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IMPORTANCE Colorectal cancer screening (CRC) is recommended by all major US medical
organizations but remains underused.

OBJECTIVE To identify interventions associated with increasing CRC screening rates and their
effect sizes.

DATA SOURCES PubMed, Cumulative Index to Nursing and Allied Health Literature, the
Cochrane Library, and ClinicalTrials.gov were searched from January 1, 1996, to August 31,
2017. Key search terms included colorectal cancer and screening.

STUDY SELECTION Randomized clinical trials of US-based interventions in clinical settings
designed to improve CRC screening test completion in average-risk adults.

DATA EXTRACTION AND SYNTHESIS At least 2 investigators independently extracted data and
appraised each study’s risk of bias. Where sufficient data were available, random-effects
meta-analysis was used to obtain either a pooled risk ratio (RR) or risk difference (RD)
for screening completion for each type of intervention.

MAIN OUTCOMES AND MEASURES The main outcome was completion of CRC screening.
Examination included interventions to increase completion of (1) initial CRC screening by any
recommended modality, (2) colonoscopy after an abnormal initial screening test result,
and (3) continued rounds of annual fecal blood tests (FBTs).

RESULTS The main review included 73 randomized clinical trials comprising 366 766 patients at
low or medium risk of bias. Interventions that were associated with increased CRC screening
completion rates compared with usual care included FBT outreach (RR, 2.26; 95% CI, 1.81-2.81;
RD, 22%; 95% CI, 17%-27%), patient navigation (RR, 2.01; 95% CI, 1.64-2.46; RD, 18%; 95% CI,
13%-23%), patient education (RR, 1.20; 95% CI, 1.06-1.36; RD, 4%; 95% CI, 1%-6%), patient
reminders (RR, 1.20; 95% CI, 1.02-1.41; RD, 3%; 95% CI, 0%-5%), clinician interventions of
academic detailing (RD, 10%; 95% CI, 3%-17%), and clinician reminders (RD, 13%; 95% CI,
8%-19%). Combinations of interventions (clinician interventions or navigation added to FBT
outreach) were associated with greater increases than single components (RR, 1.18; 95% CI,
1.09-1.29; RD, 7%; 95% CI, 3%-11%). Repeated mailed FBTs with navigation were associated
with increased annual FBT completion (RR, 2.09; 95% CI, 1.91-2.29; RD, 39%; 95% CI,
29%-49%). Patient navigation was not associated with colonoscopy completion after an initial
abnormal screening test result (RR, 1.21; 95% CI, 0.92-1.60; RD, 14%; 95% CI, 0%-29%).

CONCLUSIONS AND RELEVANCE Fecal blood test outreach and patient navigation, particularly
in the context of multicomponent interventions, were associated with increased CRC
screening rates in US trials. Fecal blood test outreach should be incorporated into
population-based screening programs. More research is needed on interventions to increase
adherence to continued FBTs, follow-up of abnormal initial screening test results, and
cost-effectiveness and other implementation barriers for more intensive interventions, such
as navigation.
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C olorectal cancer (CRC) is the second leading cause of
cancer death in the United States.1 Screening for
CRC reduces the incidence and mortality2,3 and is

cost-effective.4 Multiple US medical guidelines endorse
population-based screening for adults2,5 through multiple mo-
dalities, including colonoscopy, flexible sigmoidoscopy, com-
puted tomographic colonography, and fecal blood tests (FBTs)
using a guaiac fecal occult blood test (gFOBT) or fecal immu-
nochemical (FIT) test, with or without multitargeted stool
DNA.2 However, testing is up to date in only 63% of eligible
adults, and rates are lower among minority race/ethnicity
groups and the underinsured.6

Such underuse has brought CRC screening to the fore-
front of national public health campaigns,7 yet implementa-
tion of approaches with a positive association for increasing
CRC uptake8-11 has been comparatively slow. An up-to-date syn-
thesis of the literature on interventions to increase CRC screen-
ing could help enhance clinicians’ and policymakers’ ability
to select approaches most likely to benefit their populations
and help researchers to identify and address remaining knowl-
edge gaps.

The purpose of this review and meta-analysis is to sys-
tematically evaluate interventions designed to increase CRC
screening rates in US settings. The review was structured ac-
cording to 3 key questions (KQs). These KQs examined the in-
terventions that have been tested and their effect sizes for in-
creasing completion of KQ1, any initial CRC screening test; KQ2,
colonoscopy following an abnormal initial screening test re-
sult (FBT, flexible sigmoidoscopy, or radiologic test); and KQ3,
continued annual FBTs.

Methods
We performed a systematic review and meta-analysis accord-
ing to the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines.12

Data Sources and Searches
A medical librarian searched PubMed, Cumulative Index to
Nursing and Allied Health Literature, and the Cochrane Li-
brary for English-language articles published from January 1,
1996, to August 31, 2017 (eTable 1 in the Supplement). We also
searched the ClinicalTrials.gov database for completed but un-
published studies and manually searched reference lists of per-
tinent prior review articles (eTable 5 in the Supplement). Key
search terms included colorectal cancer and screening.

Study Selection and Eligibility Criteria
Each phase of study selection, data extraction, and risk-of-
bias assessment was performed by at least 2 individuals. We
limited the review to randomized clinical trials (RCTs) of in-
terventions intended to improve completion of any CRC screen-
ing test recommended during the study period in average-
risk populations in the United States (eAppendix 1 in the
Supplement, full eligibility criteria). The primary outcome was
objective documentation of screening completion. We as-
sessed risk of bias within studies according to PRISMA recom-

mendations using a tool based on Agency for Healthcare Re-
search and Quality guidance (eMethods, eTable 2 in the
Supplement). We rated each study as having low, medium, or
high risk of bias.

Data Synthesis and Analysis
We organized the interventions into logical categories accord-
ing to group consensus. The primary comparator was usual
care. For trials with multiple arms, we assessed the outcomes
of all active interventions vs usual care and vs other active com-
parators. If 2 or more studies of a sufficiently similar interven-
tion made the same comparison, we used random-effects meta-
analysis to obtain pooled risk ratios (RRs) and risk differences
(RDs) for completion of any screening test. For interventions
with multiple-cluster RCTs with different, nonzero baseline
screening rates, we estimated only RD. Our primary analyses
for each intervention included studies at low or medium risk
of bias, with a sensitivity analysis including studies at all risks
of bias. Following the Community Preventive Services Task
Force,13 we also compared the effects of multicomponent vs
single-component interventions. Between-study heteroge-
neity was determined using the I2 statistic.12 If more than 8
RCTs reported a study characteristic (eg, type of screening test,
outcome time point, or a demographic feature), we explored
heterogeneity with meta-regression. For interventions with
more than 8 studies (including those with high risk of bias),
we used funnel plots and the Harbord test or Egger test to de-
tect small-study effects (eg, publication bias). Unpublished
studies identified in ClinicalTrials.gov helped to inform as-
sessment of publication bias. For the principal comparisons,
we graded the strength of evidence as high, moderate, or low
using an established approach (eMethods in the Supple-
ment).

Results
Search Results
The search yielded 2123 unique abstracts, with dual review in-
cluding 104 full-text articles describing 232 intervention com-
parisons in 457 534 patients (Figure 1). Ninety-two studies ad-
dressed initial screening uptake (KQ1), 6 addressed follow-up

Key Points
Question Which interventions increase completion of colorectal
cancer screening tests in the United States?

Findings In this sytematic review and meta-analysis of 73
randomized clinical trials, Patient navigation and fecal test
outreach had the strongest evidence supporting a significant
increase in completion of initial screening; combining
interventions (eg, navigation with test outreach) was associated
with further increases in screening.

Meaning Multicomponent programs, including screening test
outreach with as-needed patient navigation, should be
implemented to reach national goals for colorectal cancer
screening rates.
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of positive initial screening test results (KQ2), and 13 ad-
dressed continued completion of FBTs (KQ3; 9 studies also ad-
dressed initial screening). Seventy-three studies at medium or
low risk of bias, describing 181 intervention comparisons in
366 766 patients, were included in primary analyses (eTable3
in the Supplement indicates risk-of-bias ratings; the Box pro-
vides intervention categorization; eAppendix 2 in the
Supplement reports sensitivity, subgroup, and funnel plot
analyses).

KQ1: Completion of Any Initial CRC Screening
Patient-Directed Interventions

FBT Outreach | A frequently tested intervention was active dis-
tribution of FBTs, aimed at circumventing structural barriers
to accessing screening. Twenty studies compared FBT out-
reach with usual care, with 17 at medium or low risk of bias
(eTable 4 in the Supplement). Fifteen studies used mailed FBTs
and 5 tied FBT distribution to a patient encounter (3 involved
influenza vaccination).14-18

All medium or low risk-of-bias studies reported superior-
ity of FBT outreach over usual care for increasing completion
of any CRC screening test (RR, 2.26; 95% CI, 1.81-2.81; RD, 22%;
95% CI, 17%-27%) (Figure 2A14-16,18-31; eFigure 1A and eFigure
2 in the Supplement). There was a significantly large variance
of study results (I2 = 98%), although the heterogeneity re-
flects differences in the magnitude but not direction of the as-
sociation (Figure 2A).14-16,18-31 Bivariate meta-regression did not
reveal statistically significant effect modification by mean
age; proportions of minority race/ethnicity (eFigure 9 in the
Supplement), female sex, uninsured (eFigures 10 and 11 in the
Supplement), and ever-screened participants (eFigures 7 and
8 in the Supplement); use of FIT or gFOBT (eFigures 5 and 6
in the Supplement); length of follow-up (eFigures 3 and 4 in
the Supplement); non-FBT cointerventions (eg, patient navi-
gation); risk of bias; or FBT distribution method (mailed or in-
person; eFigures 1A and eFigure 2 in the Supplement). The
I2 level was reduced to 63% to 69% when the analysis was re-
stricted to outcomes with the same follow-up time (either 26
or 52 weeks) (eFigure 4 in the Supplement); further restrict-
ing study characteristics did not reduce heterogeneity
(eFigure 12 in the Supplement).

Patient Navigation | Patient navigation is a barriers-focused
intervention44 whereby a trained individual guides a patient
through a complex health care system, addressing sociocultural,
educational, and logistical barriers with the main goal of mini-
mizing loss to follow-up. We considered interventions to be navi-
gation if they appeared to fulfill these characteristics, even if dif-
ferently named (eg, patient management,32,35 health
promotion,27 or targeted telephone education38,39). Navigators
were mostly health care professionals,20,21,23,24,32-40,45-47

although 4 studies used lay or peer navigators.30,41,43,48

Navigation had a consistent association with increased CRC
screening completion over usual care in the 16 studies at
medium or low risk of bias (RR, 2.01; 95% CI, 1.64-2.46)
(Figure 2B)20,21,23,24,27,30,32-41 (RD, 18%; 95% CI, 13%-23%)
(eFigure 14 in the Supplement).

If navigation interventions involved an additional com-
ponent that was more than a nontailored educational mailing
or reminder (eg, clinician-directed intervention,30,32 video de-
cision aid,41 or intensive automated reminder program23), the
combined interventions were associated with larger screen-
ing increases than pure navigation interventions (RR, 2.33;
95% CI, 1.79-3.04 vs RR, 1.69; 95% CI, 1.35-2.11; and RD, 25%;
95% CI, 20%-31% vs RD 11%; 95% CI, 7%-15%). Regarding FBT
distribution, interventions incorporating standing orders for
the navigator to distribute FBTs were more associated with in-
creased screening than those that did not (Figure 2B; eFigure
1B and eFigure 14 in the Supplement). Five studies directly
comparing navigation plus mailed FBT with mailed FBT
alone23,24,26,27,29 demonstrated a small but significant ben-
efit of adding navigation (RR, 1.14; 95% CI, 1.07-1.23; RD, 6%;
95% CI, 1%-11%) (eFigure 15 in the Supplement).

Meta-regression revealed that shorter time frames for
end point evaluation were associated with increased screen-
ing rates, although navigation was superior to usual care at

Figure 1. Summary of Evidence Search and Study Selection

1786 Excluded at abstract stage

259 Full-text articles excluded
9 Not original research

16 Wrong population
18 Wrong screening or

intervention
3 Wrong or no comparator

87 Wrong or no outcome
27 Wrong setting
28 Non-US country
17 Wrong study design

3 Did not address KQ
0 Non-English language

19 Abstract-only record
6 Published before 1996

CRC USPSTF guidelines
26 High ROB

3822 Records identified

2123 Screened
1699 Removed as duplicates

337 Full-text articles assessed for
eligibility

73 (78) Studies (articles) included in
qualitative and quantitative
synthesis of systematic review

3787 Records identified through
database searching
1613 PubMed
1905 Cochrane

269 CINAHL

35 Additional records identified
through other sources
34 Hard search

1 Team surveillance

Seventy-three randomized clinical trials were described in a total of 78 articles.
The extra articles were either reports or extended follow-up or additional
analyses. CINAHL indicates Cumulative Index to Nursing and Allied Health
Literature; CRC, colorectal cancer; KQ, key question; ROB, risk of bias;
USPSTF, United States Preventive Services Task Force.
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all time points (eFigure 16 and eFigure 17 in the Supple-
ment). Culturally tailored navigation was not significantly
more effective vs usual care than standard navigation,
although all navigators were language concordant and often
culturally concordant, even without specifically culturally
tailored scripts or materials (eFigure 18 in the Supplement).
Four studies directly comparing some form of culturally
o r o t h e r w i s e e n h a n c e d n av i g at i o n w it h s t a n d a rd
navigation32,47 (2 with a high risk of bias46,48) also failed to
show increased effectiveness of the enhanced arms (RR,
1.04; 95% CI, 0.98-1.11; RD, 1%; 95% CI, 0%-1%) (eFigure 19
in the Supplement). Restricting analysis to studies with uni-
form lengths of follow-up (eFigure 16 and eFigure 17 in
the Supplement), CRC screening test type (eFigure 21 and
eFigure 22 in the Supplement), prior screening tests (eFigure
20 in the Supplement), insurance status (eFigure 23 in the
Supplement), and cointerventions reduced I2 but with exclu-
sion of a substantial number of studies.

Patient Education | Fifty-two studies used some form of patient
education, although 12 of those studies targeted the completion

of screening tests already ordered or distributed49-57 or comple-
tion of continued annual FBTs.23,42,58,59 Nineteen studies,31,60-77

including 6 with high risk of bias,72-77 compared an intervention
with patient education as the focal point (excluding extensive
cointerventions, eg, navigation and FBT outreach) with usual
care, and overall were associated with increased screening rates
(RR, 1.20; 95% CI, 1.06-1.36; RD 4%; 95% CI, 1%-6%). Among
these studies, those with some additional component beyond
patient education (clinician prompt67,69 or patient ability to re-
quest FBT directly62,66) led to a significant increase in screening
completion over usual care (RR, 1.43; 95% CI, 1.16-1.75; RD, 8%;
95% CI, 2%-15%), while those without additional components
did not (RR, 1.08; 95% CI, 0.97-1.20; RD, 2%; 95% CI, 0%-4%)
(eFigure 25 and eFigure 26 in the Supplement). Subgroup analy-
ses were notable for favorable results of interventions that
includedpersonaltelephonecalls64,70 ormailingswithtelephone
calls after a visit with screening test distribution,54,56,78

but were nonsignificant for pooled effects of decision
aids49,53,61,65,67,68,71,78-80 or tailored interventions.60-62,64,71,73 The
I2 value was significantly reduced in several subgroup analyses
(eAppendix 2 and eFigures 27-37 in the Supplement).

Box. Categories of Interventions for Increasing Colorectal Cancer Screening Completiona

KQ1: Interventions to Increase Uptake of an Initial Screening Test
Patient directed

FBT outreach: 20 studies
Mailed FBT outreach: 15 studies

Visit-based FBT outreach (often with influenza vaccination):
5 studies

Patient navigation: 27 studies
Explicitly named patient navigation: 18 studies

Navigation equivalents: 9 studies

Patient education (not part of larger intervention in 1 or 2): 25
studies

Information only (brochures/videos/websites/calls/in-person):
13 studies

Decision aids: 6 studies

Provision of personalized risk information: 5 studies

Motivational interviewing: 2 studies

Patient reminders (without included FBT): 14 studies
Postal mail only: 6 studies

Telephone: 8 studies
Automated: 5 studies (1 text message)

Personal: 3 studies

Financial incentives for FBT completion: 2 studies
Fixed incentives ($5-$20): 2 studies

Lottery-based incentives (1-in-N chance to win larger sum):
1 study

Strategic presentation of screening tests: 4 studies
Presenting choice of FBT or colonoscopy (vs presenting
only 1 option): 1 study

Screening with 2-card FIT (vs 3-card gFOBT with dietary restric-
tions): 2 studies

Screening with 1-card FIT (vs 2-card FIT): 2 studies

Clinician directed

Non–visit based: 11 studies
Academic detailing: 11 studies

With audit and feedback: 5 studies

Visit based: 8 studies
Reminders: 8 studies

KQ2: Interventions to Increase Uptake of Complete Diagnostic
Evaluation or Colonoscopy after Abnormal Initial Screening Test
Result
Patient directed: 4 studies

Patient navigation: 4 studies

Clinician directed: 2 studies
Academic detailing and audit + feedback: 1 study

Task-shifting (automatic GI referral): 1 study

KQ3: Interventions to Increase Uptake of Annual FBT (After Negative
Initial Test Result)
Patient directed

Repeated rounds of mailed FBT: 5 studies

With as-needed patient navigation: 4 studies

Without patient navigation: 1 study

Patient reminders: 1 study

Original presentation of choice of FBT or colonoscopy
(vs only 1 option): 1 study

Clinician directed
Academic detailing, audit + feedback, and quality improvement:
3 studies

Abbreviations: FBT, fecal blood test (FIT or gFOBT); FIT, fecal immunochemical
test; gFOBT, guaiac-based fecal occult blood test; GI, gastrointestinal; KQ, key
question.

a Numbers of studies are the comparisons with usual care unless another
comparator is specified. Totals were generally mutually exclusive except in a
few occasions in which studies had multiple arms from different categories.
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Patient Reminders | Patient reminders were compared with usual
care in 14 studies (4 with a high risk of bias), excluding inter-
ventions in which reminders were built into more extensive
interventions (ie, navigation). Reminders were slightly asso-
ciated with increased screening overall (RR, 1.20; 95% CI,

1.02-1.41; RD, 3%; 95% CI, 0%-5%), with larger associations
among interventions using a telephone component63,64,66,70

(eFigure 38 and eFigure 39 in the Supplement). The benefit of
a telephone component was also present in 3 trials directly
measuring the benefit of adding a telephone reminder to a mail-

Figure 2. Risk Ratio for Completion of Colorectal Cancer (CRC) Screening Test
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ing (RR, 1.12; 95% CI, 1.00-1.26; RD, 6%; 95% CI, 2%-9%)
(eFigure 40 in the Supplement).23,81,82 A text message re-
minder to reach Alaska Natives was also positively effective,83

while mail-based31,60 or email/internet-based60,62,84 remind-
ers were less effective. Heterogeneity was reduced in several
subgroup analyses (eFigures 41-45 in the Supplement).

Financial Incentives | Two publications at low risk of bias,85,86 with
1 including 2 substudies,86 examined financial incentives for FBT
completion. Among the 8 interventions tested in the 3 studies,
only 1 study offering a 1-in-10 chance of receiving $50 upon
completion demonstrated a statistically significant increase of
FBT returns.86 Pooling data across trials demonstrated slightly
increased screening completion with $5 (RR, 1.09; 95% CI, 1.01
to 1.18; RD, 3%; 95% CI, 0% to 6%) (eFigure 47 in the Supplement)
but not $10 incentives (RR, 1.02; 95% CI, 0.85 to 1.23; RD, 1%;
95% CI, −7% to 8%) (eFigure 48 in the Supplement) or with pool-
ing all financial incentive groups (RR, 1.16; 95% CI, 0.95 to 1.42;
RD, 6%; 95% CI, −2% to 14%).

Strategies for Presenting Screening | Several studies examined the
effect of different modes of presenting screening tests on up-
take. In a diverse urban clinic network, completion of initial
screening increased if patients were offered gFOBT (67.2%) or
a choice between gFOBT and colonoscopy (68.8%) compared
with those that offered only colonoscopy (58.1%),87 although
this difference was not sustained at 3 years post-intervention.88

Several trials reported modestly increased uptake of FBT with
lesser complexity and number of samples (eFigure 49 and
eFigure 50 in the Supplement).89-91 Mailings of 2-sample FITs
were 1.13 (95% CI, 1.02-1.26) times as likely to be returned than
a 3-sample gFOBT mailing with dietary restrictions,89,90 for an
RD of 8% (95% CI, 1%-14%).

Clinician-Directed Interventions
Eighteen studies of 19 clinician-directed interventions were
identified: 8 of visit-based interventions and 11 of non–visit-
based interventions (1 combined both interventions).92 Most
were cluster RCTs (12 of 18 total and 10 of 11 non-visit based),
with the units of randomization usually comprising the prac-
tice but occasionally comprising the clinician. All non–visit-
based interventions had a component of academic detailing
(face-to-face education of clinicians), with the 6 studies at me-
dium or low risk of bias consistently demonstrating greater in-
creases in screening vs usual care (RD, 10%; 95% CI, 3%-17%)
(eFigure 51 in the Supplement). All visit-based interventions
consisted of a reminder to the clinician via paper or elec-
tronic medical record. All of these interventions were benefi-
cial, with a screening increase of 13 percentage points (95% CI,
8%-19%) over usual care (eFigure 52 in the Supplement). Sub-
group analyses by insurance status, length of follow-up, type
of screening test, and prior screening are shown in eFigures
53-56 in the Supplement.

Multicomponent Interventions | Interventions were multicompo-
nent if they addressed either multiple structural barriers to
screening access or multiple approaches directed at increas-
ing patient demand, patient access (including structural bar-

riers), or clinician delivery of screening services.13 Eighteen
studies were at high risk of bias.17,48,55,72-77,93-100 In 52 studies
with medium or low risk of bias, interventions with multiple
components were associated with greater increases in screen-
ing rates compared with usual care than those with single
components (RR, 1.92; 95% CI, 1.69-2.19 vs RR, 1.43; 95% CI,
1.19-1.71; RD, 19%; 95% CI, 16%-23% vs RD, 6%; 95% CI,
4%-8%) (eFigures 58-61 in the Supplement), albeit with high
statistical and clinical heterogeneity. Compared with usual care,
multicomponent interventions increased screening by a mean
of 13 percentage points (95% CI, 7%-19%) more than single-
component interventions for a number needed to intervene
of 7.5 persons exposed to multicomponent interventions per
additional person screened. Meta-regression suggested that a
screening test outreach component was more essential to the
multicomponent effect than navigation, patient reminder, or
clinician reminder components (eAppendix 2 and eFigures
67-70 in the Supplement). Additional subgroup analyses are
shown in eFigures 63-66 in the Supplement. Nine studies (none
at high risk of bias) directly compared multicomponent inter-
ventions with less intensive, single-component active inter-
ventions, demonstrating a pooled RR of 1.18 (95% CI,
1.09-1.29) and RD of 7% (95% CI, 3%-11%) (eFigure 62 and
eFigure 71 in the Supplement).

KQ2: Colonoscopy After Abnormal Initial Screening
Of 6 studies identified in the search that evaluated comple-
tion of colonoscopy after an abnormal FBT, sigmoidoscopy, or
radiologic test result, 3 were at high risk of bias, including 2
studies of navigation101,102 and 1 of automated referral to co-
lonoscopy vs usual clinician-dependent referral.103 Of the re-
maining studies, 2 examined navigation104,105 and 1 exam-
ined academic detailing plus audit-feedback intervention for
clinicians106 (eTable 4 in the Supplement). All demonstrated
positive effects for completion of follow-up colonoscopy, which
were statistically significant for RD (10%; 95% CI, 1%-18% for
clinician intervention; 14%; 95% CI, 0.2%-29% for naviga-
tion) (eFigure 75 in the Supplement). The pooled RR for
navigation was not statistically significant (1.21; 95% CI,
0.92-1.60) (eFigure 74 in the Supplement) because of a rela-
tively large variance of the 2 small contributing studies.104,105

KQ3: Completion of Annual FBT Screenings
ThirteenstudiesexaminedlongitudinaladherencetoFBTscreen-
ing programs, including trials without usual care comparators.
Of these, 2 trials (n = 2658) randomized individuals with previ-
ous negative test results to interventions to increase repeat
screening.42,59 Eleven trials (n = 29 341) extended an interven-
tion over at least 2 rounds of screening,23,29,45,58,88,94,107-111 al-
though 3 reported only completion of any screening over 2 years
(rather than repeat screening rates).29,94,107 Most trials involved
mailed FBT and educational materials,23,29,45,58,59,107-109 usually
with a navigation component.23,29,45,58,108

Of the 8 trials at medium or low risk of bias, 2 lacked usual
care comparators.88,109 Four of the remaining 6 RCTs com-
pared annually mailed FBTs with varying levels of follow-up
reminders and/or navigation to usual care.23,42,59,108 This strat-
egy was associated with increased screening completion in year
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2 (RR, 2.09; 95% CI, 1.91-2.29; RD, 39%; 95% CI, 29%-49%)
(eFigure 76 in the Supplement)23,42 as well as an increased rate
of complete adherence to screening guidelines through 3 years
(RR, 5.98; 95% CI, 0.16-217; RD, 18%; 95% CI, 14%-21%)
(eFigure 77 in the Supplement).59,108

Strength of Evidence Grading
Fecal blood test outreach and navigation had high strength of
evidence (Table) based on large effect sizes likely represent-
ing clinically significant results, despite heterogeneity. Pa-
tient reminders, minimizing number of stool samples, and mul-
ticomponent vs single-component interventions had moderate
strength of evidence because effect sizes were small enough
to lose clinical significance if the detected heterogeneity, study
limitations, or reporting bias contributed to an inaccurate es-
timate. Additional funnel plots contributing to assessment of
reporting bias are shown in eFigures 13, 24, 46, 57, 72, and 73
in the Supplement. Interventions at low strength of evidence
lacked either statistically significant pooled effect sizes or con-
sistent low risk-of-bias studies supporting the estimates.

Discussion
This review of 73 RCTs found multiple interventions with
demonstrated effectiveness for increasing CRC screening
uptake in diverse populations within the United States. Navi-
gation and FBT outreach were the most frequently studied
and, consequently, have the strongest evidence base. These 2
interventions each increased screening rates by approxi-
mately 20 percentage points. This finding suggests that broad
implementation of either of these interventions could bring the
current national screening rate of 63% close to the national goal
of 80%.7 The net benefit could be even greater if these inter-
ventions were combined with clinician reminders or aca-
demic detailing or were implemented as part of multicompo-
nent interventions in general. Clinicians, health administrators,
and policymakers should consider how to incorporate pa-
tient navigation, FBT outreach, and/or clinician prompts into
their health care settings and sociocultural contexts, using this
review’s findings to further support existing tools on imple-
mentation of research-tested interventions.115

This report is one of few systematic reviews of the topic over
the last half-decade,8-11,116,117 during which CRC prevention has
gained increasing national attention and the number of large,
high-quality trials has multiplied.20,22,37,41,43,59,83,85,108 To our
knowledge, we are the first to incorporate quantitative analysis
in a comprehensive review of all interventions tested in a US set-
ting for increasing CRC screening while examining outcomes at
multiplestepsacrossthescreeningcontinuum.Otherrecentpub-
lications have focused on specific strategies, populations, or ele-
ments of the screening process.8-11,116,117 These reviews included
observational8,11,116,117 andinternational8,116 data,withtheaccom-
panying difficulties accounting for confounding, heterogeneity,
andgeneralizability.Theselimitationsnotwithstanding,thelarger
body of studies examined by Selby et al116 led the authors to the
same conclusion that, for follow-up of abnormal FBT results,
patient navigation and clinician reminders had the strongest

(moderate) evidence but that the issue overall requires further
high-quality, standardized studies. Davis et al117 confirmed the
efficacy of mailed FBT outreach, navigation, and patient remind-
ers in rural and low-income US settings while calling for more in-
vestigation and reporting of contextual factors and implemen-
tation strategies instead of only reporting efficacy. The present
review supports these conclusions while quantitatively extend-
ing them at the national level.

Limitations
Our study has limitations. First, we included only US RCTs, and
our review is therefore most applicable to the US health care
setting. Second, as in all systematic reviews and meta-
analyses, publication and other reporting biases may have af-
fected our findings. Third, we found substantial heteroge-
neity among study effects, which diminishes the precision of
our estimates for intervention effect sizes. We suspect that this
heterogeneity is largely clinical given the unique nuances of
almost every intervention and context. Varied follow-up times
and cointerventions were sources of heterogeneity, but I2 was
only partially reduced by adjusting for these 3 factors. Never-
theless, for intervention categories in which all point esti-
mates and virtually all lower limits of 95% CIs include clini-
cally important associations (FBT outreach and navigation),
we are confident about the intervention’s benefit. Fourth, our
review did not address harms associated with these interven-
tions nor did it address the complex issue of screening over-
use in the elderly or populations with substantial comorbid-
ity. Thus, our findings will be most useful in contexts in which
there is evidence of screening underuse.

Finally, although this review establishes the clinical benefit
of multiple interventions for increasing CRC screening rates, the
economic outcome of their implementation remains to be deter-
mined. The value of more resource-intensive interventions, such
as navigation, depends on the relative benefit to be gained and
the ability to operationalize a streamlined intervention in prac-
tice. The intervention costs may ultimately be outweighed by the
benefits in life-years gained and treatment costs saved from CRC
cases averted, although maintaining the high rates of continued
FBT adherence and follow-up necessary to realize the CRC mor-
tality reduction remains a challenge.88,108,111

Conclusions
Robust evidence supports the effectiveness of navigation and
FBT outreach—and, to a lesser extent, clinician-directed in-
terventions, patient education, and patient reminders—with
increasing CRC screening rates. These interventions can be the
foundational tools to meet the national goal of reducing CRC
burden and disparities in the United States. Future research
should move away from pure efficacy trials and toward stud-
ies aimed at understanding how best to implement and scale
these strategies and the comparative cost-effectiveness of these
interventions from various perspectives (those of society and
sponsoring organizations). Future trials should also seek to
identify the most effective strategies for retaining individu-
als in FBT screening programs and follow-up colonoscopy after
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abnormal FBT results. Committing appropriate resources to
these research priorities as well as the evidence-based prac-

tices highlighted in this review will enable us to realize one of
the major public health goals of the past decade.
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Invited Commentary

Colorectal Cancer Control
Where Have We Been and Where Should We Go Next?
Beverly B. Green, MD, MPH

Colorectal cancer (CRC) is the second leading cause of cancer
death in the United States, but it does not have to be. Screen-
ing prevents CRC by finding precancerous lesions so they can
be removed before they become cancerous. Screening can also

detect CRC early and, when
CRC is localized, 5-year sur-
vival is over 90%, with many

patients cured. Five-year survival for late-stage CRC, how-
ever, is less than 20%.1

Colorectal cancer screening rates have been steadily in-
creasing in the United States, yet only 62% of age-eligible
adults are up-to-date for CRC screening.2 Rates are lower among
low-income (47%), uninsured (25%), African American (59%),

Asian (52%), Native American (48%), and Hispanic (47%)
populations.2 These rates fall short of the 70% and 80% tar-
gets for Healthy People 2020 and National Colorectal Cancer
Round Table. Net health care costs in the first year after CRC
diagnosis range from $36 000 for stage I to $74 000 for stage
IV disease.3 Colorectal cancer survivors also experience high
out-of-pocket costs and lost productivity.4 In short, optimal
and equitable CRC screening would improve health out-
comes and produce cost-savings.5

InpursuitofoptimalandequitableCRCcontrol,multiplefed-
eral agencies, advocacy groups, and initiatives (eg, from the Na-
tional Cancer Institute, Centers for Disease Control and Preven-
tion, American Cancer Society) have sponsored numerous trials
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