Research

JAMA | Original Investigation

Effect of Colonoscopy Outreach vs Fecal Immunochemical
Test Outreach on Colorectal Cancer Screening Completion
A Randomized Clinical Trial
Amit G. Singal, MD, MS; Samir Gupta, MD, MSCS; Celette Sugg Skinner, PhD; Chul Ahn, PhD; Noel O. Santini, MD; Deepak Agrawal, MD;
Christian A. Mayorga, MD; Caitlin Murphy, PhD; Jasmin A. Tiro, PHD; Katharine McCallister, BA; Joanne M. Sanders, MS;
Wendy Pechero Bishop, MS; Adam C. Loewen, BS; Ethan A. Halm, MD, MPH
Editorial page 799
IMPORTANCE Mailed fecal immunochemical test (FIT) outreach is more effective than
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colonoscopy outreach for increasing 1-time colorectal cancer (CRC) screening, but long-term
effectiveness may need repeat testing and timely follow-up for abnormal results.

Supplemental content

OBJECTIVE Compare the effectiveness of FIT outreach and colonoscopy outreach to increase
completion of the CRC screening process (screening initiation and follow-up) within 3 years.
DESIGN, SETTING, AND PARTICIPANTS Pragmatic randomized clinical trial from March 2013 to
July 2016 among 5999 participants aged 50 to 64 years who were receiving primary care in
Parkland Health and Hospital System and were not up to date with CRC screenings.
INTERVENTIONS Random assignment to mailed FIT outreach (n = 2400), mailed colonoscopy

outreach (n = 2400), or usual care with clinic-based screening (n = 1199). Outreach included
processes to promote repeat annual testing for individuals in the FIT outreach group with
normal results and completion of diagnostic and screening colonoscopy for those with an
abnormal FIT result or assigned to colonoscopy outreach.
MAIN OUTCOMES AND MEASURES Primary outcome was screening process completion,
defined as adherence to colonoscopy completion, annual testing for a normal FIT result,
diagnostic colonoscopy for an abnormal FIT result, or treatment evaluation if CRC was
detected. Secondary outcomes included detection of any adenoma or advanced neoplasia
(including CRC) and screening-related harms (including bleeding or perforation).
RESULTS All5999participants(medianage,56years;women,61.9%)wereincludedintheintention-

to-screen analyses. Screening process completion was 38.4% in the colonoscopy outreach group,
28.0% in the FIT outreach group, and 10.7% in the usual care group. Compared with the usual care
group,between-groupdifferencesforcompletionwerehigherforbothoutreachgroups,andhighest
in the colonoscopy outreach group. Compared with usual care, the between-group differences in
adenoma and advanced neoplasia detection rates were higher for both outreach groups, and
highest in the colonoscopy outreach group. There were no screening-related harms in any groups.
Between-Group Differences, % (95% CI)
Colonoscopy
Outreach vs
Usual Care

P Value

FIT Outreach vs
Usual Care

P Value

Colonoscopy
Outreach vs FIT
Outreach

P Value

Screening process
completion

27.7
(25.1 to 30.4)

<.001

17.3
(14.8 to 19.8)

<.001

10.4
(7.8 to 13.1)

<.001

Detection rate for
adenoma

10.3
(9.5 to 12.1)

<.001

1.3
(−0.1 to 2.8)

.08

9.0
(7.3 to 10.7)

<.001

Detection rate for
advanced neoplasia

3.1
(2.0 to 4.1)

<.001

0.7
(−0.2 to 1.6)

.13

2.4
(1.3 to 3.3)

<.001

CONCLUSIONS AND RELEVANCE Among persons aged 50 to 64 years receiving primary care at
a safety-net institution, mailed outreach invitations offering FIT or colonoscopy compared
with usual care increased the proportion completing CRC screening process within 3 years.
The rate of screening process completion was higher with colonoscopy than FIT outreach.
TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01710215
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C

olorectal cancer (CRC) is the second leading cause
of cancer-related death in the United States. Screening can reduce CRC incidence and mortality. The US
Preventive Services Task Force (USPSTF) gives CRC screening
a grade A recommendation (defined as a recommended service because there is high certainty that the net benefit is
substantial) for individuals aged 50 to 75 years.1 However,
effectiveness is limited by underuse and suboptimal adherence to guideline-recommended follow-up, including repeat
testing for normal test results and diagnostic follow-up of
abnormal test results. Studies have demonstrated failures at
each step in the screening process, which are associated with
increased CRC mortality: 30% to 50% of patients do not initiate screening,2,3 40% to 60% of patients with normal results
do not undergo repeat screening,4,5 and more than 50% of
patients with abnormal results do not complete a follow-up
evaluation.6,7
The best strategies to increase screening process completion are uncertain. Colonoscopy may be accepted by individuals seeking tests with high sensitivity and low frequency but
not by those averse to invasive testing requiring bowel preparation, sedation, and transportation.8 Fecal immunochemical test (FIT) acceptance may be highest among individuals
seeking at-home testing but lower among those averse to obtaining stool samples or performing annual testing.9 In the
United States, most screening is visit-based and dependent on
primary care encounters. Complementing visit-based screening with mailed outreach invitations increases 1-time screening among racially diverse and socioeconomically disadvantaged populations 2 ; however, most studies of screening
strategies have focused on single steps in the screening process, with few comparing their effect on completion of the entire process over time.10-12
One-year results of a pragmatic, randomized comparative
effectiveness trial of FIT outreach, colonoscopy outreach,
and usual care for increasing CRC-screening initiation in a
large safety-net health system were previously reported.13
This study reports a primary outcome comparing FIT outreach, colonoscopy outreach, and usual care for increasing
CRC screening process completion (screening initiation and
follow-up) within a 3-year period.

Methods
Study Population
Parkland Health and Hospital System, a publicly funded integrated safety-net health system, includes a 900-bed hospital
and 12 community-based primary care clinics, specialty clinics, and colonoscopy suites. Parkland offers a sliding fee scale
program—Parkland Financial Assistance—providing access to
primary and subspecialty medical care (including CRC screening, follow-up diagnostic testing, and treatment evaluation)
for uninsured Dallas County residents in Texas.
The study was approved by University of Texas Southwestern’s institutional review board (Supplement 1). For this
pragmatic trial, the University of Texas Southwestern institutional review board deemed a waiver of consent to be ethical
jama.com

Original Investigation Research

Key Points
Question Which screening strategy is most effective in promoting
colorectal cancer (CRC) screening process completion among
individuals who are not up to date with CRC screening?
Findings In this randomized clinical trial that included 5999
patients who were followed up for 3 years, screening process
completion occurred in 28.0% in the mailed fecal
immunochemical test (FIT) outreach group, 38.4% in the mailed
colonoscopy outreach group, and 10.7% in the usual care group;
the result for each intervention was significantly greater than for
usual care.
Meaning Outreach interventions offering FIT or colonoscopy may
be more effective than usual care in increasing the proportion of
persons who complete the CRC screening process.

and appropriate because (1) the study was minimal risk because CRC screening is the standard of care and available to
all persons through usual care, (2) a waiver of consent would
not adversely affect the rights and welfare of participants, (3)
the large-scale trial would not be feasible if informed consent
were required, and (4) conducting a cancer screening trial in
only those consenting to participate would have a large volunteer bias threatening its generalizability and validity as a
population health strategy. Although prior studies demonstrate the benefits of screening outreach interventions, CRC
screening for most persons in the United States (including those
at Parkland Health and Hospital System) is delivered through
visit-based screening as recommended by clinicians. Participants in the usual care group would not have had outreach
withheld if Parkland decided to implement an outreach program as part of usual care during the study period.
As described previously,13 the population included individuals aged 50 to 64 years with Parkland Financial Assistance coverage at randomization and a primary care visit
during the year prior to randomization (the trial protocol and
statistical analysis plan are available in Supplement 1).
Parkland Financial Assistance provides access to CRC
screening with co-payments on a sliding scale basis ranging
from $0 to $50 depending on level of income. Participants
were excluded if they were up to date with screening,
including colonoscopy within 10 years, sigmoidoscopy
within 5 years, or FIT testing within 1 year as ascertained
from Parkland’s comprehensive electronic health records
(EHRs) that include all test and procedure results done anywhere in the health system. Exclusion criteria included
(1) no contact information; (2) language other than English or
Spanish; (3) history of CRC, inflammatory bowel disease,
polyps, or colectomy; and (4) incarceration.

Random Assignment
Eligible persons were randomly assigned to either the usual
care, FIT outreach, or colonoscopy outreach groups in a
1:2:2 ratio using a computer-generated, simple randomization sequence. Participants were blinded to presence of
alternate interventions.
(Reprinted) JAMA September 5, 2017 Volume 318, Number 9

© 2017 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by Kevin Rosteing on 09/22/2017

807

Research Original Investigation

Effect of Colonoscopy vs FIT Outreach on CRC Screening Completion

CRC Screening Interventions
Usual care group participants were eligible to receive whatever visit-based screening was recommended and ordered during any in-person outpatient visit. CRC screening test recommendations were at the discretion of clinicians (typically
home-based 3-sample FIT [Hemoccult ICT, Beckman Coulter]
or colonoscopy) (Supplement 2). Parkland clinics had a visitbased CRC screening EHR reminder that flagged individuals
who were not up to date with screening and had primary care
clinician–level audit and feedback for CRC-screening performance. The study protocol did not include additional clinician education, patient education, or decision aids for persons in the usual care group.
Participants in the FIT outreach group received an invitation letter in both English and Spanish with information regarding CRC risk, a 1-sample home FIT test kit (OC-Auto
FIT CHEK; Polymedco) with instructions, and a return envelope with prepaid postage every 12 months during the study
period. Using standardized scripts, bilingual research staff
telephoned persons who did not return the FIT kit within 2
weeks. Up to 2 attempts to reach each participant by telephone were made by trying home or cell phone numbers recorded in the EHR at different times of the day. Those with abnormal FIT results (cutoff, 100 ng/mL) were informed of results
by research staff within 1 week and referred for colonoscopy.
Participants in the colonoscopy outreach group received
an invitation letter in both English and Spanish with information regarding CRC risk and a phone number to schedule a colonoscopy. Using standardized scripts, bilingual research staff
telephoned persons who did not call within 2 weeks. Up to 2
attempts to reach each participant by telephone were made by
trying home or cell phone numbers recorded in the EHR at different times of the day. Participants who called were triaged
to open-access colonoscopy slots or preprocedure clinical review by research staff based on a structured history form. They
were informed colonoscopy may require a co-payment ranging from $0 to $50 depending on income level. If interested,
the procedure was scheduled, and research staff mailed a free
bowel prep kit (Gatorade [PepsiCo] and polyethylene glycol
3350) and preprocedure instructions. Research staff called participants 10 days and 2 days prior to colonoscopy to review prep
instructions and address preprocedural questions. Participants who did not complete colonoscopy on the basis of EHR
data (eTable in Supplement 2) in the Parkland health system
received repeat invitation letters each year.
Participants in the outreach groups were eligible for visitbased screening through usual care. Although clinicians may
have been aware of the pragmatic trial, they had no knowledge of group assignment unless the participant shared the letter with his or her clinician.

Outcome Measures
The primary outcome—screening process completion within
3 years—was defined as (1) colonoscopy completed with no cancer detected; (2) cancer detected by colonoscopy and treatment evaluation completed within 2 or fewer months; (3) a normal FIT result repeated annually for 3 years (ie, every 12 months
anchored on randomization date); (4) an abnormal FIT result
808

with colonoscopy completed within 6 or fewer months with
no cancer detected; or (5) an abnormal FIT result with cancer
detected by colonoscopy and treatment evaluation completed within 2 or fewer months.12 All participants were randomized in year 1 (March 2013-January 2014) and followed up
through July 2016 for screening receipt. The original study outcome was screening process completion within 40 months.
However, the institutional review board protocol was amended
in June 2016 to terminate follow-up in July 2016 because
Parkland Hospital and its central laboratory were scheduled
to close down and move into a new facility. This change would
have prevented protocol-specified timely processing and reporting of mailed FIT kits. To maintain the fidelity of the intervention and subsequent comparisons of comparative effectiveness, follow-up time was reduced for outcome
ascertainment (Supplement 2). After the modification, the primary study outcome time frame was modified to within 3 years,
and actual follow-up time for participants ranged from 30 to
40 months depending on the initial screening invite wave.
Colonoscopies with poor prep or without cecal intubation are insufficient and thus were not considered toward
screening process completion, nor were FITs that could not be
processed (eg, too old or an inadequate specimen). Tests completed as a result of outreach as well as those completed
through usual care for any indication were included. Sociodemographics, clinical characteristics, and study outcomes were
ascertained from Parkland’s EHRs, as was screening participation (ie, both test orders and results). Race/ethnicity in the
EHR was based on self-report at the time of initial patient registration and categorized as non-Hispanic white, black, Hispanic white, Asian, or other. This data was included to help describe the study population. Race/ethnicity was included
because of the higher CRC incidence and lower screening rates
in racial/ethnic minorities.
Secondary outcomes, defined a priori, included (1) proportions of participants with any adenomas and advanced neoplasia and (2) screening harms, including perforation or postcolonoscopy bleeding. Polyp histology was determined from
pathology records, with interpretations performed by gastrointestinal-trained pathologists through routine care. Advanced neoplasia was defined as adenomas larger than 1 cm,
sessile serrated adenomas, adenomas containing high-grade
dysplasia or villous histology, or invasive CRC. Presence of adenomas and advanced neoplasia were determined using EHR
data; CRC cases were confirmed to not be missed by EHR data
by checking state registry data. Cost-effectiveness of each strategy for promoting screening process completion was an a priori
outcome but is not included in this article.
Three post hoc secondary analyses were performed using
more-liberal definitions of screening process completion. First,
an analysis was performed comparing screening process
completion among participants screened through outreach efforts. Second, screening completion was defined using biennial FIT in years 1 and 3 or years 1 and 2, as recommended in
Europe,14 for those with negative results. Participants with abnormal FIT results were still required to undergo colonoscopy within 6 months. Third, comparison of receipt of any
screening (≥1 FIT or colonoscopy) over the 3-year period was
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Figure 1. Flow of Participants Through the Study
19 513 Individuals assessed for eligibilitya
13 514 Excluded
10 774 Did not meet inclusion criteria
7416 Up to date with colorectal
cancer screenings
2298 History of colorectal cancer,
inflammatory bowel disease,
polyps, or colectomy
700 Primary language other
than English or Spanish
360 No address or phone
number on file
2740 Not selected for randomizationb

FIT indicates fecal immunochemical
test.
a

Overall 19 514 individuals were
assessed for eligibility and 6000
were selected for randomization.
One individual was randomized
twice to the usual care group due to
multiple medical record numbers;
therefore, the individual was
excluded from the Figure.

b

Per a priori power calculations, the
target sample size was 6000
individuals. A random sample of
6000 individuals was taken from
the eligible population (n = 8740);
therefore, 2740 individuals were
not selected for randomization.

c

Lost to follow-up was defined as a
lack of subsequent visits at Parkland
Health and Hospital System (Dallas,
Texas).

5999 Randomizeda

2400 Randomized to receive
colonoscopy outreach
2400 Received colonoscopy
outreach

2400 Randomized to receive
FIT outreach
2400 Received FIT outreach

1199 Randomized to receive
usual carea
1199 Received usual care

1283 Lost to follow-upc
272 Lost in Year 1
543 Lost in Year 2
468 Lost in Year 3

1028 Lost to follow-upc
159 Lost in Year 1
426 Lost in Year 2
443 Lost in Year 3

665 Lost to follow-upc
158 Lost in Year 1
268 Lost in Year 2
239 Lost in Year 3

2400 Analyzed in primary analysis

2400 Analyzed in primary analysis

performed. A post hoc descriptive analysis of process failures
was performed at each step in the screening process.

Statistical Analysis
The Pearson χ2 test was used to compare screening process
completion, screening process failures, and screening outcomes (eg, number of adenomas) between groups. Sample
size calculations were determined a priori to compare
screening process completion across groups. As described in
Supplement 2, assumptions for proportions completing each
step of the screening process were based on available medical literature (eReferences 1-12 in Supplement 2). Under
these assumptions, the predicted screening process completion rates were 16.6% and 13.5% for the outreach groups,
yielding a difference of 3.1%. Although no prior studies compared FIT and colonoscopy outreach with the outcome of
screening process completion, prior studies of successful
CRC screening interventions report differences in screening
rates exceeding 3.1%.15 With 2400 persons assigned to the
FIT outreach group and 2400 to the colonoscopy outreach
group, an estimated 80% power was needed to detect
between-group differences of at least 3.1% in screening process completion, assuming screening process completions of
13.5% for colonoscopy outreach and 16.6% for FIT outreach
and a prespecified 2-sided α of .05. After Bonferroni correction to adjust for comparisons between the 3 groups,
an estimated 67% power was needed to detect a difference
in screening process completion proportions between the
2 intervention groups and more than 95% power to detect
differences between both intervention groups and the usual
care group at a 2-sided significance level of .017 (Supplejama.com

1199 Analyzed in primary analysis

ment 2). Participants without any subsequent visits at
Parkland Health and Hospital System were labeled as lost to
follow-up but retained in all analyses, consistent with the
plan for an intention-to-screen analysis. Missing data were
rare and reported as unknown. An intention-to-screen principle guided analyses, which were conducted with SAS
(SAS Institute), version 9.4.

Results
Study Population
Of 5999 individuals eligible for inclusion (median age, 56
years; women, 62%), 2400 were assigned to the FIT outreach group, 2400 to the colonoscopy outreach group, and
1199 to the usual care group (Figure 1 and Table 1). Participants were Hispanic (49%), black (24%), white (22%), and
had unknown race/ethnicity (0.6%). Of the randomized participants, 39% preferred the Spanish language, 7.0% had a
Charlson comorbidity score higher than 2, and all had 1 or
more primary care visit the year prior to randomization
(nearly one-third had >3 visits). Less than 2% received gastrointestinal subspecialty care the year before or after random assignment.

Primary Outcome
Screening process completion was achieved in 38.4% (95%
CI, 36.5% to 40.4%) of participants in the colonoscopy outreach group, 28.0% (95% CI, 26.2% to 29.8%) in the FIT
outreach group, and 10.7% (95% CI, 9.1% to 12.6%) in the
usual care group (Table 2). Compared with the usual care
(Reprinted) JAMA September 5, 2017 Volume 318, Number 9
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Table 1. Characteristics of Adult Participants Receiving Care at an Urban Safety-Net Hospital
Who Were Not Up to Date With Colorectal Cancer Screenings by Study Group
FIT Outreach,
No. of Participants (%)
(n = 2400)
Age, median (IQR), y
Women

56 (53-60)
1474 (61.4)

Colonoscopy Outreach,
No. of Participants (%)
(n = 2400)
55 (52-60)

Usual Care,
No. of Participants (%)
(n = 1199)
55 (52-59)

1494 (62.3)

744 (62.1)

261 (21.8)

Race/ethnicity
Non-Hispanic white

514 (21.4)

540 (22.5)

1162 (48.4)

1184 (49.3)

585 (48.8)

Black

594 (24.8)

558 (23.3)

272 (22.7)

Other or unknown

130 (5.4)

118 (4.9)

81 (6.8)

English

1478 (61.6)

1451 (60.5)

728 (60.7)

Spanish

922 (38.4)

949 (39.5)

471 (39.3)

0

1155 (48.1)

1151 (48.0)

553 (46.1)

1

887 (37.0)

901 (37.5)

456 (38.0)

2

192 (8.0)

181 (7.5)

103 (8.6)

≥3

166 (6.9)

167 (7.0)

87 (7.3)

Year prior to randomization

2 (1-3)

2 (1-3)

2 (1-3)

Year after randomization

1 (0-3)

2 (0-3)

1 (0-3)

Hispanic

Language

Charlson Comorbidity Indexa

Annual primary care physician visits,
median (IQR), No.

Abbreviation: FIT, fecal
immunochemical test;
IQR, interquartile range.
a

Receiving ≥1 gastrointestinal
subspecialty visit, median (IQR)
Year prior to randomization

20 (0.8)

26 (1.1)

13 (1.1)

Year after randomization

35 (1.5)

35 (1.5)

18 (1.5)

Charlson Comorbidity Index was
derived using International
Classification of Diseases,
Ninth Revision, codes from the
Parkland Health and Hospital
System (Dallas, Texas) electronic
health record data during the 12 mo
prior to cohort entry.

Table 2. Proportion of Adult Participants Receiving Care at an Urban Safety-Net Hospital Who Were Not Up to Date With Colorectal Cancer Screenings
Who Completed the Colorectal Cancer Screening Processa Within 3 Years by Study Group

Completed screening process, No.
Screening process completion rates

FIT Outreach, % (95% CI)
(n = 2400)

Colonoscopy Outreach, % (95% CI)
(n = 2400)

Usual Care, % (95% CI)
(n = 1199)

671

922

128

28.0 (26.2-29.8)

38.4 (36.5-40.4)

10.7 (9.1-12.6)

Differences between groups in screening process completion rates
vs usual care

17.3 (14.8-19.8)

vs FIT outreach

Reference

Abbreviation: FIT, fecal immunochemical test.
a

Screening process completion was a composite outcome defined as 1 of the
following: (1) colonoscopy completed with no cancer detected, (2) cancer
detected by colonoscopy and treatment evaluation completed within 2 mo,

group, screening process completion was 27.7% (95% CI,
25.1% to 30.4%) higher in the colonoscopy outreach group
and 17.3% (95% CI, 14.8% to 19.8%) higher in the FIT outreach group and 10.4% (95% CI, 7.8% to 13.1%) higher for
the colonoscopy outreach group compared with the FIT outreach group (P < .001 for all comparisons).

Secondary Outcomes
Adenoma and advanced neoplasia detection rates differed by
study group (Table 3). Adenomas were detected in 344 participants (14.3%) in the colonoscopy outreach group, 128 (5.3%)
in the FIT outreach group, and 48 (4.0%) in the usual care
group. Advanced neoplasia was detected in 105 participants
(4.4%) in the colonoscopy outreach group, 49 (2.0%) in the FIT
outreach group, and 16 (1.3%) in the usual care group. Com810

27.7 (25.1-30.4)
10.4 (7.8-13.1)

17.3 (14.8-19.8)

(3) negative FIT result repeated annually for 3 y, (4) positive FIT result and
colonoscopy completed within 6 mo with no cancer detected, or (5) positive
FIT result, cancer detected by colonoscopy, and treatment evaluation
completed within 2 mo.

pared with the usual care group, detection rates were 10.3%
(95% CI, 9.5% to 12.1%) higher for adenoma and 3.1% (95% CI,
2.0% to 4.1%) higher for advanced neoplasia in the colonoscopy outreach group (P < .001 for both) and 1.3% (95% CI, −0.1%
to 2.8%) higher for adenoma and 0.7% (95% CI, −0.2% to 1.6%)
higher for advanced neoplasia in the FIT outreach group
(P = .08 and P = .13, respectively). The differences between outreach groups were 9.0% (95% CI, 7.3% to 10.7%) for adenoma
and 2.4% (95% CI, 1.3% to 3.3%) for advanced neoplasia
(P < .001 for both). Among participants with any screening, the
colonoscopy outreach group yielded 19.2% (95% CI, 16.4% to
22.0%) higher adenoma detection and 5.0% (95% CI, 3.3% to
6.8%) higher advanced neoplasia detection than the FIT outreach group. Among those who completed the screening process, adenoma and advanced neoplasia detection rates were
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Table 3. Colorectal Cancer Screening Outcomes Among Adult Participants Receiving Care at an Urban
Safety-Net Hospital Who Were Not Up to Date With Colorectal Cancer Screenings by Study Group
FIT Outreach,
No. of Participants (%)
(n = 2400)

Colonoscopy Outreach,
No. of Participants (%)
(n = 2400)

Usual Care,
No. of Participants (%)
(n = 1199)

Any polyp

168 (7.0)

504 (21.0)

64 (5.3)

Any adenoma

128 (5.3)

344 (14.3)

48 (4.0)

49 (2.0)

105 (4.4)

16 (1.3)

42 (1.7)

95 (4.0)

13 (1.1)

7 (0.3)

10 (0.4)

3 (0.2)

Advanced neoplasiaa
Advanced adenomaa
Colorectal cancer

17.8% (95% CI, 13.5% to 22.1%) higher for adenoma and 3.7%
(95% CI, 0.8% to 6.5%) higher for advanced neoplasia for the
colonoscopy outreach group vs the FIT outreach group. There
were not any screening-related harms in any group.
In a post hoc analysis only including participants
screened through outreach efforts, screening process
completion was 15.4% (95% CI, 12.8% to 18.0%) higher for
the colonoscopy outreach group than the FIT outreach
group (33.7% for the colonoscopy outreach group vs 18.3%
for the FIT outreach group, P < .001). Of those who completed the screening process, only 1.0% (n = 9) in the colonoscopy outreach group completed an annual usual care
FIT, whereas 33.1% (n = 222) in the FIT outreach group
instead completed colonoscopy via usual care.
In post hoc analyses with less-stringent definitions for
screening process completion, the colonoscopy outreach
group had 0.5% (95% CI, −2.2% to 3.4%) lower screening
process completion than the FIT outreach group if requiring
biennial FIT (41.0% for the colonoscopy outreach group vs
41.5% the FIT outreach group, P = .68). Any screening
receipt over the study period was intermediate (51.7% [95%
CI, 49.7% to 53.7%]) in the colonoscopy outreach group;
highest (65.0% [95% CI, 63.0% to 66.8%]) in the FIT outreach group and lowest (39.0% [95% CI, 36.2% to 41.7%]) in
the usual care group.

Screening Process Failures
There were screening process failures at multiple steps in
the screening process in each group (Figure 2). In the colonoscopy outreach group, nearly half of the participants
(n = 1056; 44.0%) did not initiate screening, 27 (1.1%) had
incomplete colonoscopy without cecal intubation, 23 (1.0%)
had inadequate prep quality, and 18 (0.8%) had both incomplete colonoscopy and inadequate prep quality. Among participants in the colonoscopy outreach group who opted for
FIT via usual care, 319 only underwent intermittent FIT
(with 250 undergoing 1 FIT and 69 undergoing FIT in only 2
of 3 years). Among 54 participants with an abnormal FIT
result, 35 (64.8%) did not have a timely follow-up colonoscopy (22 underwent colonoscopy after 6 months, 12 did not
undergo colonoscopy, and 1 had an inadequate colonoscopy
due to a lack of cecal intubation). All participants in the colonoscopy outreach group who were found to have CRC
(n = 10) had a timely treatment evaluation.
Among participants assigned to the FIT outreach group,
724 (30.2%) did not initiate screening. More than one-third
(n = 888; 37.0%) of participants only underwent intermittent
jama.com

Abbreviation: FIT, fecal
immunochemical test.
a

Advanced neoplasia was defined as
advanced adenoma (adenoma >1 cm
or with high-grade dysplasia or
villous histology) or colorectal
cancer.

FIT (522 had 1 FIT and 366 had FIT in only 2 of 3 years).
Among 162 participants with an abnormal FIT result, 108
(66.7%) did not have a timely follow-up colonoscopy (17
underwent colonoscopy after 6 months, 83 did not undergo
colonoscopy, and 8 had inadequate colonoscopies due to a
lack of cecal intubation or inadequate prep quality). Of participants in the FIT outreach group who opted for colonoscopy via usual care, 2 were incomplete without cecal intubation and 7 had inadequate prep quality. All participants in
the FIT outreach group who were found to have CRC (n = 7)
had a timely treatment evaluation.
Among participants in the usual care group, 697 (58.1%)
did not initiate screening, 4 (0.3%) underwent colonoscopy
without cecal intubation, and 7 (0.6%) had inadequate prep
quality. There were 339 (28.3%) participants who only
underwent intermittent FIT screening, and among the 30
participants with an abnormal FIT result, 24 (80%) did not
have a timely follow-up colonoscopy (10 underwent colonoscopy after 6 months and 14 did not undergo colonoscopy). All 3 usual care participants (0.3%) with CRC had a
timely treatment evaluation.

Discussion
In this pragmatic randomized clinical trial among adults aged
50 to 64 years who were receiving primary care in an urban
safety-net health system, both mailed outreach interventions encouraging FIT and encouraging colonoscopy increased the proportion of individuals who completed the CRC
screening process within 3 years compared with usual care.
Colonoscopy outreach was more effective than FIT outreach
for screening process completion, from screening initiation to
repeat screening and diagnostic evaluation. However, screening process completion for both outreach groups remained below 40%, highlighting the potential for further improvement. Higher screening process completion among participants
in the colonoscopy outreach group translated to higher adenoma and advanced neoplasia detection, although there was
no difference in cancer detection.
Although the primary outcome of screening process
completion is a more rigorous and clinically important outcome than 1-time screening, it remains an imperfect surrogate for reduced mortality—the ultimate goal of cancer
screening. There was a higher proportion of adenomas and
advanced neoplasia in the colonoscopy outreach group;
however, the trial was not powered to evaluate differences
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Figure 2. Flow of Incomplete Colorectal Cancer Screening Processes by Study Group
A Colonoscopy outreach group

886 No cancer detected

962 Underwent
colonoscopy

8 Cancer detected;
completed treatment
evaluation

68 Had incomplete
colonoscopy
2400 In colonoscopy
outreach group

1344 Underwent
screening

328 Had a negative
FIT result

9 Completed 3
FITs in 3 y

1056 No screening
319 Did not repeat
FIT annually
for 3 years

382 Had at least
1 FIT

54 Had a positive
FIT result

19 Underwent
colonoscopy

35 No colonoscopy

B

18 No cancer detected
1 Cancer detected;
completed treatment
evaluation

FIT outreach group
219 No cancer detected

231 Underwent
colonoscopy

3 Cancer detected;
completed treatment
evaluation

9 Had incomplete
colonoscopy
2400 In FIT outreach
group

1676 Underwent
screening

1283 Had a negative
FIT result

395 Completed 3
FITs in 3 ya

724 No screening
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FIT annually
for 3 years
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162 Had a positive
FIT result

54 Underwent
colonoscopy

108 No colonoscopy
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50 No cancer detected
4 Cancer detected;
completed treatment
evaluation visit

Usual care group
125 Underwent
colonoscopy

114 Underwent
colonoscopy
11 Had incomplete
colonoscopy

1199 In usual care
group

502 Underwent
screening

347 Had a negative
FIT result

111 No cancer detected
3 Cancer detected;
completed treatment
evaluation

8 Completed 3
FITs in 3 y

697 No screening
339 Did not repeat
FIT annually
for 3 years

377 Had at least
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30 Had a positive
FIT result

6 Underwent
colonoscopy

6 No cancer detected
0 Cancer detected

24 No colonoscopy

FIT indicates fecal immunochemical test. Yellow boxes indicate screening process failures.
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Participants who completed 3 FITs in 3 years did so by outreach only (60%; n = 237), combination of outreach and usual care (39.2%; n = 155), and usual care only
(0.8%; n = 3).
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in early CRC detection. The CONFIRM16 and COLONPREV17
trials are ongoing multicenter studies comparing colonoscopy and FIT for early CRC detection and mortality, but they
are years away from reporting. In the absence of data on
long-term outcomes for FIT-based vs colonoscopy-based
screening strategies, these results suggest colonoscopy outreach may be particularly effective for promoting screening
process completion in health systems with sufficient endoscopic capacity.
Although studies suggest FIT invitations are more effective than colonoscopy outreach for 1-time screening,3,18 participants in this study who were offered colonoscopy outreach had higher screening process completion and adenoma
detection when followed for a longer duration. FIT has lower
barriers to 1-time participation19,20 but requires annual screening and diagnostic evaluation of abnormal results. In contrast, colonoscopy is both a screening and diagnostic test, so
a single examination can satisfy screening process completion for up to 10 years. Although colonoscopy outreach was the
most-effective outreach strategy, this may not be scalable to
larger at-risk populations within health systems due to finite
endoscopic capacity,18,21 greater costs, and potential procedurerelated complications.22,23 Although the study’s follow-up period was longer than most studies, it was not sufficient to determine whether participants who had adenomas removed
underwent appropriate follow-up surveillance examinations. Similarly, FIT outreach may not be scalable in all health
systems due to costs.
Although the outreach strategies increased screening
process completion compared with usual care, screening
completion remained below 40% in both outreach groups.
The types of screening process failures at each step differed
by test. Although nearly half of the participants in the colonoscopy outreach group did not initiate screening, there
were minimal downstream process failures among participants who did. Fewer participants undergoing colonoscopy
may complete the screening process when considering longer periods because 3-year and 5-year surveillance colonoscopies would be required for those with higher-risk polyps.
Prior studies show underuse of surveillance colonoscopy in
up to 50% of eligible patients.24-26 In contrast, nearly 70% of
participants in the FIT outreach group initiated screening
but over one-third did not undergo repeat screening despite
free annual mailed kits. Two-thirds of participants in the FIT
outreach group also did not undergo diagnostic evaluation
after abnormal FIT results. These data are consistent with
prior studies demonstrating prevalent screening process failures, with 25% to 70% of patients who complete the initial
FIT not undergoing repeat testing and 20% to 50% of those
with an abnormal FIT result not receiving timely diagnostic
evaluation.4-6,27-29 However, follow-up of abnormal FITs in
this study was at the lower end of the spectrum, highlighting
the need to address these screening process failures to
improve FIT effectiveness.
These data can help clinicians weigh the pros and cons of
different CRC screening strategies in their patient population
and practice environment. It is important to consider
patients’ barriers to screening initiation when recommending
jama.com
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colonoscopy and the need for annual screening or diagnostic
colonoscopy when recommending FIT. From the health
system perspective, data on screening process failures can
help identify intervention targets to improve screening
effectiveness. Initiating colonoscopy screening may be
improved by patient-level (transportation assistance) or
system-level (reducing co-payment costs) interventions.30-32
Studies have demonstrated patient-level (education) and
system-level (automated reminders) interventions can
improve repeat FIT completion.10,33 Moreover, these data can
inform simulation studies comparing colonoscopy and FIT as
system-level screening strategies. A decision analysis conducted by the USPSTF concluded annual FIT provides similar
life-years gained as colonoscopy every 10 years, but this
assumed 100% adherence with screening and diagnostic
evaluation for strategies, so more-nuanced modeling studies
are needed.34
Although both outreach strategies significantly increased screening completion compared with usual care,
screening process completion remained below 40% in both
groups. Thirty-three percent of participants assigned to the FIT
outreach group who completed the screening process did so
via usual care colonoscopy, which suggests providing a choice
of screening modalities and shared decision making may be
an effective strategy.35-37 Inadomi and colleagues38 found that
providing patients a choice of screening modality increased
screening participation, although not statistically significant, compared with only offering a fecal occult blood test.
However, participation in the study required consent, potentially selecting for those interested in CRC screening and introducing volunteer bias, so it is possible providing choice
would have greater effect in a pragmatic trial setting.
This study has several strengths including its large sample
size, racially and socioeconomically diverse patient population, pragmatic study design avoiding volunteer bias, and innovation comparing colonoscopy vs FIT outreach to promote
screening process completion over several years.

Limitations
This study has several limitations. First, because this was a
pragmatic trial, mailed invitations were simple, 1-page letters and not in-depth decision aids. Second, the trial
included reserved colonoscopy appointment slots, which
may not be feasible if scaled to larger at-risk populations.
However, the number of slots for colonoscopies were designated to mirror waiting times for usual care participants
(median time from order to colonoscopy appointment, 106
days for colonoscopy outreach patients vs 101 days for usual
care patients). Third, participants could have received
screening at outside institutions, although this is highly
unlikely because nearly all of the participants’ insurance
arrangements only covered care within the safety-net
health system and these low-income individuals would be
very unlikely to pay out of pocket for cancer screening done
elsewhere. Fourth, the low absolute rates of screening may
be partly explained by participants’ beliefs about CRC
screening, moving, not following-up at Parkland, or having
contraindications to screening, which may be underrecog(Reprinted) JAMA September 5, 2017 Volume 318, Number 9
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nized given the pragmatic design of the trial. Fifth, differences in adenoma and advanced neoplasia detection were
partly driven by low proportions of diagnostic colonoscopy
after an abnormal FIT result but reflect challenges associated with screening with noninvasive tests such as FIT.
Sixth, colonoscopy indication could not be ascertained so
some colonoscopies in each group may have been diagnostic. In addition, the study was not powered to detect differences in CRC detection or mortality.
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