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IMPORTANCE Colorectal cancer (CRC) remains a significant cause of morbidity and mortality
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in the US.
OBJECTIVE To systematically review the effectiveness, test accuracy, and harms of screening

for CRC to inform the US Preventive Services Task Force.
DATA SOURCES MEDLINE, PubMed, and the Cochrane Central Register of Controlled Trials for
relevant studies published from January 1, 2015, to December 4, 2019; surveillance through
March 26, 2021.
STUDY SELECTION English-language studies conducted in asymptomatic populations at
general risk of CRC.
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DATA EXTRACTION AND SYNTHESIS Two reviewers independently appraised the articles and
extracted relevant study data from fair- or good-quality studies. Random-effects
meta-analyses were conducted.
MAIN OUTCOMES AND MEASURES Colorectal cancer incidence and mortality, test accuracy in
detecting cancers or adenomas, and serious adverse events.
RESULTS The review included 33 studies (n = 10 776 276) on the effectiveness of screening,
59 (n = 3 491 045) on the test performance of screening tests, and 131 (n = 26 987 366) on
the harms of screening. In randomized clinical trials (4 trials, n = 458 002), intention to
screen with 1- or 2-time flexible sigmoidoscopy vs no screening was associated with a
decrease in CRC-specific mortality (incidence rate ratio, 0.74 [95% CI, 0.68-0.80]). Annual or
biennial guaiac fecal occult blood test (gFOBT) vs no screening (5 trials, n = 419 966) was
associated with a reduction of CRC-specific mortality after 2 to 9 rounds of screening (relative
risk at 19.5 years, 0.91 [95% CI, 0.84-0.98]; relative risk at 30 years, 0.78 [95% CI,
0.65-0.93]). In observational studies, receipt of screening colonoscopy (2 studies,
n = 436 927) or fecal immunochemical test (FIT) (1 study, n = 5.4 million) vs no screening was
associated with lower risk of CRC incidence or mortality. Nine studies (n = 6497) evaluated
the test accuracy of screening computed tomography (CT) colonography, 4 of which also
reported the test accuracy of colonoscopy; pooled sensitivity to detect adenomas 6 mm or
larger was similar between CT colonography with bowel prep (0.86) and colonoscopy (0.89).
In pooled values, commonly evaluated FITs (14 studies, n = 45 403) (sensitivity, 0.74;
specificity, 0.94) and stool DNA with FIT (4 studies, n = 12 424) (sensitivity, 0.93; specificity,
0.85) performed better than high-sensitivity gFOBT (2 studies, n = 3503) (sensitivity,
0.50-0.75; specificity, 0.96-0.98) to detect cancers. Serious harms of screening colonoscopy
included perforations (3.1/10 000 procedures) and major bleeding (14.6/10 000 procedures).
CT colonography may have harms resulting from low-dose ionizing radiation. It is unclear if
detection of extracolonic findings on CT colonography is a net benefit or harm.
CONCLUSIONS AND RELEVANCE There are several options to screen for colorectal cancer, each

with a different level of evidence demonstrating its ability to reduce cancer mortality, its
ability to detect cancer or precursor lesions, and its risk of harms.
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USPSTF Review: Screening for Colorectal Cancer

A

lthough the incidence of colorectal cancer (CRC) has declined over time, it remains a significant cause of morbidity and mortality in the US. Among all cancers, it is third in
incidence and cause of cancer death for both men and women.1 In
addition, cohort trends indicate that CRC incidence is decreasing only
for persons 55 years or older.2 From the mid-1990s until 2013 the
incidence of CRC had increased annually by 0.5% to 1.3% in adults
aged 40 to 54 years.2
In 2016, the US Preventive Services Task Force (USPSTF) recommended screening for CRC starting at age 50 years and continuing until age 75 years (A recommendation). The task force recommended
that the decision to screen for CRC in adults aged 76 to 85 years should
be based on the individual, accounting for the patient’s overall health
andpriorscreeninghistory(Crecommendation).3 Tocompletescreening, this recommendation offered a number of stool-based and direct visualization tests.
This systematic review was conducted to update the previous
review4,5 on the effectiveness, test accuracy, and harms of CRC
screening as well as to inform a separate modeling report,6,7 which
together were used by the USPSTF in the process of updating its CRC
screening recommendation.

Methods

US Preventive Services Task Force Clinical Review & Education

flexible sigmoidoscopy, computed tomography [CT] colonography)
or currently available stool-based (ie, guaiac fecal occult blood test
[gFOBT], fecal immunochemical test [FIT], stool DNA with a FIT
[sDNA-FIT]), or serum-based (ie, methylated SEPT9 gene) tests
were included.
For KQ1, randomized clinical trials (RCTs) or nonrandomized controlled intervention studies of CRC screening vs no screening or trials
comparing screening tests were included. Included studies needed
to report outcomes of CRC incidence, CRC-specific mortality, or allcause mortality. For tests without trial-level evidence, wellconducted prospective cohort studies were included.
For KQ2, test accuracy studies that used colonoscopy as the reference standard were included. Well-conducted test accuracy studies that used robust registry follow-up for screen-negative participants were also included. Studies whose design was subject to a high
risk of bias were excluded, including those studies subject to verification bias, spectrum bias, or both.12-16
For KQ3, all trials and observational studies that reported serious adverse events requiring unexpected or unwanted medical attention or resulting in death were included. These events included,
but were not limited to, perforation, major bleeding, severe abdominal symptoms, and cardiovascular events. Studies designed to assess for extracolonic findings (ie, incidental findings on CT colonography) and the resultant diagnostic yield and harms of workup were
also included.

Scope of Review
This review addressed 3 key questions (KQs), which are listed in
Figure 1. No major changes were made to the scope of the previous
review for the conduct of the current review except for the addition of 2 screening modalities (ie, capsule endoscopy, urine testing), which are not discussed in this article. The full report9 provides additional details on the methods, results, and contextual
issues addressed.

Data Sources and Searches
Ovid MEDLINE, PubMed (publisher-supplied records only), and the
Cochrane Central Register of Controlled Trials were searched to
locate primary studies informing the key questions (eMethods in
the Supplement). Searches included literature published between
January 1, 2015, and December 4, 2019. The searches were supplemented with expert suggestions and by reviewing reference lists
from other relevant systematic reviews, including the 2016 USPSTF
evidence report.4 Ongoing surveillance was conducted through
March 26, 2021, through article alerts and targeted searches of
high-impact journals to identify major studies published in the
interim that may affect the conclusions or understanding of the evidence. Two new studies were identified10,11; however, they did not
substantively change the review’s interpretation of findings or conclusions and are not discussed further.

Study Selection
Two independent reviewers screened the titles, abstracts, and relevant full-text articles to ensure consistency with a priori inclusion
and exclusion criteria (eTable 1 in the Supplement). Included studies were English-language studies of asymptomatic screening
populations of individuals 40 years or older who were either at
average risk for CRC or not selected for inclusion based on CRC risk
factors. Studies that evaluated direct visualization (ie, colonoscopy,
jama.com

Data Extraction and Quality Assessment
Two reviewers critically appraised all articles that met inclusion criteria using prespecified quality criteria (eTable 2 in the
Supplement). 8 Disagreements about critical appraisal were
resolved by consensus. Poor-quality studies (ie, those with methodological shortcomings resulting in a high risk of bias) were
excluded. One reviewer extracted descriptive information and
outcome data into standardized evidence tables and a second
reviewer checked the data for accuracy.

Data Synthesis and Analysis
The results were synthesized by KQ, type of screening test, and study
design. For KQ1, the syntheses were organized into 3 main categories: (1) trials designed to assess the effectiveness (intention to
screen) of screening tests compared with no screening; (2) observational studies designed to assess the association of receipt of a
screening test compared with no screening; and (3) comparative
trials of one screening test vs another screening test. Many of the
trials comparing screening tests that met inclusion criteria, however, were designed to determine the differential uptake of tests,
determine the comparative yield between tests, or both. As such,
they were not powered to detect differences in CRC outcomes or
mortality (ie, comparative effectiveness) and are not discussed in
this article. When data were available, random-effects metaanalyses were conducted using the restricted maximum likelihood
method to estimate the pooled incidence rate ratio (IRR).
For KQ2, the analyses primarily focused on per-person test accuracy of a single test application to detect CRC, advanced adenomas, advanced neoplasia, and adenomas by size (ⱖ6 mm or ⱖ10
mm). When possible, data from contingency tables was analyzed
using a bivariate model, which modeled sensitivity and specificity
simultaneously. Although studies evaluating stool-based tests using
(Reprinted) JAMA May 18, 2021 Volume 325, Number 19
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Urine-based testb
Metabolomic test

Serum-based test
mSEPT9a
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gFOBT
sDNA test (with or without FIT)

Direct visualization tests
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or without stool test)
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Colorectal cancer

Screening technology with conditional approval from the US Food and Drug Administration for screening for
colorectal cancer.
Screening modality not discussed in this article.
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What are the serious harms of the different screening tests?
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All-cause mortality

a

What is the accuracy of direct visualization, stool-based, or serum-based screening tests for
detecting colorectal cancer, advanced adenomas, or adenomatous polyps based on size?
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What is the effectiveness or comparative effectiveness of screening in reducing colorectal
cancer, mortality, or both?

Colonoscopy

1

1

Key questions

Abnormal
screening results

Evidence reviews for the US Preventive Services Task Force (USPSTF) use an analytic framework to visually display the
key questions that the review will address to allow the USPSTF to evaluate the effectiveness and safety of a preventive
service. The questions are depicted by linkages that relate interventions and outcomes. Additional Information
available in the USPSTF Procedure Manual.8 FIT indicates fecal immunochemical test; gFOBT, guaiac-based fecal occult
blood test; mSEPT9, methylated septin 9 gene; sDNA test, stool DNA test; SSP, sessile serrated polyp.

Adults aged
≥40 y at
average risk

Figure 1. Analytic Framework: Screening for Colorectal Cancer
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Figure 2. Literature Search Flow Diagram: Screening for Colorectal Cancer
11 095 Citations identified through literature
database searches

175 Citations identified from previous
systematic reviews

36 Citations identified through other sources
(eg, reference lists, peer reviewers)

11 306 Citations screened after duplicates removed

10 804 Citations excluded at title and abstract stage

502 Full-text articles assessed for eligibilitya

153 Articles reviewed for KQ1

213 Articles reviewed for KQ2

198 Articles reviewed for KQ3

87 Articles excluded for KQ1b
10 Relevance
55 Design
2 Setting
3 Population
6 Outcomes
0 Screening test
4 Poor quality
7 Abstract only

135 Articles excluded for KQ2b
15 Relevance
32 Design
10 Setting
50 Population
11 Outcomes
12 Screening test
2 Poor quality
3 Abstract only

36 Articles excluded for KQ3b
4 Relevance
6 Design
1 Setting
13 Population
8 Outcomes
0 Screening test
3 Poor quality
1 Abstract only

66 Articles (33 studies) included for KQ1

78 Articles (59 studies) included for KQ2

162 Articles (131 studies) included for KQ3

KQ indicates key question.
a

Articles could be reviewed for more than 1 KQ.

b

Reasons for exclusion: Relevance: Study aim not relevant. Design: Study did
not use an included design. Setting: Study not conducted in a country relevant
to US practice or not conducted in, recruited from, or feasible for primary care

a colonoscopy reference standard for all persons and studies using
a registry follow-up for screen-negative persons were included, only
results from the former study design are detailed in this article. For
the FITs, random-effects meta-analyses were conducted by test
“family” (ie, tests produced by the same manufacturer, using the
same components and method and compatible automated analyzers) and by cutoff values (in μg Hb/g feces).
For KQ3, there were no hypothesized serious harms for stool-,
blood-, or serum-based tests beyond test inaccuracy and harms
accrued from subsequent colonoscopy. Harms for direct visualization tests were categorized by indication (ie, screening vs follow-up
for an abnormal flexible sigmoidoscopy or stool test). For colonoscopy and flexible sigmoidoscopy, random-effects meta-analyses
using the DerSimonian and Laird method were conducted to estimate rates of perforation and major bleeding.
All quantitative analyses were conducted in Stata version 16
(StataCorp). The presence of statistical heterogeneity was assessed among pooled studies using the I2 statistic. All tests were
2-sided, with P <.05 indicating statistical significance.
The aggregate strength of evidence (ie, high, moderate, or low)
was subsequently assessed for each KQ using the approach described in the Methods Guide for the Effectiveness and Comparative Effectiveness Reviews,17 based on consistency, precision, reporting bias, and study quality.
jama.com

or a health system. Population: Study not conducted in an included
population. Outcomes: Study did not have relevant outcomes or had
incomplete outcomes. Screening test: Screening test was out of scope.
Quality: Study was poor quality. Abstract only: Full-text publication not
available.

Results
Investigators reviewed 11 306 unique citations and 502 full-text articles for all KQs (Figure 2). Overall, 196 studies reported in 255 publications were included, 70 of which were newly identified since the
prior review. A full list of included studies by KQ is available in the
Supplement.

Benefits of Screening
Key Question 1. What is the effectiveness or comparative effectiveness of screening in reducing colorectal cancer, mortality, or both?
Thirty-three unique fair- to good-quality studies
(n = 10 776 276)18-50 (published in 66 articles18-83) were included
to assess the effectiveness or comparative effectiveness of screening tests on CRC incidence and mortality. These included 2 prospective cohort studies37,47 (n = 436 927) that examined the effectiveness of screening colonoscopy, 4 RCTs19,24,29,35 (n = 458 002) that
examined the effectiveness of flexible sigmoidoscopy with or without a FIT, 6 trials20,21,27,36,38,39 (n = 525 966) that examined the effectiveness of a gFOBT, and 1 prospective cohort study 46
(n = 5 417 699) that examined the effectiveness of a FIT. In addition to 1 screening RCT19 (n = 98 678) that evaluated flexible sigmoidoscopy plus FIT vs flexible sigmoidoscopy alone, 20
(Reprinted) JAMA May 18, 2021 Volume 325, Number 19
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Table 1. Key Question 1: Overall Summary of Impact of Screening vs No Screening on Colorectal Cancer Incidence and Mortality
Screening test
(sample No.)

No. of studies
(participants)

Rounds
(intervals)

Follow-up, y

CRC incidence

CRC mortality

Colonoscopy37,47

2 cohort studiesa
(n = 436 927)

1

8-24b

With polypectomy:
HR, 0.53 (95% CI, 0.40 to 0.71)c
Negative colonoscopy result:
HR, 0.47 (95% CI, 0.39 to 0.57)c
Age 70-74 y:
RD, −0.42% (95% CI, −0.24% to
−0.63%)d
Age 75-79 y:
RD, −0.14% (95% CI, −0.41% to
−0.16%)d

HR, 0.32 (95% CI, 0.24 to 0.45)c

Flexible
sigmoidoscopy19,24,29,35

4 RCTsa
(n = 458 002)

1-2 (every 3-5 y)

11-17

IRR, 0.78 (95% CI, 0.74 to 0.83)

IRR, 0.74 (95% CI, 0.68 to 0.80)

Hemoccult II20,21,27,36,39

5 RCTse
(n = 419 966)

2-9 (every 2 y)

11-30

RR range, 0.90 (95% CI, 0.77 to 1.04)
to 1.02 (95% CI, 0.93 to 1.12)

RR range, 0.78 (95% CI, 0.65 to 0.93)
to 0.91 (95% CI, 0.84 to 0.98)f

Every 2 y

6 (mean, 3)

NR

RR, 0.90 (95% CI, 0.84 to 0.95)

46

FIT

a

1 cohort study
(n = 5.4 million)

Abbreviations: CRC, colorectal cancer; FIT, fecal immunochemical test;
HR, hazard ratio; IRR, incidence rate ratio; NR, not reported; RCT, randomized
clinical trial; RD, risk difference; RR, relative risk.

d

Standardized 8-year risk.

a

Includes newly identified studies or newly identified articles with additional
follow-up to a previously included study.

e

One RCT in Finland that only has interim follow-up is not represented in this
table (n = 360 492).

b

Twenty-two–year follow-up for incidence; 24-year follow-up for mortality.

f

c

Adjusted for age, body mass index, family history, smoking status, physical

Annual RR from 1 trial only, 0.68 (95% CI, 0.56-0.82); 11 rounds every 1 year,
30-year follow-up.

studies18,22,23,25,26,28,30-34,40-45,48-50 (n = 471 860) that compared screening modalities were included. The magnitude of benefit in CRC mortality and cancer incidence among screening tests
could not be directly compared because of major differences in the
design of included studies for each test type (eg, trial vs observational study, intention to screen vs as screened, outcome metric reported). No studies were found evaluating the effectiveness of CT
colonography, high-sensitivity gFOBT, sDNA with or without FIT, or
serum tests on CRC incidence, CRC mortality, or both.
Colonoscopy

Two large, prospective observational studies37,47 (n = 436 927)
evaluating the association of receipt of screening colonoscopy with
CRC incidence or mortality were included (Table 1). After 24 years
of follow-up, 1 study among health professionals (n = 88 902) found
that the CRC-specific mortality rate was lower in people who selfreported at least 1 screening colonoscopy compared with those who
had never had a screening colonoscopy (adjusted hazard ratio, 0.32
[95% CI, 0.24-0.45]).37 This study found that screening colonoscopies were associated with lower CRC mortality from both distal and
proximal cancers. Another study conducted among Medicare beneficiaries (n = 348 025) with much shorter follow-up found that
people aged 70 to 74 years who underwent a screening colonoscopy had a lower 8-year standardized risk for CRC (−0.42% [95%
CI, −0.24% to −0.63%]) than those who did not undergo the test.47
Flexible Sigmoidoscopy

Four well-conducted trials19,24,29,35 (n = 458 002) of 1- or 2-time flexible sigmoidoscopy screening that demonstrated a reduction in CRC
incidence and mortality were included (Table 1). All 4 trials were included in the previous review. While 3 of these trials have published longer follow-up since the previous review,19,24,29 the new data
did not change the conclusions on screening effectiveness. Based
on 4 RCTs that used intention-to-screen analyses, 1- or 2-time flexible sigmoidoscopy was consistently associated with a decrease in
1982

activity, diet, vitamin use, aspirin use, nonsteroidal anti-inflammatory drug
use, cholesterol-lowering drug use, hormone replacement therapy.

CRC incidence (IRR, 0.78 [95% CI, 0.74-0.83], with 28 to 47 fewer
CRC cases per 100 000 person-years) and CRC-specific mortality
(IRR, 0.74 [95% CI, 0.68-0.80], with 10 to 17 fewer CRC deaths per
100 000 person-years) when compared with no screening at 11 to
17 years of follow-up (eFigure 1 in the Supplement).
Guaiac Fecal Occult Blood Test

Six well-conducted trials20,21,27,36,38,39 (n = 780 458) of biennial
or annual gFOBT screening that demonstrated a reduction in CRC
incidence and mortality were included (Table 1). Based on 5
RCTs20,21,27,36,39 (n = 419 966) that used intention-to-screen analyses, biennial screening with Hemoccult II (Beckman Coulter) was
associated with a reduction of CRC-specific mortality compared
with no screening after 2 to 9 rounds of screening at 11 to 30 years
of follow-up (relative risk [RR], 0.91 [95% CI, 0.84-0.98] at 19.5
years; RR, 0.78 [95% CI, 0.65-0.93] at 30 years) (eTable 3 in the
Supplement). One additional trial38 of screening with Hemoccult II
in Finland (n = 360 492) reported only interim findings, with
a follow-up of 4.5 years.
Fecal Immunochemical Test

Although many observational studies have evaluated national FIT
screening programs, only 1 prospective observational study46
(n = 5 417 699) that evaluated receipt of FIT on CRC incidence, CRC
mortality, or both met the inclusion criteria (Table 1). This study found
that 1 to 3 rounds of screening with a biennial FIT (OC-Sensor [Eiken
Chemical] or HM JACK [Kyowa Medex]) were associated with lower
CRC mortality at 6 years’ follow-up, compared with no screening (adjusted RR, 0.90 [95% CI, 0.84-0.95]).46

Comparative Effectiveness
In 1 flexible sigmoidoscopy screening RCT (n = 98 678), compared
with persons in the no screening group, persons in the flexible sigmoidoscopy plus FIT group had lower risk of CRC-specific mortality
than those in the flexible sigmoidoscopy–only group (age-adjusted
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Table 2. Key Question 2: Summary of Test Accuracy Results for Direct Visualization Screening Testsa
CRC

Adenomas ≥10 mm

No. of
studies

No. of
participants

Sensitivity
(95% CI)

Sensitivity
(95% CI)

Specificity
(95% CI)

Sensitivity
(95% CI)

Specificity
(95% CI)

0

NA

NA

NA

NA

NA

NA

CT colonography

7

5328

0.86-1.0 (0.21-1.0)

0.89 (0.83-0.96)

0.94 (0.89-1.0)

0.86 (0.78-0.95)

0.88 (0.83-0.95)

Colonoscopy

4

4821

0.18-1.0 (0.01-1.0)

0.89-0.95 (0.70-0.99)

0.89 (0.86-0.91)c

0.75-0.93 (0.63-0.96)

0.94 (0.92-0.96)c

Screening
test group
Flexible
sigmoidoscopy
b

Adenomas ≥6 mm

Abbreviations: CRC, colorectal cancer; CT, computed tomography; NA, not
available.

b

Test accuracy shown for CT colonography with bowel preparation only. Two
additional studies without bowel preparation are not represented in this table.

a

c

Only 1 study reported specificity.

Pooled estimates from meta-analysis when available; otherwise, range of
values and range of the 95% CI reported.

hazard ratio, 0.62 [95% CI, 0.42-0.90] vs 0.84 [95% CI, 0.61-1.17]),
although this difference was not statistically significant.19 Additional included trials were primarily designed to evaluate the comparative uptake/adherence, test positivity, and initial cancer detection of one screening test vs another. Several adequately powered
studies currently underway are evaluating the comparative effectiveness of direct visualization vs stool-based screening programs
(eTable 4 in the Supplement).

Findings by Age, Sex, and Race/Ethnicity
Overall, age stratified analyses from flexible sigmoidoscopy and
gFOBT trials did not demonstrate statistically significant differences in benefit in older vs younger adults, although age strata used
were not consistent across trials. Only 3 gFOBT studies included
adults younger than 50 years at recruitment, and none of these studies provided age-stratified analyses for this age group.27,36,39 One
study evaluating receipt of screening colonoscopy among Medicare beneficiaries did not find a benefit in 8-year standardized risk
for CRC in those aged 75 to 79 years, in contrast to the benefit seen
in those aged 70 to 74 years.47 Reductions in CRC incidence (eFigure 2 in the Supplement) and mortality (eFigure 3 in the Supplement) from flexible sigmoidoscopy trials were greater for men than
for women. This evidence, however, was less consistent in 3 trials
that reported sex differences for gFOBT screening programs.

Accuracy of Screening
Key Question 2. What is the accuracy of direct visualization, stoolbased, or serum-based screening tests for detecting colorectal cancer, advanced adenomas, or adenomatous polyps based on size?
Fifty-nine studies 84-142 (n = 3 491 045) (published in 78
articles84-161) that evaluated the accuracy of various screening tests
were included. There were no new studies published since the prior
review that would add to the understanding of screening sensitivity or specificity for colonoscopy, CT colonography, or flexible sigmoidoscopy. New studies were identified that evaluated the sensitivity and specificity of stool-based (ie, high-sensitivity gFOBT, FIT,
sDNA-FIT) and serum-based tests for screening.
Colonoscopy and CT Colonography

Nine fair- to good-quality studies102,105,110,111,114,117,121,128,138 (n = 6497)
that evaluated screening CT colonography were included, 4 of which
(n = 4821) also reported the test accuracy of colonoscopy
(Table 2).110,111,128,138 Based on these studies, while both colonoscopy and CT colonography did not accurately identify all cancers, the
jama.com

number of CRCs in these studies was low and these studies were not
powered to estimate the test accuracy for CRC.
Based on 3 studies111,128,138 (n = 2290) that compared colonoscopy to a reference standard of CT colonography–enhanced colonoscopy or repeat colonoscopy, the per-person sensitivity for adenomas 10 mm or larger ranged from 0.89 (95% CI, 0.78-0.96) to
0.95 (95% CI, 0.74-0.99). The per-person sensitivity for adenomas 6 mm or larger ranged from 0.75 (95% CI, 0.63-0.84) to 0.93
(95% CI, 0.88-0.96). Specificity could be calculated only from 1 of
the included studies and was 0.89 (95% CI, 0.86-0.91) for adenomas 10 mm or larger and 0.94 (95% CI, 0.92-0.96) for adenomas
6 mm or larger.138
Based on 7 studies105,110,111,114,117,121,128 (n = 5328) evaluating CT
colonography with bowel preparation, the sensitivity to detect
adenomas 10 mm or larger ranged from 0.67 (95% CI, 0.45-0.84)
to 0.94 (95% CI, 0.84-0.98) and specificity ranged from 0.86
(95% CI, 0.85-0.87) to 0.98 (95% CI, 0.96-0.99) (eFigure 4 in the
Supplement). Likewise, the sensitivity to detect adenomas 6 mm
or larger ranged from 0.73 (95% CI, 0.58-0.84) to 0.98 (95% CI,
0.91-0.99) and specificity ranged from 0.80 (95% CI, 0.77-0.82)
to 0.93 (95% CI, 0.90-0.96) (eFigure 5 in the Supplement).
Although there was some variation in estimates of sensitivity and
specificity among included studies, it remains unclear whether the
variation of test performance was due to differences in study
design, populations, CT colonography imaging, reader experience,
or reading of protocols.
High-Sensitivity gFOBT

Two84,133 (n = 3503) of the 5 studies that evaluated Hemoccult Sensa
(Beckman Coulter) applied a colonoscopy reference standard to all
persons (Table 3). In these 2 studies, the sensitivity to detect CRC
ranged from 0.50 to 0.75 (95% CI range, 0.09-1.0) and specificity
ranged from 0.96 to 0.98 (95% CI range, 0.95-0.99). Hemoccult
Sensa was not sensitive to detect advanced adenoma (sensitivity
range, 0.06-0.17; 95% CI range, 0.02-0.23).
Fecal Immunochemical Test

There are a wide variety of FITs available. Those most commonly
evaluated in this review were part of the OC-Sensor family (Eiken
Chemical; includes tests OC FIT-CHEK, OC-Auto, OC-Micro, OCSensor, and OC-Sensor Micro) or the OC-Light test (by the same
manufacturer but using a different methodology) (Table 3). Based
on 9 studies89,97,100,107,108,113,127,130,133 (n = 34 352) that used OCSensor tests to detect CRC with a colonoscopy reference standard
(Reprinted) JAMA May 18, 2021 Volume 325, Number 19
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Table 3. Key Question 2: Summary of Test Accuracy Results From Studies With Colonoscopy Follow-up for Stool and Serum Screening Testsa
Advanced neoplasia

Advanced adenoma

Screening
test group

No. of
studies

No. of
participants

CRC
Sensitivity
(95% CI)

Specificity
(95% CI)

Sensitivity
(95% CI)

Specificity
(95% CI)

Sensitivity
(95% CI)

Specificity
(95% CI)

High-sensitivity
gFOBT: Hemoccult Sensa

2b

3503

0.50-0.75
(0.09-1.0)

0.96-0.98
(0.95-0.99)

0.07-0.21
(0.02-0.27)

0.96-0.99
(0.96-0.99)

0.06-0.17
(0.02-0.23)

0.96-0.99
(0.96-0.99)

OC-Sensor

13b,c

44 887

0.74
(0.64-0.83)

0.94
(0.93-0.96)

0.25
(0.21-0.31)

0.96
(0.95-0.97)

0.23
(0.20-0.25)

0.96
(0.95-0.97)

OC-Light

4b

32 424

0.81
(0.70-0.91)

0.93
(0.91-0.96)

0.27
(0.16-0.38)

0.95
(0.92-0.98)

0.28
(0.19-0.37)

0.94
(0.91-0.97)

12

53 527

0.50-0.97
(0.09-1.00)

0.83-0.97
(0.82-0.97)

0.02-0.66
(0.01-0.99)

0.60-0.99
(0.58-1.0)

0.18-0.50
(0.13-0.56)

0.85-0.98
(0.84-0.98)

mtsDNA-FIT: Cologuard

4b

12 424

0.93
(0.87-1.0)

0.85
(0.84-0.86)

0.47
(0.44-0.50)

0.89
(0.87-0.92)

0.43
(0.40-0.46)

0.89
(0.86-0.92)

Serum: Epi proColon

1

6857

0.68
(0.53-0.80)

0.79
(0.77-0.81)

0.25
(0.22-0.28)

0.79
(0.76-0.82)

0.22
(0.18-0.24)

0.79
(0.76-0.82)

FIT

Other

b,c

Abbreviations: CRC, colorectal cancer; FIT, fecal immunochemical test;
gFOBT, guaiac fecal occult blood test; mtsDNA, multitargeted stool-based DNA.
a

b

Includes newly identified studies.

c

One nested case-control study104 (n = 516) is not represented in this table.

Pooled estimates and 95% CI from meta-analysis when available; otherwise,
range of values and range of the 95% CIs reported.

and the manufacturer-recommended cutoff of 20 μg Hb/g feces,
pooled sensitivity was 0.74 (95% CI, 0.64 to 0.83; I2 = 31.6%) and
pooled specificity was 0.94 (95% CI, 0.93-0.96; I2 = 96.6%) (eFigure 6 in the Supplement). As expected at lower cutoffs (10 and 15
μg Hb/g feces), the sensitivity increased and the corresponding specificities decreased. Based on 10 studies89,91,97,100,107,108,113,127,130,133
(n = 40 411) that used OC-Sensor tests to detect advanced adenoma with a colonoscopy reference standard, sensitivity using a
cutoff of 20 μg Hb/g feces was 0.23 (95% CI, 0.20-0.25; I2 = 47.4%)
and specificity was 0.96 (95% CI, 0.95-0.97; I2 = 94.8) (eFigure 7
in the Supplement). Based on 3 studies95,96,98 (n = 31 803), OCLight had similar sensitivity and specificity to detect CRC and advanced adenoma compared with OC-Sensor.

ing stratified analyses for persons younger than 50 years; however,
2 studies suggested possible lower specificity to detect CRC in older
persons (70 years or older). Six studies reported test accuracy by
sex and produced inconsistent findings. One OC-Sensor study reported no difference in test accuracy for advanced neoplasia in Black
vs White participants.99
The largest study108,162 on sDNA-FIT reported test accuracy by
age, sex, and race/ethnicity groups, although this study was not
designed to examine these differences. This study found that the
specificity to detect CRC and advanced adenoma decreases as age
increases, but there was not a clear pattern for increasing sensitivity with increasing age. Findings were inconsistent in 2 studies that
reported test accuracy for White participants compared with Black
participants.

sDNA (With or Without FIT)

The only available sDNA screening test includes a FIT assay marketed as Cologuard (Exact Sciences), which is sometimes referred
to as a multitarget stool DNA test. Based on 4 studies99,108,130,142
(n = 12 424) to detect CRC using a colonoscopy, pooled sensitivity
was 0.93 (95% CI, 0.87-1.0) and pooled specificity was 0.85 (95%
CI, 0.84-0.86); to detect advanced adenoma, pooled sensitivity was
0.43 (95% CI, 0.40-0.46) and pooled specificity was 0.89 (95% CI,
0.86-0.92) (Table 3; eFigure 8 in the Supplement).
Serum Test

Currently, one serum test—Epi proColon (Epigenomics)—is available to screen average-risk adults for CRC through detection of circulating methylated SEPT9 DNA. Based on 1 fair-quality nested casecontrol study129 (n = 6857), sensitivity to detect CRC was 0.68 (95%
CI, 0.53-0.80) and specificity was 0.79 (95% CI, 0.77-0.81) (Table 3).
The sensitivity to detect advanced adenoma was 0.22 (95% CI, 0.180.24) and specificity was 0.79 (95% CI, 0.76-0.82).

Findings by Age, Sex, and Race/Ethnicity
While FIT studies that examined differences in test accuracy by age,
sex, or race/ethnicity were limited, no consistent differences by subgroup were found. Overall, in 10 studies there were no significant
differences in test accuracy by age strata, including 2 studies report1984

Harms of Screening
Key Question 3. What are the serious harms of the different screening tests?
One hundred thirty-one fair- or good-quality
studies18-29,33-36,43,47,49,102,105,110,114,117,128,131,138,163-266 (published in
162 articles18-29,33-36,43,47,49,51-54,56-58,60,61,64,65,68,69,71-80,102,105,110,
114,117,128,131,138,143,163-273 ) were included. Among these, 18
studies 19,22,24,28,29,33-35,49,203,206,212,216,234,235,239,254,260
(n = 395 077) evaluated serious harms from screening flexible sigmoidoscopy; 67 studies26,43,47,163,164,166,168,171,172,174,179,180,182-189,191195,197-199,201,203-205,210,213,215-218,226,229,231,233,237-252,255,256,258,261-

(n = 25 784 107) evaluated screening colonoscopy; 21
studies19-21,24,26,27,29,34-36,49,169,172,173,175-177,181,225,227,236 (n = 903 872)
evaluated colonoscopy following an abnormal result from a stool test,
flexible sigmoidoscopy, or CT colonography; and 38 studies18,23,43,
266

102,105,110,114,117,128,138,165,167,170,178,189,190,196,200,202,203,207-211,214,219224,228,230,232,253,257,259 (n = 140 607) evaluated CT colonography. Of the studies evaluating CT colonography, 7
studies102,105,117,138,202,203,253 (n = 3365) provided estimates of radiation exposure and 27 studies18,23,43,110,128,138,165,167,170,178,200,207211,214,219-224,230,232,257,259 (n = 48 235) reported extracolonic findings. While no studies examined the harms of stool or serum testing,
there are not hypothesized serious harms for these noninvasive tests
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Table 4. Key Question 3: Summary of Serious Harms and Extracolonic Findings From Screening
No. of
studies

No. of
participants

Events per 10 000 procedures
(95% CI)

Serious
bleeding

10

179 854

0.50 (0.0-1.30)

Perforation

11

359 679

0.20 (0.10-0.40)

Serious
bleeding

20

5 172 508

14.6 (9.4-19.9)

Perforation

26

5 272 600

3.1 (2.3-4.0)

Serious
bleeding

11

78 793

17.5 (7.6-27.5)

Perforation

12

341 922

5.4 (3.4-7.4)

Colonoscopy following
abnormal flexible
sigmoidoscopy result

Serious
bleeding

4

5790

20.7 (8.2 to 33.2)

Perforation

4

23 022

12.0 (7.5 to 16.5)

CT colonography

Radiation
exposure

7

NA

≈1 to 5 mSv per examination

ECF

27

48 235

E4: 3.4%-26.9% of CT colonography
examinations; E3: 1.3%-11.4% of CT
colonography examinationsa

Modality

Outcome

Screening flexible
sigmoidoscopy
Screening colonoscopy

Colonoscopy following
abnormal stool test result

other than diagnostic inaccuracy (ie, false-positive or falsenegative test results) or downstream harms of follow-up tests.
Serious adverse events from colonoscopy among screening
populations were estimated at 3.1 perforations (95% CI, 2.3-4.0)
per 10 000 procedures (26 studies, n = 5 272 600) and 14.6 major
bleeding events (95% CI, 9.4-19.9) per 10 000 procedures (20
studies, n = 5 172 508) (Table 4). Serious adverse events from
screening flexible sigmoidoscopy alone were less common, with a
pooled estimate of 0.2 perforations (95% CI, 0.1-0.4) per 10 000
procedures (11 studies, n = 359 679) and 0.5 major bleeding events
(95% CI, 0-1.3) per 10 000 procedures (10 studies, n = 179 854).
However, for colonoscopies following flexible sigmoidoscopy with
abnormal findings, the pooled estimates were 12.0 perforations
(95% CI, 7.5-16.5) per 10 000 colonoscopy procedures (4 studies,
n = 23 022) and 20.7 major bleeding events (95% CI, 8.2-33.2)
per 10 000 colonoscopy procedures (4 studies, n = 5790). Serious
adverse events from colonoscopy following stool testing with an
abnormal result were estimated at 5.4 perforations (95% CI 3.4-7.4)
per 10 000 colonoscopy procedures (12 studies, n = 341 922)
and 17.5 serious bleeding events (95% CI, 7.6-27.5) per 10 000
colonoscopy procedures (11 studies, n = 78 793). Other harms
which may result from screening, such as cardiopulmonary events
or infections, are best assessed using comparative study designs.
Only 4 studies47,187,191,262 (n = 4 173 949) reported harms in a
cohort that received colonoscopy compared with a cohort that did
not. These studies did not find a higher risk of serious harms associated with colonoscopy.
Data from 17 studies (n = 89 073) showed little to no risk of serious adverse events (eg, symptomatic perforation) for screening CT
colonography. While CT colonography may also require a follow-up
colonoscopy, sufficient evidence was not found to estimate serious adverse events from colonoscopy follow-up. CT colonography
also entails exposure to low-dose ionizing radiation (range, 0.8 to
5.3 mSv), which may increase the risk of malignancy. Additionally,
extracolonic findings on CT colonography were common (eTable 5
in the Supplement) (27 studies, n = 48 234). Approximately 1.3% to
11.4% of CT colonographies had potentially important extracolonic
findings (CT Colonography Reporting and Data System [C-RADS] category E4) that necessitated diagnostic follow-up. Additionally, 3.4%
jama.com

Abbreviations: CT, computed
tomography; ECF, extracolonic
finding; NA, not available.
a

Based on CT Colonography
Reporting and Data System
categorization of ECFs, where
E3 = likely unimportant or
incompletely characterized finding
for which workup may be required
and E4 = potentially important
finding requiring follow-up.274

to 26.9% of CT colonographies had C-RADS category E3 findings,
some of which may require additional workup because of incompletely characterized findings. Although some included studies did
report the final diagnosis of extracolonic findings, it is still unclear if
the detection of extracolonic findings represents an overall benefit
(detection and treatment of clinically significant disease) or harm
(unnecessary diagnostic workup or identification of condition not
needing intervention).

Findings by Age, Sex, and Race/Ethnicity
Twenty-three studies provided analyses of differential harms of colonoscopy by age. These studies generally found increasing rates of
serious adverse events with increasing age, including perforation and
bleeding. Sex differences in serious harms, when reported in 12 studies, suggested little differential risk between men and women. There
were inconsistent findings in 4 studies that report harm stratified
by race/ethnicity.
In 4 studies, extracolonic findings on CT colonography were
more common with increasing age.110,208,209,211 Three studies reported extracolonic findings by sex, finding similar rates of extracolonic findings in both groups.207,219,221

Discussion
This systematic review assessed the effectiveness, test accuracy,
and harms of CRC screening. A summary of the identified evidence
is shown in Table 5. Since the 2016 USPSTF recommendation,
more evidence has been published on the effectiveness and
test accuracy of newer stool tests (FIT and sDNA-FIT) and the test
accuracy of a US Food and Drug Administration–approved serum
test (Epi proColon) for use in persons declining colonoscopy, flexible sigmoidoscopy, gFOBT, or FIT. More data on colonoscopy
harms have also been published that reported higher estimates
of major bleeding than previously appreciated. Overall, the different screening tests evaluated have different levels of evidence to
demonstrate their ability to reduce cancer mortality and to detect
cancer, precursor lesions, or both as well as their risk of serious
adverse events.
(Reprinted) JAMA May 18, 2021 Volume 325, Number 19
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1985

1986

Study design
(No. of observations)

4 RCTs (n = 458 002)

2 Cohort studies
(n = 436 927)

6 RCTs (n = 780 458)

1 Cohort study
(n = 5 417 699)

20 RCTs (n = 386 711)
1 Cohort study
(n = 85 149)

Flexible sigmoidoscopy

Colonoscopy

gFOBT

FIT

Comparative
effectiveness

KQ1: Benefits of screening

Instrument
or treatment

Table 5. Summary of Evidence
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Limited data suggest that 4 rounds of
FIT detects a similar number of cancers
as 1-time colonoscopy or flexible
sigmoidoscopy; FIT can detect more
cancers than Hemoccult II; 2-sample
FIT does not appear superior to
1-sample FIT; and no statistically
significant differences in cancer
detection after 1-2 rounds of testing
between FITs, despite differences in
test positivity

Trials comparing different screening
tests do not provide evidence of
comparative benefit on CRC incidence
or mortality outcomesa

One to 3 rounds of biennial FIT were
associated with lower CRC mortality
compared with no screening at up to
6 y follow-up (adjusted RR, 0.90 [95%
CI, 0.84-0.95])

Biennial screening with Hemoccult II
decreased CRC-specific mortality
compared with no screening
after 2-9 rounds of screening at
11-30 y of follow-up (RR range,
0.91 [95% CI, 0.84-0.98] at
19.5 y to 0.78 [95% CI, 0.65-0.93]
at 30 y)
One trial in Finland (n = 360 492)
reported only interim findings, with
a follow-up of 4.5 y

One study found CRC mortality was
lower in people with at least 1
screening colonoscopy vs those
who never had a screening
colonoscopy after 24-y follow-up
(adjusted HR, 0.32 [95% CI,
0.24-0.45])
Another study in people aged 70-74 y
found CRC incidence was lower in
people who had a screening
colonoscopy vs those who did not after
8 y (standardized risk, 0.42% [95% CI,
0.24%-0.63%])

One- or 2-time flexible sigmoidoscopy
decreased CRC mortality compared
with no screening at 11-17–y
follow-up (IRR, 0.74 [95% CI,
0.68-0.80])

Summary of findings

Variation in number of screening
rounds, use of rehydrated samples,
definition of test positive, and
recommended follow-up

Limited follow-up (mean, 3 y)

Consistent, precise

NA

Few trials powered to detect effect of
screening on mortality; limited to a
single round of screening
Overall low number of cancers
detected, and few interval cancers
reported

Variation in underlying risk for CRC,
length of follow-up, and outcomes
reported (only 1 study reported CRC
mortality)

Consistent, imprecise

Inconsistent, imprecise

Only PLCO evaluated more than 1
round of screening
Variation in referral criteria led to
differing rates of follow-up
colonoscopy

Other limitations

Consistent, precise

Consistency
and precision

Insufficient

(continued)

No studies evaluating comparative
effectiveness of capsule endoscopy,
sDNA, serum, or urine tests
No studies included people younger
than 50 y

Study conducted in Taiwan
FITs used include OC-Sensor and HM
JACK
Did not include participants younger
than 50 y

Hemoccult II no longer widely used in US
Three trials included people younger
than 50 y

High

Low

Studies limited to health professionals
and older adults
Based on subgroup analyses, findings not
applicable to people with first-degree
relatives with CRC or to adults aged
75-79 y
One study included people younger
than 50 y

No studies included people younger
than 50 y

No longer widely used in the US

Applicability

Low

High

Strength
of evidence

Clinical Review & Education US Preventive Services Task Force
USPSTF Review: Screening for Colorectal Cancer

jama.com

jama.com

Study design
(No. of observations)

2 Studies, colonoscopy
reference standard
(n = 3503)
3 Studies, registry
reference standard
(n = 15 969)

High-sensitivity gFOBT

Consistent, precise

Other than OC-Sensor and OC-Light,
FITs were not evaluated in more than a
single study using colonoscopy
reference standards

Only 2 studies without verification
bias, with varying estimates

Inconsistent, imprecise

CRC: Sensitivity range, 0.50 to 0.75
(95% CI range, 0.09 to 1.0); specificity
range, 0.96 to 0.98 (95% CI range,
(0.95 to 0.99)
Advanced adenoma: sensitivity range,
0.06 to 0.17 (95% CI range, 0.02 to
0.23); specificity range, 0.96 to 0.99
(95% CI range, 0.96 to 0.99)
Estimates for sensitivity to detect CRC
were slightly higher in studies using
differential reference standard
(registry follow-up)

High

Low

Moderate
Studies not designed to assess test
accuracy to detect cancers
Unclear if variation in test performance
is attributable to differences in study
design, population, CT colonography
imaging, or reader experience or
reading protocols

CRC: consistent,
imprecise
Adenomas: consistent,
precise

Moderate

Strength
of evidence

CRC:b Sensitivity range, 0.86 to 1.0
(95% CI range, 0.21 to 1.0)
Adenoma ≥10 mm:b Sensitivity, 0.89
(95% CI, 0.83-0.96; I2 = 41.7%);
specificity, 0.94 (95% CI, 0.89-1.0;
I2 = 98.3%)
Adenoma ≥6 mm:b Sensitivity, 0.86
(95% CI, 0.78-0.95; I2 = 87.4%);
specificity, 0.88 (95% CI, 0.83-0.95;
I2 = 94.9%)

Studies not designed to assess test
accuracy to detect cancers
Specificity could only be calculated
from 1 study

Other limitations

Consistent, imprecise

Consistency
and precision

CRC: Sensitivity range, 0.18 to 1.0
(95% CI range, 0.01 to 1.0)
Adenoma ≥10 mm: Sensitivity range,
0.89 to 0.95 (95% CI range, 0.74 to
1.0); specificity, 0.89 (95% CI,
0.86-0.91)
Adenoma ≥6 mm: Sensitivity range,
0.75 to 0.93 (95% CI range, 0.63 to
0.96); specificity, 0.94 (95% CI,
0.92-0.96)

Summary of findings

25 Studies, colonoscopy CRC:c Sensitivity, 0.74 (95% CI,
reference standard
0.64-0.83); I2 = 31.6%; specificity,
(n = 122 370)
0.94 (95% CI, 0.93-0.96); I2 = 96.6%
18 Studies, registry
Advanced adenoma:c Sensitivity, 0.23
reference standard
(95% CI, 0.20-0.25); I2 = 47.4%;
(n = 2 824 358)
specificity, 0.96 (95% CI, 0.95-0.97);
I2 = 94.8
Estimates for sensitivity to detect CRC
were slightly higher in studies using
differential reference standard
(registry follow-up)

9 Studies,
colonoscopy + CT
colonography reference
standard (n = 6497)

CT colonography

FIT

4 Studies,
colonoscopy + CT
colonography reference
standard (n = 4821)

Colonoscopy

KQ2: Accuracy of screening

Instrument
or treatment

Table 5. Summary of Evidence (continued)
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(continued)

OC-Light has similar sensitivity and
specificity to OC-Sensor
Ten studies included people younger
than 50 y
No differences in test accuracy by age

Estimates apply to OC-Sensor family of
FITs using manufacturer recommended
cutoffd

Estimates apply to Hemoccult SENSA;
test is no longer widely used in the US
and requires 3 stool samples and dietary
restrictions
Did not include people younger than 50 y

Estimates apply to CT colonography with
full bowel prep
Mostly single-center studies using
limited number of highly trained
radiologists; current practice may use
lower doses of radiation (and therefore
different technology/protocols)
Four studies included people younger
than 50 y (2 only if they had a family
history)

Colonoscopies were conducted or
supervised by “experienced” specialists
Two studies included people younger
than 50 y (1 only if they had a family
history)

Applicability

USPSTF Review: Screening for Colorectal Cancer
US Preventive Services Task Force Clinical Review & Education

(Reprinted) JAMA May 18, 2021 Volume 325, Number 19

1987

1988
No studies with unscreened
comparison

Consistent, precise

After abnormal stool test result:
Major bleeding: 17.5 (95% CI,
7.6-27.5) events per 10 000
procedures
Perforation: 5.4 (95% CI, 3.4-7.4)
events per 10 000 procedures
Other serious harms: No estimate
After abnormal flexible sigmoidoscopy
result:
Major bleeding: 20.7 (95% CI,
8.2-33.2) events per 10 000
procedures
Perforation: 12.0 (95% CI, 7.5-16.5)
events per 10 000 procedures
Other serious harms: No estimate

21 Observational
studies (n = 903 872)

Colonoscopy after an
abnormal CT
colonography, flexible
sigmoidoscopy, or stool
test result

Only 4 studies with unscreened
comparison

Consistent, precise

Major bleeding: 14.6 (95% CI,
9.4-19.9) events per 10 000
procedures
Perforation: 3.1 (95% CI, 2.3-4.0)
events per 10 000 procedures
Other serious harms: in 4 studies with
comparator groups, similar or less
frequent adverse events in screened vs
unscreened group

Screening colonoscopy

67 Observational
studies
(n = 27 746 669)

18 Observational
studies (n = 395 077)

Flexible sigmoidoscopy

No studies with control group (no
flexible sigmoidoscopy)
Possible reporting bias of harms other
than bleeding and perforation

Single nested case-control study

Consistency NA, precise

CRC: Sensitivity, 0.68 (95% CI,
0.53-0.80); specificity, 0.79 (95% CI,
0.77-0.81)
Advanced adenoma: Sensitivity, 0.22
(95% CI, 0.18-0.24); specificity, 0.79
(95% CI, 0.76-0.82)

Consistent, precise

1 Study, colonoscopy
reference standard
(n = 6857)

Serum test

Only 1 study adequately powered to
detect cancers

Other limitations

Consistent, precise

Consistency
and precision

CRC: Sensitivity, 0.93 (95% CI,
0.87-1.0); I2 = 0%; specificity, 0.85
(95% CI, 0.84-0.86); I2 = 37.7%
Advanced adenoma: Sensitivity, 0.43
(95% CI, 0.40-0.46); I2 = 0%);
specificity, 0.89 (95% CI, 0.86-0.92);
I2 = 87.8%

Summary of findings

Major bleeding: 0.5 (95% CI, 0-1.3)
events per 10 000 procedures
Perforation: 0.2 (95% CI, 0.1-0.4)
events per 10 000 procedures
Other serious harms: not routinely
reported but cannot be attributed to
flexible sigmoidoscopy procedure

4 Studies, colonoscopy
reference standard
(n = 12 424)

sDNA

KQ3: Harms of screening

Study design
(No. of observations)

Instrument
or treatment

Table 5. Summary of Evidence (continued)

Moderate

Moderate

Moderate

Low

Moderate

Strength
of evidence
Applicability
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(continued)

Reflects community practice
Two studies after abnormal stool testing
included people younger than 50 y

Reflects community practice
Twenty-one studies included people
younger than 50 y
Risk of serious harms appears to increase
with age

Reflects community practice, but
flexible sigmoidoscopy no longer widely
used in US practice
No studies included people younger
than 50 y

Estimates apply to Epi proColon,
evaluating the mSEPT9 marker
Currently only FDA-approved for people
unwilling or unable to be screened by
gFOBT, FIT, flexible sigmoidoscopy,
or colonoscopy
Did not include people younger than 50 y

Estimates apply to Cologuard (sDNA-FIT)
In the largest study, 6% of people had
inadequate stool samples
Two studies included people younger
than 50 y

Clinical Review & Education US Preventive Services Task Force
USPSTF Review: Screening for Colorectal Cancer

jama.com
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FN: OC-Sensor results, 13 studies (n = 44 597).

At lower cutoffs (15 and 10 μg Hb/g feces), the sensitivity for CRC increased (0.92 and 0.99, respectively) and
the corresponding specificities decreased (0.92 and 0.90, respectively).

c

d

a

Several adequately powered comparative effectiveness studies are currently underway will evaluate the
comparative effectiveness of direct visualization vs stool-based screening programs.

CT colonography with bowel prep results, 7 studies (n = 5328).
b

US Preventive Services Task Force Clinical Review & Education

Abbreviations: CRC, colorectal cancer; CT, computed tomography; ECF, extracolonic finding; FDA, US Food and Drug
Administration; FIT, fecal immunochemical test; gFOBT, guaiac fecal occult blood test; HR, hazard ratio; IRR, incidence
rate ratio; KQ, key question; mSEPT9, methylated septin 9 gene; NA, not applicable; PLCO, Prostate, Lung, Colorectal,
and Ovarian Cancer Screening Trial; RCT, randomized clinical trial; RR, relative risk; sDNA, stool DNA.

ECF can be a benefit or a harm
Prevalence of ECF appears to increase
with age
One study included people younger
than 50 y
Low
No studies able to quantify net benefit
or harm
Studies with varying levels of
follow-up, few studies with final
disposition of ECF
27 Observational
studies (n = 48 235)
ECF

ECFs requiring workup of potentially
important findings (E4) occurred in
1.3% to 11.4% of examinations
A minority of findings (≤3%) required
definitive medical or surgical
treatment, and extracolonic cancers
were rarely detected (0.35%)

Consistent, imprecise

Reflects community practice
No studies included people younger
than 50 y
Moderate
No studies with control group (no CT
colonography)
More limited evidence in screening
populations at true average risk
Possible reporting bias of harms other
than perforation
Serious harms from CT colonography in Consistent, imprecise
asymptomatic people are uncommon
The effective dose of radiation per
examination ranged from 0.8 to
5.3 mSv
19 Observational
studies (n = 90 133)
Harms

CT colonography

Study design
(No. of observations)
Instrument
or treatment

Table 5. Summary of Evidence (continued)

Summary of findings

Consistency
and precision

Other limitations

Strength
of evidence

Applicability

USPSTF Review: Screening for Colorectal Cancer

Data from well-conducted population-based screening RCTs
demonstrate that intention to screen with Hemoccult II or flexible
sigmoidoscopy can reduce CRC mortality. Hemoccult II and flexible
sigmoidoscopy, however, are no longer widely used for screening
in the US. Newer screening tests with similar sensitivity may result
in CRC mortality reductions similar to reductions shown in existing
trials. If sensitivity is better, without a trade-off in specificity (eg, various FITs), mortality reductions could be greater.275 Decision analyses can help understand the trade-offs of false-positive results and
optimal intervals of testing for tests that maximize sensitivity with
a reduction in specificity (eg, sDNA-FIT). To date, while serum testing has more limited evidence around test accuracy, it has better patient acceptability and adherence than stool-based testing.276 While
CT colonography has evidence to support the adequate detection
for precursor lesions greater than or equal to 6 mm (similar to colonoscopy), it may have harms associated with the cumulative exposure of radiation with repeated examinations, the detection of incidental findings, or both.
Adherence to screening remains the biggest challenge to implementation of screening and has consistently lagged behind recommended screenings for other cancers.277 Adherence to a single round
of screening, repeated screening, and follow-up colonoscopy vary
across studies, setting, and populations.278 Differential adherence
to screening tests influences the benefits and harms of screening
program and may influence the selection of a preferred strategy.
Although the incidence of CRC has been increasing among adults
younger than 50 years, there is little empirical evidence evaluating
potential differences in the effectiveness of screening, test performance of screening tests, and the harms of screening in adults
younger than 50 years. Any differences in the effectiveness of
screening at younger ages would be attributable to varying the underlying risk or incidence of CRC, the natural history of disease, or
both, as well as differences in test accuracy by age. Limited studies
demonstrate no difference in test accuracy of stool testing or harms
of colonoscopy in people younger than 50 years. Although it is not
hypothesized that colonoscopy or CT colonography are more harmful in younger adults than older adults, initiating screening at an earlier age will accrue more procedural harms and extracolonic findings, which should be weighed against any incremental benefit of
earlier start to screening.
Systematic reviews have identified multivariable risk prediction models with adequate discrimination,279,280 many of which have
been externally validated281,282; however, they are not commonly
used in clinical practice.279,283 In theory, multivariable risk assessment can identify persons at higher risk for CRC and tailor when to
initiate screening.
While several CRC screening trials evaluating colonoscopy, CT
colonography, and FIT are underway, future research should also include trials or well-designed cohort studies in average-risk populations to evaluate the effects of new serum- and urine-based tests
on cancer mortality and incidence. In addition, future research should
include adequate sampling of different populations (by age, family
risk, and race/ethnicity) to allow for robust subgroup analyses, use
multivariable risk assessment to guide screening, or both. Studies
to confirm the screening test performance of FITs with thus-far limited reproducibility would be helpful to offer other FIT alternatives
to OC-Sensor and OC-Light. Likewise, test accuracy studies adequately powered for cancer detection to establish or confirm the
(Reprinted) JAMA May 18, 2021 Volume 325, Number 19
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screening test performance of promising serum- and urine-based tests
are needed to bolster a menu of options for screening that may have
greater acceptability and feasibility. In general test accuracy studies
to clarify any differential in detection of proximal vs distal test accuracy, and the detection of precursor lesions with more potential for
malignant transformation (eg, serrated sessile lesions), would also be
informative. In addition, understanding the overall net effect of detection of extracolonic findings may be helped by reporting of the
downstream benefits and harms of extracolonic findings in randomized or nonrandomized studies with longer-term follow-up.

USPSTF Review: Screening for Colorectal Cancer

included prospective cohort studies. Third, although this review addressed some important contextual issues related to screening
(eg, adherence to testing, risk assessment to tailor screening, test
acceptability and availability), it did not include an assessment of the
mechanism of benefit of the different screening tests (primary prevention vs early detection), methods to increase screening adherence, prevalence of interval cancers between screenings, potential
harms of overdetection of adenomas or unnecessary polypectomy, technological enhancements to improve the test accuracy of
direct visualization, and surveillance after screening.

Limitations
This review has several limitations. First, it excluded studies in symptomatic people and people with the highest hereditary risk. Second, it included only trials or prospective cohort studies designed
to evaluate the association of screening with CRC incidence or mortality. It is possible that excluded well-designed nested casecontrol studies of colonoscopy or FIT may have lower risk of bias than
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