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BACKGROUND & AIMS: A blood-based colorectal cancer (CRC)
screening test may increase screening participation. However,
blood tests may be less effective than current guideline-endorsed
options. The Centers for Medicare & Medicaid Services (CMS)
covers blood tests with sensitivity of at least 74% for detection of
CRC and specificity of at least 90%. In this study, we investigate
whether a blood test that meets these criteria is cost-effective.
METHODS: Three microsimulation models for CRC (MISCAN-
Colon, CRC-SPIN, and SimCRC) were used to estimate the effec-
tiveness and cost-effectiveness of triennial blood-based screening
(from ages 45 to 75 years) compared to no screening, annual
fecal immunochemical testing (FIT), triennial stool DNA testing
combined with an FIT assay, and colonoscopy screening every 10
years. The CMS coverage criteria were used as performance
characteristics of the hypothetical blood test. We varied screening
ages, test performance characteristics, and screening uptake in a
sensitivity analysis. RESULTS: Without screening, the models
predicted 77–88 CRC cases and 32–36 CRC deaths per 1000 in-
dividuals, costing $5.3–$5.8 million. Compared to no screening,
blood-based screening was cost-effective, with an additional cost
of $25,600–$43,700 per quality-adjusted life-year gained
(QALYG). However, compared to FIT, triennial stool DNA testing
combined with FIT, and colonoscopy, blood-based screening was
not cost-effective, with both a decrease in QALYG and an increase
in costs. FIT remained more effective (þ5–24 QALYG) and less
costly (–$3.2 to –$3.5 million) than blood-based screening even
when uptake of blood-based screening was 20 percentage points
higher than uptake of FIT. CONCLUSION: Even with higher
screening uptake, triennial blood-based screening, with the CMS-
specified minimum performance sensitivity of 74% and speci-
ficity of 90%, was not projected to be cost-effective compared
with established strategies for colorectal cancer screening.
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olorectal cancer (CRC) is the second leading cause of
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Ccancer death in the United States. Screening can
prevent 10% to 68% of all CRC deaths,2 depending on
screening adherence, modality, and screening frequency.
CRC screening is recommended by the US Preventive Ser-
vices Task Force for individuals aged 45–75 years,3 with
screening performed with annual fecal immunochemical
testing (FIT) or colonoscopy every 10 years, among others.4

Despite the effectiveness and availability of screening,
adherence to screening recommendations remains subop-
timal at about 60%.1 There are persistent barriers to
screening that include fear of and aversion to the screening
test.5,6 Emerging tests, such as a blood-based CRC screening
test, have the potential to circumvent these barriers and
increase screening participation.

A blood-based CRC screening test, completed as part of a
routine health care visit, may be preferred for some patients
over collecting a stool sample or undergoing a screening
colonoscopy, potentially leading to increased CRC screening
uptake.7 However, the performance characteristics of blood-
based screening tests, especially for the detection of
advanced adenomas, may render blood-based tests less
effective than current guideline-endorsed modalities. In
addition, because they are expensive, the current available
blood-based tests may not be cost-effective compared with
colonoscopy or FIT.8

Despite this, the Centers for Medicare & Medicaid Ser-
vices (CMS) issued a coverage decision that states that
triennial blood-based screening tests for individuals aged
50–85 years will be covered if the blood test meets a min-
imum performance sensitivity of 74% for detection of CRC
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WHAT YOU NEED TO KNOW

BACKGROUND AND CONTEXT

There is limited evidence on the (cost-)effectiveness of
blood-based screening with a test that meets the
minimum Centers for Medicare & Medicaid Services–
specified performance sensitivity of 74% and specificity
of 90%.

NEW FINDINGS

Even with higher screening uptake, triennial blood-based
screening was not projected to be cost-effective
compared with established strategies for colorectal
cancer.

LIMITATIONS

We assumed either complete screening uptake or no
uptake (ie, no screening) at all. Furthermore, we did not
consider any substitution effect.

CLINICAL RESEARCH RELEVANCE

Our evaluation of the cost-effectiveness of blood-based
screening tests is a critical factor in determining the
value of implementing such tests.

BASIC RESEARCH RELEVANCE

Our results contribute to the determination of conditions
under which blood test would be cost-effective and
could help inform coverage determinations.
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and specificity of 90%.9 In this study, we evaluated the
effectiveness and cost-effectiveness of a hypothetical blood-
based CRC screening test that meets the CMS coverage
criteria as well as the cost-effectiveness of the currently
available blood tests (Epi proColon [Epigenomics, Inc] and
Shield [Guardant Health, Inc] tests).
Methods
Microsimulation Models

We used 3 independently developed microsimulation models
for CRC (MISCAN-Colon, CRC-SPIN, SimCRC) that are part of the
US National Cancer Institute’s Cancer Intervention and Surveil-
lance Modeling Network and have been used to inform screening
recommendations.10,11 In short, these models generate a cohort,
similar to the US in terms of life expectancy and CRC risk, from
birth until death. They also simulate the development of CRC and
the impact of screening within that cohort. The model structure
and underlying assumptions of the models can be found in more
detail in other publications.12,13 We used the same model input
parameters and assumptions as used in modeling analyses for the
US Preventive Services Task Force in support of its 2021 rec-
ommendations for CRC screening, which account for the latest
trends in CRC incidence.10
Screening Strategies
We simulated screening from ages 45 to 75 years in an

average-risk cohort of 10 million individuals, with participation
in screening, follow-up, and surveillance consistent with rec-
ommendations.10,14 The screening strategies evaluated were
triennial blood-based screening, annual FIT, triennial stool DNA
testing combined with an FIT assay (sDNA-FIT), colonoscopy
screening every 10 years, and a no-screening scenario. Individuals
with a positive result on FIT, sDNA-FIT, or blood test underwent a
follow-up colonoscopy. Those with a false-positive screening test
result resumed screening 10 years after the negative finding on
follow-up colonoscopy with their original modality and schedule.
Individuals in whom adenomas were detected and removed were
assumed to undergo colonoscopy surveillance based on current
US recommendations.14 For groups for which the recommenda-
tions specify a range of intervals, we assumed surveillance was
performed according to the shortest interval.

Test Characteristics
Test characteristics of the hypothetical blood test were

based on the CMS coverage criteria (Table 1). FIT and sDNA-FIT
characteristics were the same as those used in previous anal-
ysis from our group.10 Colonoscopy sensitivities were slightly
decreased based on reported adenoma miss rates in a sys-
tematic review and meta-analysis.17

Costs and Disutilities
Costs of screening, screening-related complications, and

cancer care were computed from a health care sector
perspective and include reimbursed as well as out-of-pocket
payments (Supplementary Table 1). A blood test was
assumed to cost $500 per test.18 For individuals aged 65 years
and older, costs were based on CMS reimbursement rates; for
individuals younger than 65 years, commercial costs were
used.19 Costs were inflated to 2021 US dollars using the per-
sonal health care deflator price index.20

We incorporated disutilities for undergoing a CRC screening
test, having a colonoscopy complication, and having CRC, in line
with previous analyses (Supplementary Table 1).10,21 Estimates
of the test disutility include those associated with the test itself,
those related to fear or anxiety while waiting for the test result,
and those for waiting for a follow-up colonoscopy after a pos-
itive test result. The disutility of a blood test was assumed to be
equal to that of an FIT.

Analysis and Outcomes
We used the models to project the lifetime costs and

(quality-adjusted) life-years of the different screening strate-
gies, applying a 3% annual discount rate. To compare the
blood tests with FIT, colonoscopy, and no screening, incre-
mental cost-effectiveness ratios were calculated with effec-
tiveness expressed in terms of the number of quality-adjusted
life-years (QALYs) gained. A strategy was considered cost-
effective if the incremental cost-effectiveness ratio was below
the willingness-to-pay (WTP) threshold of $100,000 per QALY
gained. The main outcomes were computed per 1000 45-year-
old individuals.

We also identified the maximum unit cost of a blood test at
which blood-based screening would be cost-effective compared
to FIT, sDNA-FIT, or colonoscopy screening.

Sensitivity Analysis
We carried out 5 1-way sensitivity analyses. First, we

simulated triennial blood-based screening from ages 50 to 85
years, in line with the CMS coverage decision. Second, we



Table 1.Screening Test Characteristics Used in the Analysis

Screening test 1 – specificity

Sensitivitya by size of the most advanced lesion

Source
Adenomas
1 to <6 mm

Adenomas
6 to <10 mm

Adenomas
�10 mm CRC

FIT 0.036 0.076b 0.238c 0.738 15

sDNA-FIT 0.09 0.15b 0.42c 0.94 15

Blood test (CMS) 0.1 0.1d 0.1d 0.1d 0.74 9

Colonoscopy 0.1325e 0.69 0.81 0.91 0.91 16,17

Sensitivity analysis
FIT 0.036 0.076b 0.238c 80%f 15,26

Blood test (Epi proColon) 0.196 0.2d 0.2d 0.204 0.702 22,23

Blood test (Shield) 0.1 0.1d 0.1d 0.13 0.83 24

Blood test (CMS) 0.1 0.1d 0.1d 0.1d 80%f 9,26

aPer individual for FIT and blood test, based on most advanced lesion, and per lesion for endoscopy.
bSensitivity for persons with nonadvanced adenomas. For persons with 1- to <6-mm adenomas, MISCAN and SimCRC
assumed that the sensitivity of the test is equal to the positivity rate in people without adenomas or cancer (1 – specificity). The
sensitivity for persons with adenomas of 6 to <10 mm was chosen such that the weighted average sensitivity is equal to that
for nonadvanced adenomas.
cSensitivity for advanced adenomas (ie, adenomas of �10 mm and/or adenomas with advanced histology). We assume no
advanced histology in adenomas of <10 mm.
dAdenomas are only detected by chance, with sensitivity set to the positivity rate in people without adenomas or cancer (1 –

specificity).
eThe lack of specificity with colonoscopy reflects the detection of nonadenomatous lesions that are removed and therefore
induce costs due to polypectomy and biopsy.
fRelative sensitivity for stage I vs stages II–IV. The absolute sensitivity for stage I and stages II–IV values were calculated such
that the weighted overall sensitivity for stages I–IV was equal to the base case sensitivities of 73.8% and 74% for FIT and
blood-based screening, respectively.
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considered existing blood tests with different sensitivity and
specificity. Test characteristics of the Epi proColon test were
based on the average values reported in the literature,22,23 and
those of the Shield test (Guardant Health, Inc) were based on
reported estimates from one study24 (see Table 1).

Third, we assumed a more realistic overall screening uptake
of 60%.25 We also increased the uptake of blood-based
screening from 60% to 70% and 80% and compared the out-
comes to FIT, sDNA-FIT, and colonoscopy screening with 60%
uptake. For these differential uptake analyses, we assumed that
the adherent part of the population was completely adherent to
screening (ie, screened consistent with recommendations/
guidelines) and that the remainder was completely non-
adherent (ie, never screened).

To highlight the importance of adherence with follow-up
after a positive blood test result, we explored a scenario with
100% uptake of screening but imperfect adherence to follow-
up testing, with only 60% of individuals with a positive blood
test or positive FIT result undergoing follow-up colonoscopy.
We assumed that individuals either always or never showed up
for follow-up colonoscopy.

Because it has been shown that sensitivity of noninvasive
tests for the detection of CRC varies by stage, we finally
considered stage-specific sensitivity for CRC (stage I vs stages
II–IV) for FIT and blood tests with 100% screening uptake.26

Our sensitivity estimates were based on reported stage-
specific sensitivities for FIT.26 Due to limited information on
the stage-specific sensitivity for CRC of a blood test, we
assumed the same sensitivities as for FIT. The relative stage I
sensitivity compared to stages II–IV (80%) was used to scale
the absolute sensitivities used in the models. The sensitivity for
stage I and stages II–IV values were calculated such that the
weighted overall sensitivity for stages I–IV was equal to the
base case sensitivities of 73.8% and 74% for FIT and blood-
based screening, respectively. Stage-specific sensitivities were
thus dependent on the stage distribution in the models.

Probabilistic Sensitivity Analysis
In probabilistic sensitivity analysis, we assessed the un-

certainty around screening and treatment costs, disutilities, and
screening uptake. For every base case strategy, we performed
1000 simulations, each containing a different set of sampled
values for costs, disutilities, and screening uptake from distri-
butions that reflect the uncertainty in these model inputs. Costs
and disutilities were drawn from gamma probability distribu-
tions (Supplementary Tables 2 and 3). For FIT, sDNA-FIT, and
colonoscopy, screening uptake was sampled from a uniform
distribution between 50% and 70%; uptake of blood-based
screening was sampled from a uniform distribution between
70% and 90%. Cost-acceptability curves were constructed for
WTP thresholds up to $150,000 per QALY gained.
Results
Without screening, the models predicted that 1000 45-

year-old individuals lived, on average, 21,500–21,500
QALYs and spent $5.3–$5.8 million on CRC treatment



Table 2.Lifetime Effects and Costs per 1000 45-Year-Olds for No Screening, FIT, sDNA-FIT, Colonoscopy, and Blood-Based Screening

Screening strategy
Number of

tests
Number of

colonoscopies
CRC

cases, n
CRC

deaths, na Life-yearsb QALYGb,c Costsb,d

No screening 0 77–88e 77–88 32–36 21,525–21,544 0 5263–5845

FIT screening 18,483–19,236 1728–1856 18–48 6–12 21,632–21,670 125–163 3814–5376

sDNA-FIT screening 7180–7394 1590–1735 21–53 7–13 21,622–21,665 112–156 6435–8121

Colonoscopy screening 2853–3033 4243–4274 15–38 4–10 21,634–21,678 131–177 5426–7023

Blood-based screening 7439–7653 1335–1408 44–68 14–18 21,603–21,637 83–116 8559–9410

Sensitivity analyses
Blood-based screening (age 50–85, every 3 y) 7170–7629 1289–1324 48–71 13–17 21,597–21,627 70–104 8052–8699
Blood-based screening (Epi proColon) 5972–7080 1731–2156 28–56 10–15 21,613–21,650 101–137 7663–8867
Blood-based screening (Shield) 7411–7606 1369–1434 41–67 13–17 21,606–21,644 91–125 8376–9361
FIT screening (stage-specific sensitivity) 1713–19,237 1728–1856 18–48 6–12 21,632–21,670 126–163 3816–5059
Blood-based screening (stage-specific sensitivity) 7440–7640 1334–1408 44–67 15–18 21,601–21,636 80–115 8497–9413
FIT screening, 60% uptake 11,090–13,900 1051–1144 42–64 16–21 21,589–21,619 75–98 4394–5586
sDNA-FIT screening, 60% uptake 4308–4437 989–1072 43–67 17–22 21,583–21,615 67–93 5966–7131
Colonoscopy screening, 60% uptake 1712–1851 2580–2641 38–58 15–20 21,590–21,625 79–106 5329–6473
Blood-based screening, 60% uptake 4463–5279 659–880 57–79 22–26 21,564–21,596 38–70 7240–7905
Blood-based screening, 70% uptake 5207–5347 958–1012 54–73 21–23 21,579–21,606 58–81 7570–8281
Blood-based screening, 80% uptake 5951–6111 1083–1144 51–71 19–21 21,587–21,617 66–93 7900–8658
FIT screening, 60% follow-upf 18,483–19,236 1072–1144 42–64 16–21 21,589–21,619 75–97 4526–5620
sDNA-FIT screening, 60% follow-upf 7180–7394 989–1072 43–67 17–22 21,583–21,615 67–93 5966–7131
Blood-based screening, 60% follow-upf 7439–7639 832–880 57–75 22–25 21,571–21,596 49–69 8636–9263

NOTE. Range across models is given.
QALYG, quality-adjusted life-years gained.
aDeaths from colonoscopy complications are counted as CRC-related deaths.
b(Quality-adjusted) life-years (gained) and costs were discounted at an annual rate of 3%.
cQuality-adjusted life-years gained compared to no screening.
dCosts are in 2021 US dollars and are expressed in thousands (eg, 5263 is 526,300).
eOnly colonoscopies for CRC diagnosis were considered.
fScreening uptake was assumed to be 100%, but only 60% of individuals with a positive test result undergo a follow-up colonoscopy.
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(Table 2). A total of 77–88 patients had a CRC diagnosis, of
whom 32–36 died of CRC. Compared with no screening,
screening reduced the number of CRC cases and CRC deaths
(38–60 cases and 24–29 deaths averted per 1000 with FIT,
33–57 cases and 22–28 deaths averted with sDNA-FIT, 48–
73 cases and 25–32 deaths averted with colonoscopy, and
19–33 cases and 16–21 deaths averted with blood-based
screening) (Figure 1). Lifetime colonoscopies ranged from
1728 to 1856 per 1000 with FIT screening, from 1590 to
1735 with sDNA-FIT screening, from 4243 to 4274 with
colonoscopy screening, and from 1335 to 1408 with blood-
based screening.

Compared with no screening, blood-based screening
increased the number of QALYs by 83–116 per 1000 and
costs by $3.0–$3.8 million per 1000 (Figure 2). With an
incremental cost of $25,600–$43,700 per QALY gained
(Supplementary Table 4), blood-based screening was cost-
effective compared to no screening. However, compared to
FIT, sDNA-FIT, and colonoscopy screening, blood-based
screening was not cost-effective. Compared to FIT
screening, blood-based screening resulted in 39–68 fewer
QALYs per 1000 while increasing costs by $4.0–$4.8 million.
Compared to colonoscopy screening, blood-based screening
resulted in 45–84 fewer QALYs while also increasing costs
by $2.3–$3.4 million. Compared to sDNA-FIT, blood-based
screening resulted in 26–59 fewer QALYs per 1000 and
increased costs by $1.3–$2.1 million.

When a blood test would cost $0, blood-based screening
was still estimated to be more expensive than FIT screening
(Supplementary Figure 1). At zero cost, blood-based
screening was estimated to be less expensive than sDNA-
FIT and colonoscopy screening; however, at a WTP of
$100,000 per QALY gained, blood-based screening was still
not cost-effective.
Sensitivity Analysis
Offering blood-based screening from ages 50 to 85 years

instead of from ages 45 to 75 years yielded slightly fewer
QALYs and slightly lower costs (Table 2), but in terms of
cost-effectiveness, results were similar to the base case
(Supplementary Table 4). Results were also relatively
insensitive to the CRC stage-specific sensitivity assumption.
The Epi proColon and Shield tests yielded more QALYs
gained at a lower cost than a blood test that meets the CMS
performance criteria (þ15–34 and þ4–9 QALYs gained with
a cost decrease of $0.5–$0.9 and $0.05–$0.2 million,
respectively). Despite performing best among the blood
tests, Epi proColon was still less effective and considerably
more costly than FIT screening (Table 2) and therefore not
cost-effective.

Lower screening uptake reduced the benefits of
screening. However, screening with 60% uptake would still
be cost-effective compared to no screening. If uptake of
blood-based screening was 20% higher than uptake of FIT
or colonoscopy screening (ie, 80% vs 60%), blood-based
screening that meets the CMS performance criteria was
still estimated to result in lower QALYs and higher costs (5–
24 QALYs lost with a cost increase of $3.2–$3.5 million
compared to FIT and 10–34 QALYs lost with a cost increase
of $2.2–$2.6 compared to colonoscopy) (Figure 3).
Compared to sDNA-FIT, blood-based screening resulted in
similar QALYs, but at higher costs. With 80% uptake, blood-
based screening with the Epi proColon test resulted in
slightly higher QALYs than FIT screening with 60% uptake.
However, costs remained substantially higher.

Blood-based testing with 100% uptake, but only 60%
adherence to follow-up colonoscopy after a positive test
result, decreased QALYs considerably compared to 100%
uptake with perfect adherence to follow-up testing (Figure 4
and Table 2). The cost-effectiveness of blood-based testing
compared to FIT and sDNA-FIT was relatively insensitive to
the imperfect follow-up assumption.

Probabilistic Sensitivity Analysis
In probabilistic sensitivity analysis, at a WTP of

$100,000, blood-based screening was cost-effective
compared to no screening for almost all (99.8%–100%)
cost, disutility, and screening uptake combinations evalu-
ated (Supplementary Figure 2). In 1.6%–10.0% and 0.1%–
0.5% of the simulations, blood-based screening was cost-
effective compared to sDNA-FIT and colonoscopy
screening, respectively (Supplementary Figure 3). However,
blood-based screening was never cost-effective compared to
FIT. At higher WTPs, the probability that blood-based
screening was cost-effective compared to FIT, sDNA-FIT,
and colonoscopy increased. Even at a WTP of $150,000,
blood-based screening was rarely cost-effective compared
to FIT (0%–1.1%).

Discussion
Evaluating the cost-effectiveness of blood-based

screening tests is a critical factor in determining the value
of implementing such tests. In this study, we showed that a
blood-based screening test with performance characteristics
that meet the CMS coverage criteria is cost-effective
compared to no screening. However, blood-based
screening with these performance criteria was estimated
to be less effective and more costly than the currently rec-
ommended FIT, sDNA-FIT, and colonoscopy screening
strategies. Even if the uncertainty around model parameters
was considered and combined with a 20-percentage-point-
higher uptake, blood-based screening was rarely cost-
effective. Although the Epi proColon and Shield tests, both
of which are currently available, performed slightly better
than a blood test that meets the CMS coverage criteria, FIT
remained the cost-effective option.

At present, the sensitivities of various blood tests for the
detection of CRC are similar to that of FIT. Nevertheless, the
longer screening interval and the current inability of blood
tests to detect precursor lesions are important drivers of its
lack of cost-effectiveness compared to FIT. Moreover, the
cost of a blood test is considerably higher than that of FIT.
Performance characteristics of currently available blood
tests are not yet able to offset the higher cost.

Prior studies have shown the importance of (advanced)
adenoma sensitivity of noninvasive tests to improve the



Figure 1. Number of CRC cases and deaths and number of tests and colonoscopies with different screening strategies.
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balance between costs, burdens, and benefits.27 For
instance, a study compared FIT screening with a hypothet-
ical test that had higher sensitivity for CRC but no sensitivity
for adenomas.28 The findings showed that this hypothetical
Figure 2.QALYs gained and net costs compared to no screen
lonoscopy screening and different blood-based screening s
5,000,000).
test, despite having higher uptake rates, was not more
effective and was more costly than FIT, even though the unit
cost of the test was assumed to be equal to that of FIT. This
result was primarily due to the nondetection of adenomas.
ing for a cohort of 45-year-olds with FIT, sDNA-FIT, and co-
trategies. Costs are expressed in thousands (eg, 5000 is



Figure 3. QALYs gained and net costs for a cohort of 45-year-olds with different uptake scenarios for FIT, sDNA-FIT, colo-
noscopy, and blood-based screening. Test characteristics of the blood test were based on the CMS coverage criteria. Costs
are expressed in thousands (eg, 5000 is 5,000,000).
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Another study explored under which conditions a
biomarker test would be cost-effective, considering different
performance characteristics.29 At the highest performance
characteristics considered (53% sensitivity for large ade-
nomas, 100% sensitivity for CRC, and 100% specificity), the
unit cost of a blood test could be at most 7 times higher than
the unit cost of FIT to be considered cost-effective. This
threshold could potentially double with a 20-percentage-
point increase in uptake. In our study, the unit cost of the
blood test far exceeds 20 times the costs of FIT (ie, $500 vs
$23). Consequently, even with high performance charac-
teristics or improved uptake, blood-based screening stra-
tegies will not be cost-effective.

Although the Epi proColon test has the lowest sensitivity
to detect CRC, screening with this test resulted in slightly
higher QALYs gained and CRC cases and deaths averted
compared to the other blood tests. Due to the relatively low
specificity for CRC of the Epi proColon test, a higher number
of individuals are referred for a follow-up colonoscopy.
Because the detection rate of adenomas was equal to the
Figure 4.QALYs gained and costs for a cohort of 45-year-olds w
with FIT, sDNA-FIT, and blood-based screening compared to p
istics of the blood test were based on the CMS coverage criter
false positive rate in individuals without adenomas or can-
cer, 19.6% of simulated individuals with advanced ade-
nomas underwent a colonoscopy by chance. The detection
of advanced adenomas in these individuals contributed to
the slightly improved results. Another beneficial effect of
low specificity is that individuals without findings at their
follow-up colonoscopy do not need to undergo expensive
screening for at least 10 years. Hence, a test with low
specificity effectively randomly assigns individuals into a
colonoscopy-based screening program. This is favorable for
cost-effectiveness because 1 colonoscopy is less costly than
3 blood-based screening tests.

Similar to FIT, a key advantage of blood-based screening
tests over colonoscopy screening is that it is noninvasive,
which potentially reduces patient discomfort and enhances
screening uptake, leading to improved patient outcomes.
Adler et al7 reported that 97% of individuals who declined
colonoscopy screening opted for a noninvasive test, with
83% choosing a blood test. In addition, our sensitivity
analysis showed that even if a blood test were to increase
ith imperfect adherence to follow-up (FU) colonoscopy (60%)
erfect adherence to follow-up colonoscopy. Test character-
ia. Costs are expressed in thousands (eg, 5000 is 5,000,000).
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screening uptake from 60% to 80% or increase adherence
to follow-up colonoscopy, it would still not be cost-effective
compared to FIT screening at 60% uptake. People may
argue that the comparison should be with no screening
because the blood test is only meant for people not willing to
undergo established tests. For individuals who are unwilling
to undergo FIT or colonoscopy, annual blood-based screening
has been shown to be cost-effective compared to alterna-
tives.21 However, substitution of a blood test for current al-
ternatives cannot be ruled out, especially if the blood draw is
performed at the same time that blood is drawn for other
routine tests. Previous studies of septin 9 showed that when
current alternatives are substituted for by blood-based
screening, the effectiveness of screening will decrease.8

Another critical factor influencing screening effective-
ness is completion of a follow-up colonoscopy after a posi-
tive (noncolonoscopy) test result. Studies have indicated
low rates of follow-up colonoscopy after a positive FIT
result,30,31 which diminishes the overall effectiveness of a 2-
stage noninvasive screening program. In addition, if the test
is expensive, screening costs are increased considerably
without adding significant benefit if patients do not receive
follow-up colonoscopy after a positive test result. Our
models show that a blood test meeting the CMS criteria is
better than no screening, but the degree of benefit depends
highly on the rate of adherence to blood testing and the rate
of follow-up colonoscopy for positive test results. If those
with a positive blood test result are more likely than those
with a positive FIT result to undergo follow-up colonoscopy,
blood-based screening has the potential to enhance its
effectiveness compared to FIT screening.

Our results are consistent with previous studies that
estimated the cost-effectiveness of blood-based screening. A
similar study to ours showed that a blood test meeting CMS
coverage criteria decreased life-years gained by �19
compared to stool-based strategies.32 To achieve the same
life-years gained as multitarget stool DNA and FIT screening
strategies, advanced adenoma sensitivity of 30% and 15%,
respectively, would be needed. Another study showed that
a mSEPT9 blood-based screening test was cost-effective
compared to no screening but was less effective than
established alternatives, such as FIT and colonoscopy.8

Although other studies have evaluated the cost-
effectiveness of blood-based screening, an important
strength of this study is that we modeled imperfect screening
scenarios and explored the threshold cost of a blood test to be
cost-effective. Furthermore, we used comparative modeling
and demonstrated robustness of the results. However, our
work also has 3 noteworthy limitations. First, we assumed
independence between repeat blood tests, but the degree of
independence is unknown. Because blood-based tests rely on
biomarkers, it may be that in some individuals, precursor
lesions or CRC might never be found. For example, 18% of
tumors do not have methylation of the SEPT9 gene pro-
moter.33 The Epi proColon test relies on the detection of the
methylated SEPT9 gene and will therefore not detect CRC at
any test in 18% of individuals. This independence assumption
results in an optimistic bias that favors repeated testing for all
modalities. Second, the disutility associated with a blood-
based screening test was assumed to be equal to that of
FIT. Individuals may experience less discomfort from blood
testing because they do not have to sample their stool, thus
reducing patient disutility. However, for some, the fear and
anxiety associated with a blood draw could be large.34 Given
that our assumed disutility associated with blood testing is
already very modest, this assumption will likely not affect the
results substantially.

Furthermore, we did not consider any substitution effect
in this study. As was indicated before, when substitution of
blood-based screening for alternatives cannot be ruled out,
the effectiveness of screening will be affected. Finally, we
assumed 100% uptake to screening, follow-up colonoscopy,
and surveillance in our base case analysis. Furthermore, in
our differential uptake scenarios, we assumed either com-
plete uptake or no uptake (ie, no screening) at all, which is
not realistic. However, it is more realistic than assuming
that people randomly adhere to screening. At present, there
are limited data available to inform test-specific adherence
in different phases of the screening process. As indicated by
our sensitivity analysis, lower uptake will generally
decrease the (cost-)effectiveness of screening.

When making a coverage decision, CMS evaluates
whether there is sufficient evidence to support that a test is
suitable for screening. Although this concept is valuable to
ensure the use of effective tests, this study shows that
blood-based CRC screening with CMS performance test
characteristics could result in both a significant increase in
costs and a loss of benefit. In an otherwise unscreened
population, blood-based screening would be cost-effective.
However, if those who would otherwise be screened with
a different test are instead screened with a blood test, it
could be problematic. Differences in effectiveness between
blood testing and FIT or colonoscopy are considerable, so
even low levels of substitution could result in lower effec-
tiveness and higher costs. Before blood tests become widely
available and disseminated, more research is needed to
simultaneously define the conditions (ie, test characteristics,
costs, and adherence) under which blood tests would be
effective and cost-effective compared to other screening
options. These conditions could inform more comprehen-
sive coverage determinations.

In conclusion, CRC screening with blood tests is likely to be
cost-effective compared to no screening. However, the current
test performance characteristics are insufficient to justify their
high costs compared with less expensive and more effective
alternatives such as FIT, sDNA-FIT, and colonoscopy.
Supplementary Material
Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
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