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Abstract: There have been multiple recent updates for recommenda-
tions pertaining to colorectal cancer (CRC) screening. Among the most
notable is the recommendation from several guideline-issuing bodies
to initiate CRC screening examinations at 45 years of age for individ-
uals at average risk for CRC. Current CRC screening methods include
stool-based tests and colon visualization examinations. Currently
recommended stool-based tests include fecal immunochemical testing,
high-sensitivity guaiac-based fecal occult blood testing, and multitarget
stool DNA testing. Visualization examinations include colonoscopy,
computed tomography colonography, colon capsule endoscopy, and
flexible sigmoidoscopy. Although these screening tests have shown
encouraging results for CRC detection, there are important differences
between these testing modalities for precursor lesion detection and
management. In addition, emerging CRC screening methods are being
developed and evaluated. However, additional large, multicenter clin-
ical trials in diverse populations are needed to validate the diagnostic
accuracy and generalizability of these new tests. This article reviews
the recently updated CRC screening recommendations and current

and emerging testing options.

olorectal cancer (CRC) is the third most commonly diagnosed

cancer in men and women in the United States, with 104,270

new cases of CRC diagnosed in 2021.! However, CRC diagno-
ses have diminished yearly since the late 1980s, likely owing to increas-
ing use of various CRC screening methods and government-mandated
third-party payer coverage of screening costs.' Highlighting the value of
prevention, CRC care has the second highest cost of any cancer in the
United States. One study found the average annual Medicare cancer-
related health care spending for individual patients with newly diagnosed
CRC to be $40,000 in 2010 and projected this cost to be $80,000 in
2020.% This article reviews the recently updated CRC screening recom-
mendations and current and emerging testing options.

Colorectal Cancer Screening Guidelines

In the United States, there are 3 major CRC screening guideline—issu-
ing groups whose recommendations have direct impact on legislatively
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Table 1. Recommendations for CRC Screening Tests

THE PRESENT AND FUTURE OF COLORECTAL CANCER SCREENING

ACS? USPSTF* USMSTF

hsFOBT Annually Annually Not included in guidelines

FIT Annually Annually Annually

mt-sDNA Every 3 years Every 1-3 years Every 3 years

CTC Every 5 years Every 5 years Every 5 years

CCE Not included in guidelines Not included in guidelines Every 5 years

ES Every 5 years Every 5 years Every 5-10 years but favors
Every 10 years if combined Gy Tl
with annual FIT

Colonoscopy Every 10 years Every 10 years Every 10 years

mSEPT9 Not included in guidelines Not included in guidelines Not recommended for

CRC screening

ACS, American Cancer Society; CCE, colon capsule endoscopy; CRC, colorectal cancer; CTC, computed tomogmphy colonography; FIT, fecal immunochemical testing;

ES, flexible sigmoidoscopy; hsFOBT, high-sensitivity guaiac-based fecal occult blood testing; mSEPT9, methylated septin 9; mt-sDNA, multitarget stool DNA testing;

USMSTE US Multi-Society Task Force; USPSTE, US Preventive Services Task Force.

mandated coverage decisions: the American Cancer Soci-
ety (ACS), US Preventive Services Task Force (USPSTEF),
and US Multi-Society Task Force (USMSTF) (Table 1).
In its 2018 update, the ACS issued a qualified recom-
mendation that individuals at average risk for CRC start
screening at 45 years of age.> A qualified recommenda-
tion indicates clear evidence of the benefit of screening
but less certainty about the balance of benefits and harms
or about patients’” values and preferences, which could
lead to different decisions about screening. The ACS
retained its strong recommendation for CRC screening
in average-risk individuals to begin at 50 years of age.
A strong recommendation conveys the consensus that
the benefits of adherence to that intervention outweigh
the undesirable effects that may result from screening.
The inclusion of the younger age for screening initia-
tion in the ACS guidelines represented a major shift
in CRC screening recommendations and was based on
observational and modeling data demonstrating a shift
of increasing CRC incidence in younger patients over the
past 3 to 4 decades.

The ACS has recommended CRC screening for aver-
age-risk individuals consisting of select stool-based tests
or visualization examinations of the colon and rectum.?
The stool-based tests in the ACS guidelines include fecal
immunochemical testing (FIT), high-sensitivity guaiac-
based fecal occult blood testing (hsFOBT), or multitarget
stool DNA testing (mt-sDNA). Colonic visualization
examinations in these guidelines include colonoscopy,
computed tomography colonography (CTC), or flexible
sigmoidoscopy (FS). In addition, the ACS has recom-

mended that the decision to undergo CRC screening
in individuals ages 76 years through 85 years should be
based on individual patient preferences, life expectancy,
overall health, and prior CRC screening history. The ACS
guidelines do not include specific guidelines for individu-
als at increased risk for CRC, such as those with a family
history of CRC, personal history of inflammatory bowel
disease, or known hereditary CRC syndromes such as
familial adenomatous polyposis or Lynch syndrome. The
ACS did recommend that CRC screening for individuals
with a prior history of radiation to the abdomen or pelvis
should begin 5 years after the radiation or at age 30 years,
whichever is reached last. For patients with inflammatory
bowel disease, colonoscopy is generally recommended 8
years after diagnosis and repeated every 1 to 3 years.

In 2021, the USPSTF updated its CRC screening
recommendations to initiate CRC screening in aver-
age-risk adults between the ages of 45 and 49 years.* This
recommendation, similar to the qualified recommenda-
tion of the ACS, was a grade B recommendation, indi-
cating that there is high certainty of moderate net benefit
of the practice or moderate certainty that the net benefit
is moderate to substantial. Initiating screening at age 50
years retained a grade A recommendation in the USPSTF
guidelines, indicating that there is high certainty that the
net benefit of the practice is substantial. According to the
USPSTE, selective and individualized screening should be
offered to individuals aged 76 to 85 years.

The third set of widely cited guidelines comes
from the USMSTF and represents a consensus opinion
from CRC screening experts representing the American
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Table 2. Noninvasive CRC Screening Options

Test Test Characteristics

Test Details

Stool-Based Tests | FIT
* Specificity: 94%%

* Sensitivity for CRC: 79%

¢ No dietary or drug restrictions
* Single stool sample
* Sensitivity and specificity modifiable

* Colonoscopy for positive test

¢ Single stool sample

* Colonoscopy for positive test

CCE * Sensitivity for polyps 26 mm: 88% * Requires bowel preparation

mt-sDNA * Sensitivity for CRC: 92%
* Specificity: 87%
Imaging-Based
Tests * Specificity: 82%%

* May take up to 10 hours

¢ Colonoscopy for positive test
Y

* Specificity: 80%

GG * Sensitivity for polyps 26 mm: 89% * Requires bowel preparation

* Low-dose radiation exposure

* Colonoscopy for positive test

Blood-Based Test

mSEPT9 * Sensitivity for CRC: 48%
* Specificity: 80%-91%*

* Not recommended by USMSTF

* Colonoscopy for positive test

CCE, colon capsule endoscopy; CRC, colorectal cancer; CTC, computed tomography colonography; FIT, fecal immunochemical testing; mSEPT9, methylated septin 9;

mt-sDNA, multitarget stool DNA testing; USMSTE, US Multi-Society Task Force.

College of Gastroenterology, the American Gastro-
enterological Association, and the American Society
for Gastrointestinal Endoscopy. These guidelines were
updated in 2022 and offer slightly more specific rec-
ommendations than those of the ACS and USPSTE
including a hierarchal classification of commonly used
CRC screening tests. The USMSTF recommends Tier 1
tests such as colonoscopy every 10 years or annual FIT as
the cornerstones of screening.’ Tier 2 tests include CTC
every 5 years, mt-sDNA every 3 years, and FS every 5 to
10 years. Colon capsule endoscopy (CCE) every 5 years
is included as a Tier 3 test owing to limited evidence
and current obstacles to reimbursement. The updated
USMSTEF guidelines also recommend CRC screening
to begin at 45 years of age in average-risk individuals.®
According to the USMSTE CRC screening should be
discontinued in individuals with prior negative screen-
ing upon reaching 75 years of age or who have less than
10 years of life expectancy. However, the USMSTF
guidelines state that CRC screening should be consid-
ered up to age 85 years in individuals with no previous
screening. The USMSTF also recommends that individ-
uals with a firsc-degree relative with CRC or advanced
adenoma diagnosed at age less than 60 years, or with 2
first-degree relatives with the above findings at any age,
should undergo screening with colonoscopy every 5
years, beginning at 40 years of age or 10 years before the
age of diagnosis of youngest affected relative, whichever
is earlier’ Per the USMSTE clinicians may consider
expanding the colonoscopy interval for patients with a
single first-degree relative with CRC in whom no signif-

icant colorectal neoplasia is found by 60 years of age. In
individuals with a single first-degree relative diagnosed
with CRC or advanced adenoma after age 60 years, CRC
screening should begin at 40 years of age with the same
test options and intervals as average-risk individuals.’

Current Colorectal Cancer Screening Tests

CRC screening tests can be broadly conceptualized into
a variety of descriptive categories (Table 2). First, there
are tests that can detect prevalent CRC. Tests in this cat-
egory include all stool- and blood-based tests as well as
nonendoscopic visualization tests such as CTC and CCE.
Conversely, colonoscopy and ES can both detect and pre-
vent the development of CRC through the resection of
early cancers or precursor lesions. Another classification of
CRC screening tests distinguishes between those that rely
on secondary markers of neoplasia, such as blood- and/
or neoplasia-associated DNA or protein products, from
those that rely on visualization of neoplasia within the
colonic lumen; stool- and blood-based tests are included
in the former, whereas colonoscopy, FS, CCE, and CTC
comprise the latter. Finally, CRC screening options can
be divided into triage tests and preventive tests. The only
currently available preventive CRC screening test is colo-
noscopy, which permits detection and removal of colonic
neoplasia (cancerous and precancerous) throughout the
entire colorectum. All other CRC screening tests can be
considered triage tests, implying that a positive result from
any noncolonoscopy CRC screening test should result in
timely referral for colonoscopy to confirm the findings of
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the positive triage test and permit definitive management
of endoscopic findings.

CRC screening tests vary in cost from a few US dol-
lars to more than $1000. Because a screening program is
intended to be applied to a healthy population without
signs or symptoms of disease, the cost-effectiveness of
these screening modalities has been studied extensively. A
2011 review by Lansdorp-Vogelaar and colleagues showed
that the cost per year of life saved with CRC screening
with any of the currently recommended tests is within the
generally accepted amount of less than $50,000 compared
with no screening.” Another review has also demonstrated
that performing CRC screening as described in existent
guidelines is more cost-effective than no screening.®

Fecal Occult Blood Testing

Guaiac-based fecal occult blood testing (gFOBT) detects
occult blood in the stool through a chemical reaction
based on the pseudoperoxidase activity found in hemo-
globin. When stool containing hemoglobin is spread
onto guaiac paper and exposed to hydrogen peroxide, an
oxidative reaction turns the paper blue. Current gFOBT
utilizes hsFOBT.

Five pragmatic randomized controlled trials of
gFOBT showed a reduction in CRC mortality,”*® and
meta-analysis has demonstrated a reduction in CRC
mortality with gFOBT compared with no screening.'
However, these conclusions should be interpreted with
caution owing to significant limitations such as the use of
older, non-hsFOBT and methodologic differences among
studies involving gFOBT processing, frequency of test-
ing, study quality, and use of statistical adjustments in the
analysis and reporting of individual trial data.

Although largely replaced by FIT in the United
States, hsFOBT continues to be used in some countries as
the primary average-risk population CRC screening test
and has a sensitivity for CRC detection of approximately
70%.'1* hsFOBT is not sensitive for the detection of
colorectal neoplasia such as advanced and nonadvanced
adenomas, however. Thus, any CRC mortality benefit
derived from a positive gFOBT (high sensitivity or not)
likely derives from subsequent colonoscopy with polyp-
ectomy or localization of curable CRC and appropriate
surgical or medical therapy. Underscoring the inability
of gFOBT to prevent CRC, patients in the Nottingham
FOBT trial followed for 20 years demonstrated a sus-
tained reduction in CRC mortality but no significant
reduction in CRC incidence.'

Fecal Immunochemical Testing

FIT detects human globin in the gastrointestinal tract
and is superior to hsFOBT for CRC screening. FIT has
largely replaced gFOBT and hsFOBT in the United

States and many other countries. The effectiveness of FIT
for reducing CRC mortality was evaluated in a Taiwanese
prospective cohort study that found that 1 to 3 rounds of
screening with biennial FIT conferred lower CRC mor-
tality at 6 years’ follow-up compared with no screening
(adjusted relative risk, 0.90; 95% CI, 0.84-0.95)." Sim-
ilar to hsFOBT, the positivity rate, subsequent demand
for colonoscopy, detection rate, and positive predictive
value of FIT for CRC decreased with multiple rounds
of testing in other studies.”?! These studies also showed
that participation rates tended to remain stable through
multiple rounds of screening with FIT. A meta-analysis
that reviewed 31 studies found that FIT is highly sensi-
tive for CRC, although with a high false-positive rate.”
However, FIT is less sensitive for detecting advanced ade-
nomas owing to the natural history of these lesions, with
annual transition rates to CRC of 3% to 6%, suggesting
that there is an opportunity for detection of CRC with
regularly scheduled repeat screening tests.

Other large national and multinational prospective
studies have demonstrated that FIT is an acceptable and
cost-effective CRC screening test.”? FIT has higher
sensitivity than hsFOBT for both advanced adenomas
and CRC with comparable specificity. Importantly, FIT
involves no drug or dietary restrictions and requires only 1
stool sampling, compared with 3 samples for hsFOBT.?**
The optimal interval for FIT remains unclear. A Dutch
study showed that the detection of advanced neoplasia
was not influenced by variable intervals of 1 to 3 years.?! A
cost-effectiveness analysis also showed that FIT performed
annually yielded life-years gained similar to colonoscopy
performed every 10 years.”® Finally, compared with qual-
itative hsFOBT, the quantitative results obtained with
FIT demonstrate better quality control with automated
reading and the ability to adjust the cutoff concentrations
to define a positive test.”’

Multitarget Stool DNA Testing

mt-sDNA consists of 2 distinct test modalities, with
the results processed through a proprietary algorithm
producing a positive or negative result. In addition to a
FIT assay, mt-sDNA detects multiple neoplastic DNA
markers through the performance of quantitative molec-
ular assays for KRAS mutations, aberrant NDRG4 and
BMP3 methylation, and B-actin. In a pivotal study of
nearly 10,000 average-risk individuals undergoing both
mt-sDNA and FIT, mt-sDNA demonstrated significantly
higher sensitivity for the detection of CRC and advanced
polyps, including polyps with high-grade dysplasia and
sessile serrated polyps of greater than 1 cm.*® However,
mt-sDNA demonstrated more false-positive results than
FIT. Also, a non-US study showed that advanced ade-

nomas with high risk of progression were not detected
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with significantly higher sensitivity by either mt-sDNA
or FIT" Because certain races are associated with an
increased risk of CRC, mt-sDNA has been evaluated in
the context of racial demographics. In one study, the sen-
sitivity and specificity of mt-sDNA were similar between
White and Black patients,? and in another study, the sen-
sitivity of mt-sDNA in native Alaskan patients, who have
one of the highest global rates of CRC, was significantly
higher than FIT alone.?

Computed Tomography Colonography

CTC consists of postacquisition processing of CT digi-
tal image data to accentuate tissue and gas CT density
differences. CTC platforms can present images in a
2- or 3-dimensional format that depicts the intralumi-
nal aspect of the colon and rectum to detect polyps or
masses. In 2003, a large, multicenter US Department of
Defense trial comparing CTC with colonoscopy showed
that CTC had a sensitivity of 94% and specificity of
96% for large (>1 cm) adenomas.** Using a lower size
threshold of 6 mm or larger, the sensitivity and specificity
of CTC decreased to 89% and 80%, respectively. With
numerous additional studies demonstrating acceptable
sensitivity and specificity for CRC and polyp detection,
CTC is included in the ACS and USMSTF guidelines as
an acceptable CRC screening test for average-risk indi-
viduals. Although CTC is safe and does not require seda-
tion, it does require a full cathartic bowel preparation and
its sensitivity for diminutive and flat neoplasia has been
questioned. The CTC Task Force of the American Gas-
troenterological Association developed training standards
for interpreting and applying CTC and updated these
recommendations in 2011.% Owing to the infrastructure
required and coverage limitations, CTC is not routinely
used for CRC screening in 2022, with some notable geo-
graphic exceptions, and has been relegated primarily to
complete screening in patients in whom colonoscopy is
not feasible.

Colon Capsule Endoscopy

CCE utilizes a disposable capsule that records color video
images from both ends of the capsule while being pro-
pelled through the colon by peristalsis. The dual cameras
included in the device allow 344-degree coverage of the
colonic mucosa. There are 2 generations of CCE that are
available, with the later showing improvement in polyp
detection.* The operation time of the capsule is approx-
imately 10 hours, and a reader is needed to interpret
recorded images that are uploaded to a reading program,
like with small bowel capsule endoscopy. A thorough
bowel cleanse is required before CCE to ensure complete
visualization. Most research using CCE has evaluated the
technique in high-risk patients with symptoms suggesting

CRC or with positive hsFOBT or FIT.* Results from
the TOPAZ trial, the first study to evaluate CCE in an
average-risk CRC screening population, were recently
published.?” This multicenter study compared CCE with
CTC and demonstrated that CCE was significantly more
sensitive than CTC for the detection of polyps 6 mm or
larger and noninferior to CTC for polyps 10 mm or larger.
In this study, CCE had comparable accuracy to colonos-
copy for neoplasia detection. The American College of
Gastroenterology screening guidelines mention CCE as
an option for patients who are unable to undergo colo-
noscopy or FIT,*® and the USMSTF guidelines include
CCE as a Tier 3 CRC screening test based on the limited
evidence supporting its use in an average-risk screening
population. CCE is approved for examination of the
colon in patients at high risk for colonoscopy-related
complications but does not currently have US Food and
Drug Administration clearance for routine CRC screen-
ing in average-risk individuals.

Flexible Sigmoidoscopy

ES allows direct visualization, tissue sampling, and polyp
removal from the colonic mucosa but is limited to visu-
alizing the left side of the colon. It is typically performed
without sedation and with a limited bowel preparation
with enemas rather than the full catharsis used for other
visual screening tests. Four randomized controlled trials
employing 1 to 2 screening examinations with FS at
intervals of 3 to 5 years have demonstrated CRC mor-
tality reductions.*** FS has been shown to reduce CRC
incidence by 20% and CRC mortality by 27% at 11
years” follow-up.*** Despite evidence for the efficacy of
FS as a CRC screening test, it has low utilization rates in
the United States owing in part to colonoscopy studies
showing superior performance and the nonsedated nature
of the examination.

Colonoscopy

Colonoscopy has been used as the ground-truth compara-
tor in numerous evaluations of hsFOBT, FIT, mt-sDNA,
and other noncolonoscopic test modalities. Although
invasive, colonoscopy allows visualization as well as sam-
pling and resection of cancerous or precancerous lesions
and permits longer intervals between screening, with
colonoscopy recommended every 10 years after normal
evaluation. Two large trials that evaluated the results of
screening colonoscopy were instrumental in its adoption
as the preferred CRC screening and prevention test. The
first was the Veterans Affairs Cooperative Study Group
380 trial by Lieberman and colleagues, in which screening
colonoscopies in asymptomatic individuals found that if
examination was limited to the distal colon (junction
between the descending and sigmoid colon), only 31.9%
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of advanced neoplasia would have been detected.® The
second was the CONCeRN trial by Schoenfeld and col-
leagues.* This trial mimicked the Veterans Affairs Coop-
erative Study Group 380 trial, but with a 100% female
population. Similarly, the study found that if FS alone
was performed, then 65% of advanced neoplasia would
have been undetected.

Screening colonoscopy has been shown to reduce
rates of CRC-related adverse outcomes. A retrospective
cohort study showed there is 46% and 95% reduced
risk of CRC and CRC-related deaths, respectively, up to
12 years after a negative colonoscopy.”” Another obser-
vational cohort study demonstrated a hazard ratio (HR)
for CRC mortality of 0.32 (95% CI, 0.24-0.45) with
colonoscopy vs no colonoscopy over 24 years, with better
results observed for distal cancers (HR, 0.18; 95% CI,
0.10-0.31) than for proximal cancers (HR, 0.47; 95% CI,
0.29-0.76).%

Methylated Septin 9

Methylated septin 9 (mSEPT9) is a US Food and Drug
Administration—approved blood-based CRC screening
test.”” SEPTY is part of a group of GTP-binding proteins,
and methylation of SEPTY is associated with tumorigen-
esis and is a biomarker for CRC. However, detection of
CRC with mSEPT9 is skewed toward advanced-stage
neoplasia, so its use as a screening test for asymptom-
atic average-risk individuals has been questioned, and
the USMSTF guidelines recommend against the use of
mSEPTO for this indication. Studies show a sensitivity of
48% for the detection of CRC and 11% for the detection
of advanced adenoma with mSEPT9.3847

Emerging Colorectal Cancer Screening
Tests

Early detection of CRC has been shown to decrease can-
cer-related mortality by 33% to 60%.% However, CRC
screening compliance among eligible patients remains
below the 80% goal for the population established more
than a decade ago,' highlighting the need for additional
accurate CRC screening test options that are acceptable
to patients and scalable to population screening. Over
the past decade, there have been numerous important
and promising advances, including the emergence of new
screening tests and refinement of existing technology to
improve the identification of colonic neoplasia. Advances
in proteomics, genomics, and metabolomics are also
leading to promising developments that may impact
CRC screening in the future. Multiple companies and
investigators are evaluating noninvasive tests using serum
biomarkers (liquid biopsies) for colorectal neoplasia.
These novel CRC screening test platforms are based on

Table 3. Emerging Noninvasive CRC Screening Tests

Blood Test Biomarker

Developer Target(s) Clinical Study
Freenome cfDNA + protein PREEMPT CRC
Guardant ctDNA ECLIPSE

Health

Exact Sciences ctDNA BLUE-C

cfDNA, cell-free DNA; CRC, colorectal cancer; ctDNA, circulating tumor DNA.

neoplasia-derived components such as circulating tumor
cells, circulating tumor DNA (ctDNA), or protein mark-
ers that are isolated and amplified from peripheral blood
(Table 3). These novel methods have broad potential not
only for CRC screening but also for long-term monitoring
and surveillance, prognostication of outcomes, and deter-
mination of adjunctive therapies for patients diagnosed
with CRC. Currently, there are multiple ongoing trials
evaluating the performance characteristics of different
platforms and assays to detect circulating biomarkers for
CRC and advanced adenomas in average-risk individuals.
PREEMPT CRC is a prospective, multicenter study eval-
uating the performance of Freenome’s novel blood test
and comparing it with mSEPT9.’ Preliminary data from
this trial show high sensitivity and specificity of the novel
blood test for detecting early-stage CRC using a combi-
nation of tumor- and immune-derived markers. Similarly,
the ongoing BLUE-C trial by Exact Sciences is evaluating
a blood-based CRC screening test,” and Guardant Health
is sponsoring the ECLIPSE study®' to establish the perfor-
mance characteristics of its liquid biopsy test.

Another novel CRC screening approach involves
using volatile organic compound (VOC) detection as
noninvasive target biomarkers for CRC screening. VOCs
are the final product of cell metabolism and are excreted in
feces, urine, and saliva; exhaled in the breath; and secreted
into the blood. The presence of colonic neoplasia has been
associated with changes in the microbiome and cellular
metabolism, which can alter VOC production. Increasing
knowledge surrounding the detection and classification
of VOCs may be useful in screening modalities in the
future.”” More studies of these emerging technologies as
CRC screening tests in diverse populations are needed to
ensure the reliability and reproducibility of their promis-
ing preliminary data.

Finally, advances in computer science techniques
such as artificial intelligence (Al), modeling, and clinical
decision support are propelling encouraging research with
CRC screening implications. Al has already significantly
impacted multiple medical fields, and Al-augmented radi-
ography, endoscopy, and capsule endoscopy have all been
shown to improve gastrointestinal neoplasia detection.
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Al-assisted colonoscopy is now commercially available
and is intended to enhance CRC screening by aiding in
the detection and possibly the characterization of col-
orectal neoplasia.’® Al is also being explored in the realm
of noninvasive testing such as triaging patients based on
demographics and laboratory values to determine their
risk of CRC development.” As researchers strive to opti-
mize the reach and performance of CRC screening tests,
factors such as test generalizability, patient compliance,
testing intervals, and cost-effectiveness of new modal-
ities will require additional study, and personalized and
patient-centered care will likely be further emphasized as
CRC screening options increase.

Conclusion

The incidence and mortality associated with CRC
has decreased over the past 4 decades, owing largely to
increased CRC screening implementation. Improvements
in testing options and improved and mandated financial
coverage for CRC screening have also played a major role
in these outcomes. In addition, rates of CRC are increas-
ing in younger populations, and this observation has led
to new guideline recommendations to initiate screening
at 45 years of age. This recommendation will undoubt-
edly increase demand for CRC screening that may exceed
readily available resources for definitive colorectal neopla-
sia detection and management. Currently available and
recommended screening tests have been well studied, but
additional advances of highly accurate, noninvasive, and
acceptable CRC screening tests are needed to improve
detection and prevention of this disease. Further, con-
tinued efforts to raise awareness and decrease barriers to
screening by clinicians and policymakers remain critically
important.

Disclosures

Dr Cash has served as a consultant to and received research
support from Medtronic. The other authors have no relevant
conflicts of interest to disclose.

References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA Cancer
J Clin. 2021;71(1):7-33.

2. Mariotto AB, Yabroff KR, Shao Y, Feuer EJ, Brown ML. Projections of
the cost of cancer care in the United States: 2010-2020. J Natl Cancer Inst.
20113103(2):117-128.

3. Wolf AMD, Fontham ETH, Church TR, et al. Colorectal cancer screening for
average-risk adults: 2018 guideline update from the American Cancer Society. CA
Cancer ] Clin. 2018;68(4):250-281.

4. Davidson KW, Barry MJ, Mangione CM, et al; US Preventive Services Task
Force. Screening for colorectal cancer: US Preventive Services Task Force recom-
mendation statement. JAMA. 2021;325(19):1965-1977.

5. Rex DK, Boland CR, Dominitz JA, et al. Colorectal cancer screening: recom-
mendations for physicians and patients from the U.S. Multi-Society Task Force on
Colorectal Cancer. Am J Gastroenterol. 2017;112(7):1016-1030.

6. Patel SG, May FP, Anderson JC, et al. Updates on age to start and stop colorectal
cancer screening: recommendations from the U.S. Multi-Society Task Force on
colorectal cancer. Gastroenterology. 2022;162(1):285-299.

7. Lansdorp-Vogelaar I, Knudsen AB, Brenner H. Cost-effectiveness of colorectal
cancer screening. Epidemiol Rev. 2011;33(1):88-100.

8. Patel SS, Kilgore ML. Cost effectiveness of colorectal cancer screening strate-
gies. Cancer Contr. 2015;22(2):248-258.

9. Mandel JS, Bond JH, Church TR, et al. Reducing mortality from colorectal
cancer by screening for fecal occult blood. Minnesota Colon Cancer Control
Study. N Engl ] Med. 1993;328(19):1365-1371.

10. Lindholm E, Brevinge H, Haglind E. Survival benefit in a randomized
clinical trial of faecal occult blood screening for colorectal cancer. Br J Surg.
2008:95(8):1029-1036.

11. Faivre J, Dancourt V, Lejeune C, et al. Reduction in colorectal cancer mortal-
ity by fecal occult blood screening in a French controlled study. Gastroenterology.
2004;126(7):1674-1680.

12. Scholefield JH, Moss SM, Mangham CM, Whynes DK, Hardcastle JD.
Nottingham trial of faecal occult blood testing for colorectal cancer: a 20-year
follow-up. Gut. 2012;61(7):1036-1040.

13. Kronborg O, Jorgensen OD, Fenger C, Rasmussen M. Randomized study
of biennial screening with a faecal occult blood test: results after nine screening
rounds. Scand ] Gastroenterol. 2004;39(9):846-851.

14. Chiu HM, Chen SL, Yen AM, et al. Effectiveness of fecal immunochemical
testing in reducing colorectal cancer mortality from the One Million Taiwanese
Screening Program. Cancer. 2015;121(18):3221-3229.

15. Crotta S, Segnan N, Paganin S, Dagnes B, Rosset R, Senore C. High rate of
advanced adenoma detection in 4 rounds of colorectal cancer screening with the
fecal immunochemical test. Clin Gastroenterol Hepatol. 2012;10(6):633-638.

16. Denters MJ, Deutekom M, Bossuyt PM, Stroobants AK, Fockens D, Dekker
E. Lower risk of advanced neoplasia among patients with a previous negative result
from a fecal test for colorectal cancer. Gastroenterology. 2012;142(3):497-504.

17. Kapidzic A, Grobbee EJ, Hol L, et al. Attendance and yield over three rounds
of population-based fecal immunochemical test screening. Am ] Gastroenterol.
2014;109(8):1257-1264.

18. McNamara D, Leen R, Seng-Lee C, et al. Sustained participation, colonos-
copy uptake and adenoma detection rates over two rounds of the Tallaght-Trinity
College colorectal cancer screening programme with the faecal immunological
test. Eur | Gastroenterol Hepatol. 2014;26(12):1415-1421.

19. Parente E, Boemo C, Ardizzoia A, et al. Outcomes and cost evaluation of the
first two rounds of a colorectal cancer screening program based on immunochemi-
cal fecal occult blood test in northern Italy. Endoscopy. 2013;45(1):27-34.

20. Stegeman I, van Doorn SC, Mundt MW, et al. Participation, yield, and
interval carcinomas in three rounds of biennial FIT-based colorectal cancer screen-
ing. Cancer Epidemiol. 2015;39(3):388-393.

21. van Roon AH, Goede SL, van Ballegooijen M, et al. Random comparison of
repeated faecal immunochemical testing at different intervals for population-based
colorectal cancer screening. Guz. 2013;62(3):409-415.

22. Jensen CD, Corley DA, Quinn VP, et al. Fecal immunochemical test program
performance over 4 rounds of annual screening: a retrospective cohort study. Ann
Intern Med. 2016;164(7):456-463.

23. Imperiale TE, Gruber RN, Stump TE, Emmett TW, Monahan PO. Perfor-
mance characteristics of fecal immunochemical tests for colorectal cancer and
advanced adenomatous polyps: a systematic review and meta-analysis. Ann Intern
Med. 2019;170(5):319-329.

24. Smith A, Young GP, Cole SR, Bampton P. Comparison of a brush-sampling
fecal immunochemical test for hemoglobin with a sensitive guaiac-based fecal
occult blood test in detection of colorectal neoplasia. Cancer. 2006;107(9):2152-
2159.

25. Park DI, Ryu S, Kim YH, et al. Comparison of guaiac-based and quantitative
immunochemical fecal occult blood testing in a population at average risk under-
going colorectal cancer screening. Am J Gastroenterol. 2010;105(9):2017-2025.
26. Hol L, van Leerdam ME, van Ballegooijen M, et al. Screening for colorectal
cancer: randomised trial comparing guaiac-based and immunochemical faecal
occult blood testing and flexible sigmoidoscopy. Guz. 2010;59(1):62-68.

27. van Rossum LG, van Rijn AE, Laheij R], et al. Random comparison of guaiac
and immunochemical fecal occult blood tests for colorectal cancer in a screening
population. Gastroenterology. 2008;135(1):82-90.

28. Zauber AG, Lansdorp-Vogelaar I, Knudsen AB, Wilschut J, van Ballegooijen
M, Kuntz KM. Evaluating test strategies for colorectal cancer screening: a
decision analysis for the U.S. Preventive Services Task Force. Ann Intern Med.

2008;149(9):659-669.

652 Gastroenterology & Hepatology Volume 18, Issue 11 November 2022



THE PRESENT AND FUTURE OF COLORECTAL CANCER SCREENING

29. Robertson DJ, Lee JK, Boland CR, et al. Recommendations on fecal immu-
nochemical testing to screen for colorectal neoplasia: a consensus statement
by the US Multi-Society Task Force on Colorectal Cancer. Gastroenterology.
2017;152(5):1217-1237.€3.

30. Imperiale TE, Ransohoff DE Itzkowitz SH, et al. Multitarget stool DNA
testing for colorectal-cancer screening. N Engl | Med. 2014;370(14):1287-1297.
31. Bosch LJW, Melotte V, Mongera S, et al. Multitarget stool DNA test perfor-
mance in an average-risk colorectal cancer screening population. Am | Gastroen-
terol. 2019;114(12):1909-1918.

32. Cooper GS, Markowitz SD, Chen Z, et al. Performance of multitarget stool
DNA testing in African American patients. Cancer. 2018;124(19):3876-3880.
33. Redwood DG, Asay ED, Blake ID, et al. Stool DNA testing for screening
detection of colorectal neoplasia in Alaska Native people. Mayo Clin Proc.
2016;91(1):61-70.

34. Pickhardt PJ, Choi JR, Hwang I, et al. Computed tomographic virtual colo-
noscopy to screen for colorectal neoplasia in asymptomatic adults. IV Engl | Med.
2003;349(23):2191-2200.

35. Cash BD, Rockey DC, Brill JV. AGA standards for gastroenterologists for per-
forming and interpreting diagnostic computed tomography colonography: 2011
update. Gastroenterology. 2011;141(6):2240-2266.

36. Hong SN, Kang SH, Jang HJ, Wallace MB. Recent advance in colon capsule
endoscopy: what's new? Clin Endosc. 2018;51(4):334-343.

37. Cash BD, Fleisher MR, Fern S, et al. Multicentre, prospective, randomised
study comparing the diagnostic yield of colon capsule endoscopy versus CT colo-
nography in a screening population (the TOPAZ study). Gur. 2021;70(11):2115-
2122,

38. Shaukat A, Kahi CJ, Burke CA, Rabeneck L, Sauer BG, Rex DK. ACG clinical
guidelines: colorectal cancer screening 2021. Am J Gastroenterol. 2021;116(3):458-
479.

39. Atkin WS, Edwards R, Kralj-Hans I, et al; UK Flexible Sigmoidoscopy
Trial Investigators. Once-only flexible sigmoidoscopy screening in preven-
tion of colorectal cancer: a multicentre randomised controlled trial. Lancet.
2010;375(9726):1624-1633.

40. Holme @, Loberg M, Kalager M, et al. Effect of flexible sigmoidoscopy
screening on colorectal cancer incidence and mortality: a randomized clinical trial.
JAMA. 2014;312(6):606-615.

41. Schoen RE, Pinsky PE, Weissfeld JL, et al; PLCO Project Team. Colorec-
tal-cancer incidence and mortality with screening flexible sigmoidoscopy. N Engl ]

Med. 2012;366(25):2345-2357.

42. Segnan N, Armaroli P, Bonelli L, et al; SCORE Working Group. Once-only
sigmoidoscopy in colorectal cancer screening: follow-up findings of the Italian
Randomized Controlled Trial—SCORE. ] Natl Cancer Inst. 2011;103(17):1310-
1322.

43. Lieberman D, Sullivan BA, Hauser ER, et al. Baseline colonoscopy findings
associated with 10-year outcomes in a screening cohort undergoing colonoscopy
surveillance. Gastroenterology. 2020;158(4):862-874.¢8.

44. Schoenfeld P, Cash B, Flood A, et al; CONCeRN Study Investigators. Colo-
noscopic screening of average-risk women for colorectal neoplasia. N Engl ] Med.
2005;352(20):2061-2068.

45. Lee JK, Jensen CD, Levin TR, et al. Long-term risk of colorectal cancer
and related deaths after a colonoscopy with normal findings. JAMA Intern Med.
2019;179(2):153-160.

46. Nishihara R, Wu K, Lochhead P, et al. Long-term colorectal-cancer incidence
and mortality after lower endoscopy. N Engl ] Med. 2013;369(12):1095-1105.
47. Sun J, Fei F, Zhang M, et al. The role of "SEPTY in screening, diagnosis, and
recurrence monitoring of colorectal cancer. BMC Cancer. 2019;19(1):450.

48. Hite NH, Margolin DA. Advances in colonoscopy and screening for colon
cancer. Semin Colon Rectal Surg. 2016;27(4):181-186.

49. Putchaet G, Liu T-Y, Ariazi E, et al. Blood-based detection of early-stage col-
orectal cancer using multiomics and machine learning. J Clin Oncol. 2020;38(suppl
4):66.

50. ClinicalTrials.gov. Clinical validation of an optimized multi-target stool DNA
(mt-sDNA 2.0) test, for colorectal cancer screening “BLUE-C.” https://clinical-
trials.gov/ct2/show/NCT04144738. Identifier: NCT04144738. Accessed August
17, 2022.

51. ClinicalTrials.gov. Evaluation of the ctDNA LUNAR test in an average patient
screening episode (ECLIPSE). https://clinicaltrials.gov/ct2/show/NCT04136002.
Identifier: NCT04136002. Accessed August 17, 2022.

52. Zhou W, Tao J, Li J, Tao S. Volatile organic compounds analysis as a potential
novel screening tool for colorectal cancer: a systematic review and meta-analy-
sis. Medicine (Baltimore). 2020;99(27):¢20937.

53. Goyal H, Mann R, Gandhi Z, et al. Scope of artificial intelligence in screening
and diagnosis of colorectal cancer. J Clin Med. 2020;9(10):3313.

54. Mitsala A, Tsalikidis C, Pitiakoudis M, Simopoulos C, Tsaroucha AK. Arti-
ficial intelligence in colorectal cancer screening, diagnosis, and treatment. A new

era. Curr Oncol. 2021;28(3):1581-1607.

Gastroenterology & Hepatology Volume 18, Issue 11 November 2022 653



