an
el

)
47

.0
73

.0
0.

72
8

—
73

.0
0.

76
9b

—
—

—

Sh
au

ka
t 2

02
5 

[2
2]

C
RC

: 7
2

A
FM

BT
-C

RC
 (F

re
en

om
e 

te
st

)
79

.2
91

.5
—

72
.1

91
.5

—
12

.5
91

.5
—

A
A

: 2
56

7

Pe
tit

 2
02

3 
[4

1]
A

A
: 1

37
A

a
M

et
hy

la
te

d 
IK

ZF
1,

 
an

d 
SE

PT
9

—
—

—
—

—
—

2.
2

94
.6

—

Pe
tit

 2
02

3 
[4

1]
A

A
: 1

37
A

a
M

et
hy

la
te

d 
SD

C2
, a

nd
 N

PY
—

—
—

—
—

—
13

.9
89

.5
—

Pe
tit

 2
02

3 
[4

1]
A

A
: 1

37
A

a
M

et
hy

la
te

d 
SD

C2
, N

PY
, 

IK
ZF

1,
 a

nd
 S

EP
T9

—
—

—
—

—
—

14
.6

85
.2

—

Br
en

ne
 2

02
3 

[4
2]

C
RC

: 3
4

B
H

U
N

T-
C

RC
d

47
.1

77
.1

0.
66

9
37

.2
77

.1
—

—
—

—

(C
on

tin
ue

s)



1036 International Journal of Cancer, 2026

A
ut

ho
r,

 y
ea

r 
(r

ef
)

C
as

e 
si

ze
 (n

)

C
oh

or
t 

T
yp

e 
(A

–D
)

A
ss

ay
 n

am
e/

ge
ne

ti
c 

ta
rg

et
s

C
R

C
—

al
l

C
R

C
—

ea
rl

y 
(S

ta
ge

 0
–I

I)
A

dv
an

ce
d 

ad
en

om
a

Se
n

s 
(%

)
Sp

ec
 

(%
)

A
U

C
Se

n
s 

(%
)

Sp
ec

 
(%

)
A

U
C

Se
n

s 
(%

)
Sp

ec
 

(%
)

A
U

C

C
oh

or
ts

 C
 a

nd
 D

m
SE

PT
9

W
ar

re
n 

20
11

 [3
2]

A
A

: 1
04

C
m

SE
PT

9
—

—
—

—
—

—
11

.5
94

.3
—

C
he

n 
20

17
 [4

3]
C

RC
: 5

1
C

A
bb

ot
t M

S-
9

47
.0

89
.0

0.
76

6
34

.8
89

.0
—

—
—

—

Jo
hn

so
n 

20
14

 [4
4]

C
RC

: 1
01

D
Ep

i p
ro

C
ol

on
73

.3
81

.5
—

69
.6

81
.5

—
21

.2
81

.5
—

A
A

: 1
93

K
R

A
S/

BR
A

F G
al

an
op

ou
lo

s 
20

17
 [4

5]
A

A
: 3

0
C

K
R

A
S

—
—

—
—

—
—

10
97

.2
—

G
al

an
op

ou
lo

s 
20

17
 [4

5]
A

A
: 3

0
C

BR
A

F
—

—
—

—
—

—
20

88
.6

—

Ju
nc

a 
20

20
 [4

6]
C

RC
: 2

0
C

K
R

A
S/

BR
A

F
45

10
0

—
38

.5
10

0
—

2.
6

10
0

—

A
A

: 3
9

BC
A

T1
 +

 IK
ZF

1

C
oc

k 
20

19
 [3

6]
A

A
: 3

4
C

C
ol

ve
ra

—
—

—
—

—
—

8.
8

93
.0

—

Pe
de

rs
en

 2
01

5 
[3

0]
C

RC
: 1

29
C

C
ol

ve
ra

65
.9

93
.9

—
56

.3
93

.9
—

6.
2

93
.9

—

A
A

: 3
57

A
ss

ay
s

G
al

la
rd

o-
G

óm
ez

 
20

23
 [4

7]
C

RC
: 2

4
C

20
-g

en
e 

m
ar

ke
r a

ss
ay

92
.4

17
.9

0.
55

3
93

.8
17

.9
—

92
.9

17
.9

—

A
A

: 4
2

Zh
ao

 2
02

3 
[3

1]
C

RC
: 1

03
C

C
ol

on
Se

cu
re

86
.4

88
.1

—
85

.0
88

.1
—

10
.3

88
.1

—

A
A

: 1
73

5

C
hu

ng
 2

02
4 

[2
1]

C
RC

: 6
5

C
Sh

ie
ld

83
.1

89
.9

—
71

.1
c

89
.9

—
13

.2
89

.9
—

A
A

: 1
11

6

N
ot

e:
 C

oh
or

t T
yp

es
: (

A
) P

ro
sp

ec
tiv

e 
or

ga
ni

ze
d 

sc
re

en
in

g 
of

 a
sy

m
pt

om
at

ic
 in

di
vi

du
al

s; 
(B

) R
et

ro
sp

ec
tiv

e 
(fo

llo
w

-u
p/

re
gi

st
ry

 b
as

ed
) s

cr
ee

ni
ng

 o
f a

sy
m

pt
om

at
ic

 in
di

vi
du

al
s; 

(C
) P

ro
sp

ec
tiv

e 
op

po
rt

un
is

tic
 sc

re
en

in
g 

of
 a

sy
m

pt
om

at
ic

 
an

d 
sy

m
pt

om
at

ic
 (a

nd
 h

ig
h-

ri
sk

) i
nd

iv
id

ua
ls

; (
D

) P
ro

sp
ec

tiv
e 

sc
re

en
in

g 
co

ho
rt

s s
pi

ke
d 

w
ith

 C
RC

s s
el

ec
te

d 
po

st
-d

ia
gn

os
is

.
A

bb
re

vi
at

io
ns

: A
A

, a
dv

an
ce

d 
ad

en
om

as
; A

U
C

, a
re

a 
un

de
r t

he
 c

ur
ve

; C
RC

, c
ol

or
ec

ta
l c

an
ce

r; 
Se

ns
, s

en
si

tiv
ity

; S
pe

c,
 sp

ec
if

ic
ity

.
a S

tu
dy

 d
es

ig
n 

in
cl

ud
ed

 a
n 

A
A

 su
bs

et
 o

f p
ro

sp
ec

tiv
el

y 
in

cl
ud

ed
 a

sy
m

pt
om

at
ic

 in
di

vi
du

al
s t

ha
t d

at
a 

w
as

 e
xt

ra
ct

ed
 fr

om
 (c

oh
or

t T
yp

e 
A

), 
al

on
g 

w
ith

 a
 se

le
ct

ed
 C

RC
 su

bs
et

. T
he

 C
RC

 su
bs

et
 th

at
 d

id
 n

ot
 h

av
e 

da
ta

 e
xt

ra
ct

ed
 w

ou
ld

 
th

er
ef

or
e 

be
 c

oh
or

t T
yp

e 
D

, b
ut

 th
e 

A
A

 e
xt

ra
ct

ed
 d

at
a 

be
lo

ng
 to

 c
oh

or
t T

yp
e 

A
.

b S
ta

ge
 I:

 0
.7

67
, S

ta
ge

 II
: 0

.7
71

.
c H

ad
 C

RC
 d

at
a 

w
ith

 u
nk

no
w

n 
st

ag
in

g 
bu

t 5
/7

 w
er

e 
“m

al
ig

na
nt

 p
ol

yp
s”

 a
nd

 w
er

e 
th

er
ef

or
e 

as
su

m
ed

 to
 b

e 
St

ag
e 

0 
(c

ar
ci

no
m

a 
in

 s
itu

). 
Th

e 
ea

rl
y-

st
ag

e 
da

ta
 th

er
ef

or
e 

in
cl

ud
es

 th
is

 g
ro

up
. T

he
 se

ns
iti

vi
ty

 is
 8

0.
6%

 if
 th

e 
un

kn
ow

n 
gr

ou
p 

is
 n

ot
 in

cl
ud

ed
 in

 e
ar

ly
-s

ta
ge

 C
RC

.

T
A

B
L

E
 2

    
|    


(C

on
tin

ue
d)



1037International Journal of Cancer, 2026

assay by Scimia et al. showing a sensitivity of 58.8% and a spec-
ificity of 92.3% [39].

The same was true for opportunistic screening cohorts, with 
half of the studies falling below even 10% (n = 4). Sensitivities 
for AAs ranged between 2.2% and 92.9%, with detection again 
being below 25% for almost all studies (n = 8) (Table 2). The only 
assay in cohorts C and D to have a sensitivity above 25% was 
the 20-marker test by Gallardo-Gómez et al. with a sensitivity of 
92.9% and a specificity of 17.9% [47].

4   |   Discussion

Despite decades of research on the use of blood-based ctDNA as 
a CRC screening tool, only 10 studies have tested ctDNA assays 
in an organized screening population of asymptomatic individ-
uals (cohort Type A/B). Whether this is due to publication bias, 
financial challenges, lack of clinically relevant infrastructure, or 
poor study design, the issue still stands today that the existing 
technology for ctDNA detection in a screening setting is lacking. 
We found 10 studies with opportunistically screened cohorts of 
symptomatic and asymptomatic individuals that are clinically 
relevant with careful interpretation (cohort Type C/D). Though 
not all ctDNA assays were tested in all cohort types, the assays 
in cohorts C and D were able to reach higher performances. As 
symptomatic CRCs would be expected to be of higher UICC 
stages and therefore shed more ctDNA [48], we are not surprised 
to find that screening tools developed in opportunistic screen-
ing cohorts perform worse when detecting asymptomatic early-
stage CRC and AAs.

4.1   |   Early-Stage Versus Late-Stage CRC Detection

In general, all assays included in this review had previously 
been developed and tested in case–control studies—many 
including symptomatic and often late-stage CRC cases, thus 
reaching much higher sensitivities for all CRC than observed 
in here, when looking at early-stage CRC. For instance, the 
LUNAR-2 assay (assumed to later be developed and described 
as the Shield test) showed a sensitivity of 93% for all CRC (84% 
for Stage I and 94% for Stage II) in a cohort of retrospectively 
selected CRC patients [49], while the sensitivity dropped to 
83% (65% for Stage I and 100% for Stage II) in an asymptom-
atic cohort of opportunistically screened individuals [21]. 
Likewise, a meta-analysis including 34 studies using methyl-
ated SEPT9 as target for CRC detection (with no restrictions 
on cohort type or stage distribution) showed a sensitivity for 
all CRC of 67.9% (ranging between 24% and 90%) [34], which 
is somewhat higher than reported in the studies included in 
here with sensitivities of 47%–73% for all CRC and 35%–70% 
for early-stage CRC. The variability between the study re-
sults remains high in both their and our review highlighting 
performance dependencies on cohort ascertainment, study 
designs, laboratory methods, positivity thresholds, and labo-
ratory staff. In all case groups (all CRC, early-stage CRC, AA), 
the range from lowest to highest reported sensitivity and spec-
ificity grew. The studies on mSEPT9 are an example of this, 
suggesting that cohort ascertainment influences assay perfor-
mance more in opportunistically included cohorts compared 

to organized screening cohorts—perhaps due to heterogeneity 
between symptomatic and asymptomatic CRCs.

The two exceptions having better detection of early-stage CRC 
were West-Szymanski et al. and Gallardo-Gómez et al. that in-
vestigated epigenetic markers of 32 and 20 genes, respectively 
[40, 47] with only West-Szymanski et al. having an asymptom-
atic study cohort. In both studies, the majority of their cohorts 
consisted of stage I–II CRCs (61% in Gallardo-Gómez et al. and 
55% in West-Szymanski et  al.) and were used for assay/model 
development and validation (with a training/discovery part and 
a validation part). Their assays being developed for mostly early-
stage CRC therefore might explain why they are the exceptions. 
However, due to the low specificities, this does not compete with 
already implemented screening tools.

Interestingly, only one of the reviewed ctDNA assays 
(ColonSecure) proved equally efficient in the detection of early-
stage CRC (sensitivity of 85% for Stage I–II) as the FIT, which 
has a sensitivity of 73% for Stage I CRC and 80% for Stage II 
CRC [31, 50]. The ColonSecure assay was, however, evaluated 
in a high-risk cohort and these results thus need further vali-
dation in an average-risk cohort. Additionally, it would be use-
ful to see FIT benchmarked against ColonSecure (along with 
the other highest-performing ctDNA assays in this review) in 
a set-up where all participants were required to take both tests 
to allow direct comparison. Thus far, only stool (s) DNA-based 
assays have done this comparison [51], while others have added 
the ctDNA test to an already existing FIT screening program 
to evaluate optimization potential [23, 52, 53]. If blood-based 
ctDNA assays are not able to compete with FIT when it comes 
to early-stage CRC detection, it could be that sDNA assays or 
other types of blood-based biomarker assays is way forward in a 
screening setting.

4.2   |   AA Detection

Unfortunately, the detection rate of AAs fell below 25% for 15 
out of 17 included studies with data on AAs. It is a general issue 
in the literature that ctDNA assays cannot find AAs, despite 
their importance for CRC prevention strategies [17]. According 
to a systematic review and meta-analysis by Goyal et  al. the 
sensitivity of a ctDNA assay should be ≥ 50% with the specific-
ity being ≥ 90% for AAs in order to be equivalent to FIT and 
clinically acceptable [50, 54]. Only the ColoScape test by Scimia 
et al. managed to fulfill these parameters with a sensitivity of 
58.8% and specificity of 92.3% [39]. However, as noted by Goyal 
et al. a sample size of 67 to 100 AA cases would be required in 
order to observe a significant improvement of a ctDNA assay in 
comparison to FIT [55, 56]. Of note, the study by Scimia et al. 
only analyzed 13 cases with AA, meaning that this study heav-
ily lacks the statistical power needed. The ColoScape assay has 
since been developed to include additional ctDNA targets, and 
in a larger cohort of 50 AAs and 27 early-stage CRC cases has 
shown sensitivities of 44% for AAs and 63% and 78% for Stage I 
and II CRC, respectively. These results are, however, only pre-
sented in an abstract [57].

The relatively low performance related to AA and early-stage 
CRC detection could also simply be explained by the fact that 
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early-stage CRC and AA do not produce and shed sufficient 
amounts of ctDNA into the bloodstream for it to be detected in 
a small blood sample [58]. With an estimated half-life of ctDNA 
in the bloodstream being 114 min [59], it is essentially a balance 
between the amount of ctDNA released (being proportional 
to tumor size) and the speed of ctDNA clearance in the blood 
[48]. Evidence also shows that symptomatic AAs are easier to 
detect with ctDNA than asymptomatic AAs (sensitivity of 50% 
vs. 25%, respectively) indicating that symptoms may affect the 
presence of ctDNA in the blood or vice versa [60]. This begs the 
question of whether ctDNA sheds in measurable amounts from 
smaller, asymptomatic tumors and whether the solution is sim-
ply more blood, larger tumors or other biomarkers (e.g., miRNA 
or protein).

4.3   |   Cost-Efficency Considerations

Finally, before implementing any screening tool, the cost needs 
to be considered. A single target assay such as ColoHealth 
(earlier known as Epi proColon) is much cheaper compared 
to complex assays such as Shield (Table  3). Generally, the 
best performing blood-based ctDNA tests include DNA meth-
ylations of several targets (149 methylated targets in the 
ColonSecure assay described by Zhao et  al. [31]) or use sev-
eral molecular methods for ctDNA detection (DNA mutation, 
DNA methylation, fragmentomics, and machine learning 
algorithms used in both Shield and FMBT-CRC [21, 22]). A 
study by van den Puttelaar et al. found that ColoHealth was 
more cost-efficient compared to Shield, although FIT was 
more cost-efficient than both Shield and ColoHealth [61]. 
Another study by Hutchinson et al. found that screening with 
a hypothetical cell-free (cf) DNA assay matching the results of 
Shield would result in more CRC deaths and higher cost com-
pared to FIT if adherence and participation rates matched that 
of FIT [62]. However, they noted that at 100% adherence and 
90% participation (based on real-world data from a withdrawn 
study by Guardant Health Inc. [63]) Shield had increased CRC 
detection and reduced mortality [63]. In this scenario, the cost 
would still be higher than FIT due to the price of Shield. These 
studies have not been done on the Galleri or the Freenome 
assay as the research is still ongoing.

A large consideration when designing blood-based ctDNA 
assays is whether individual cancer screening or pan-cancer 
screening is more cost-efficient. Due to the higher cost of 
comprehensive ctDNA assays (Table  3), several studies have 
looked into pan-cancer approaches such as fragmentomics or 
methylation signatures with promising results [19, 64–66]. 
However, very few have screening-relevant cohorts for pan-
cancer screening with cohorts/trials such as the PLCO from 
West-Szymanksi et al. and the HUNT from Brenne et al. being 
rare exceptions [40, 42].

5   |   Limitations

This systematic review is limited by the small number of in-
cluded studies, many of them based on small cohorts, as it 
proved difficult to find studies that were based on screening 
populations.

Most studies categorized as “Cohort Type A” consisted of 
screening participants from national FIT-based CRC screen-
ing programs where only FIT-positive individuals undergoing 
colonoscopies were analyzed for ctDNA [8, 23, 38, 39, 41]. This 
would result in an over-representation of CRC cases in the study 
cohort—all with blood in the stool—while inhibiting detection 
of CRC cases otherwise missed by FIT. Studies categorized 
“Cohort Type B” included population-based cohorts counteract-
ing the previous limitation but introducing a lack of AA data 
(due to registers and/or patient records used for follow-up) [42]. 
Study cohorts of “Type C” included symptomatic CRC cases 
which may lead to overestimated sensitivities. Only the Shield 
and FMBT-CRC assays were tested in prospectively and con-
secutively included unselected population-based cohorts with 

TABLE 3    |    Commercially available blood-based ctDNA tests.

Commercial name, price, 
and company Characteristics

ColoHealth
New Day Diagnostics
$ 199

Target: methylated SEPT9
FDA approved

Covered by MediCare
Previously known as Epi 

proColon from Epigenomics 
Inc., now rebranded by 
New Day Diagnostics

Colvera
Clinical Genomics
Price unknown

Target: methylated 
BCAT1, and IKZF1

FDA approved
Was previously covered 

by MediCare
Company out of business, 

patent inactive

ColoScape
DiaCarta Inc.
$299

Target: 8 hotspot mutations 
in APC, CTNNB1, 
KRAS, and BRAF
Not FDA approved

Not covered by MediCare

Shield
Guardent Health
$ 895

Target: Specific targets 
unknown, but alleged 

somatic mutations, 
methylations, and an 
AI-scoring algoritm

FDA approved
Covered by MediCare

FMBT-CRC
Freenome Holdings Inc.
Price unknown

Target: Specific targets 
unknown, but alleged 

methylation patterns, and 
an AI-scoring algorithm 

(possibly also investigating 
several types of omics)

Not FDA approved
Not covered by MediCare

Ongoing Research
Not yet available 

for purchase

Abbreviations: AI, artificial intelligence; CRC, colorectal cancer; FDA, U.S. food 
and drug administration.
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all participants undergoing colonoscopies [4, 21]. Shield and 
FMBT-CRC are both comparable to FIT in regard to CRC de-
tection, but since participants did not take a FIT test in these 
studies, it is impossible to know if Shield and FMBT-CRC could 
replace the FIT in parts of the world where it is implemented. 
To fully assess the clinical potential of a CRC screening tool, it 
should be benchmarked against the closest best standard which 
is currently FIT.

A key clinical limitation for many of these studies is that UICC 
Stage II CRC is often found to have a higher detection rate than 
UICC Stage III as was the case with FMBT-CRC (100% for Stage 
II and 82% for Stage III) [22], a Colvera study (90% for Stage II 
and 74% for Stage III) [23], an Epi proColon study (80% for Stage 
II and 65% for Stage III) [44], and a KRAS/BRAF study (30% for 
Stage II and 20% for Stage III) [46] included in this review. This 
is likely caused by the larger T3 and T4 tumors categorized under 
UICC Stage II, whereas UICC Stage III also includes smaller T1 
and T2 tumors with lymph nodes [67]. T-stage has been shown 
to impact the level of ctDNA shedding in CRC, meaning that 
reporting ctDNA sensitivities for CRC based on UICC stages is 
somewhat problematic [48]. UICC Stage II ends up drastically 
increasing the early-stage (UICC Stage I–II) detection based on 
large T3 and T4 tumors with worse prognosis [68]. Thus, more 
studies should report CRC detection rates for ctDNA assays 
stratified by T-stage in the future.

6   |   Conclusion

In summary, there is a considerable lack of solid studies in-
vestigating ctDNA screening tools in asymptomatic cohorts of 
population-based average-risk individuals. None of the ctDNA 
assays reviewed in here showed sufficient sensitivities towards 
both AA and early-stage CRC detection to be considered as 
future screening tools. ctDNA research in solid tumors is an 
evolving field, and while the goal for many is cancer preven-
tion and early detection, the technology and limits of detection 
are not yet developed. Hopefully, future innovative techniques 
and validation in asymptomatic target populations can re-
move some of the challenges of finding the ctDNA target in 
the haystack.
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