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BACKGROUND: Screening over many years is required to
optimize colorectal cancer (CRC) outcomes.
OBJECTIVE: To evaluate the effect of a CRC screening
intervention on adherence to CRC screening over 9 years.
DESIGN: Randomized trial.
SETTING: Integrated health care system in Washington
state.
PARTICIPANTS: Between August 2008 and November
2009, 4653 adults in a Washington state integrated
health care system aged 50–74 due for CRC screening
were randomized to usual care (UC; N =1163) or UC plus
study interventions (interventions: N = 3490).
INTERVENTIONS: Years 1 and 2: (arm 1) UC or this plus
study interventions; (arm 2) mailed fecal tests or informa-
tion on scheduling colonoscopy; (arm 3) mailings plus
brief telephone assistance; or (arm 4) mailings and assis-
tance plus nurse navigation. In year 3, stepped-intensity
participants (arms 2, 3, and 4 combined) still eligible for
screeningwere randomized to either stopped or continued
interventions in years 3 and 5–9.
MAINMEASURES: Time in adherence to CRC testing over
9 years (covered time, primary outcome), and percentwith
no CRC testing in participants assigned to any interven-
tion compared to UC only. Poisson regression models es-
timated incidence rate ratios for covered time, adjusting
for patient characteristics and accounting for variable
follow-up time.
KEY RESULTS: Compared to UC, intervention partici-
pants had 21% more covered time over 9 years (57.5%
vs. 69.1%; adjusted incidence rate ratio 1.21, 95% confi-
dence interval 1.16–1.25, P<0.001). Fecal testing
accounted for almost all additional covered time among
intervention patients. Compared to UC, intervention

participants were also more likely to have completed at
least one CRC screening test over 9 years or until censor-
ship (88.6% vs. 80.6%, P<0.001).
CONCLUSIONS: An outreach program that included
mailed fecal tests and phone follow-up led to increased
adherence to CRC testing and fewer age-eligible individu-
als without any CRC testing over 9 years.
TRIAL REGISTRATION: Systems of Support (SOS) to In-
crease Colon Cancer Screening and Follow-up (SOS),
NCT00697047, c l in ica l t r ia l s .gov/ct2/show/
NCT00697047
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BACKGROUND

Despite the potential of colorectal cancer (CRC) screening to
reduce CRCmortality, CRC remains the second-leading cause
of US cancer deaths. In 2021, an estimated 150,000 adults will
be diagnosed with CRC, with 53,000 deaths.1,2

Randomized controlled trials3–8 and two meta-analyses
provide conclusive evidence that directly mailing fecal tests
to patients increases one-time CRC screening completion rates
by 22–28%.9,10 Few trials have tested whether an ongoing
mailed program improves screening adherence over time, with
the longest trials lasting only 3 years.11–13 Studies on longer-
term adherence to organized mailed fecal testing programs
lack comparison groups.14–20

We report the 9-year results of Systems of Support to
Increase Colorectal Cancer Screening and Follow-Up (SOS,
R01CA121125), which randomized age-eligible patients due
for CRC screening to usual care (UC) or mailed fecal tests,
with some patients randomized to mailed fecal tests and
stepped-intensity interventions (reminder calls, or reminder
calls plus navigation). In years 3–9, patients randomized to
UC continued to receive this only, whereas mailed plus
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stepped intervention patients who were still due for screening
were re-randomized to continued or stopped interventions.
Our a priori hypothesis was that compared to UC only, expo-
sure to any SOS intervention would increase time in adherence
with CRC screening guidelines up to 9 years after randomiza-
tion. Secondarily, we assessed intervention effects on the
percent of individuals with no CRC tests.

METHODS

Data were collected from August 2008 to December 2019.21

The Kaiser Permanente Washington (KPWA) Institutional
Review Board approved procedures. Methods, recruitment,
and results of the parent 2-year study are published.6,22,23

Enrollment

The setting was 21 primary care centers of KPWA, a Wash-
ington state integrated health system. Initial recruitment letters
were mailed to 15,451 patients aged 50–74 who were due for
CRC screening (no colonoscopy within the past 9 years, no
flexible sigmoidoscopy within 4 years, and no fecal test within
9 months) based on electronic health record (EHR) and claims
data. Individuals with EHR evidence of prior CRC, inflam-
matory bowel disease, or life-limiting illnesses (e.g., demen-
tia) were excluded. Mailings were followed by a call to con-
firm eligibility and willingness to participate.

Randomization

Those verbally agreeing were enrolled (waiver of written
consent) and randomized to UC only or UC plus mailed and
stepped-intensity interventions for up to 9 years (Fig. 1). Year
1 randomization was stratified by clinic, age (50–64, 65–74
years), and self-reported prior CRC testing. A study database
randomized enrolled individuals within each stratum using a
permuted block design with randomization concealed. Due to
the nature of the intervention, participants could not be
blinded.

Usual Care

KPWA usual care included clinic-based strategies to promote
CRC screening including an annual physician-signed letter
and information on overdue tests including CRC screening.
Beginning in 2010, KPWA primary care medical centers were
certified as Patient-Centered Medical Homes. Activities in-
cluded medical assistants determining at the time of clinic
visits if patients were due for CRC screening and providing
a fecal test or provider colonoscopy discussion. Outreach
included reminder calls about needed care and potentially
mailing patients fecal tests. Activity completeness, including
reminder calls and mailing fecal tests, varied by clinic and
medical assistant/physician teams.24

In 2011, KPWA and SOS switched from a high-sensitivity
3-sample guaiac kit (Hemoccult SENSA®, Beckman Coulter)

to a 1-sample fecal immunochemical test (FIT) (OC-auto®,
Polymedco).

Interventions
Years 1 and 2. The least intensive intervention arm 2
(mailed) received mailed fecal tests with postage paid
envelopes and a number to call if colonoscopy or flex-
ible sigmoidoscopy was preferred. Arm 3 (assisted) re-
ceived mailings plus, for those still unscreened, brief
phone assistance from a medical assistant to complete
their CRC screening test choice. Arm 4 (navigated)
received mailed and assisted interventions plus, for
those still unscreened, nurse navigator support for over-
coming screening barriers. Year 1–2 outcomes and com-
parative cost-effectiveness have been published.6,25

Years 3 and 5. Participants originally randomized to arms 2, 3,
or 4 who were still enrolled and still CRC-screening-eligible
were re-randomized in year 3 to continued or stopped mailed
interventions.26 Randomization was stratified by prior ran-
domization arm, clinic, and fecal test completion in year 1 or
2 (yes/no). In years 3 and 5, continued-arm participants re-
ceived interventions identical to the year 1 and 2 mailed-only
interventions with no brief phone assistance or nurse naviga-
tion. Stopped-arm patients no longer received study interven-
tions. Year 3 and 5 study results are published.26,27 Year 4 had
no interventions because of a funding gap.

Years 6–9. Nurse navigation was added to the continued
mailed intervention in years 6–9; support followed the arm 4
intervention from years 1–2. However, support also empha-
sized barriers identified in year 5 qualitative assessments of
reasons for non- or intermittent CRC screening completion
after receipt of at least 3 mailed fecal tests.28 For example, the
navigator might suggest leaving the FIT kit on the bathroom
counter for a patient who kept forgetting, or might send
disposable gloves to a patient concerned about handling stool.
The nurse told patients they would call back in 1 month if the
FIT was not completed. The nurse also assisted with steps for
colonoscopy completion, if preferred by the patient (e.g.,
referral, appointment, preparation, transportation).

Measures and Outcomes

Baseline data were from EHRs (e.g., age, sex, comorbidity)
and patient self-report at the baseline eligibility call (e.g., race,
ethnicity, education). CRC testing before randomization was
collected using EHR data and self-report of a prior fecal test,
flexible sigmoidoscopy, or colonoscopy.
The primary outcome was the proportion of follow-up

time in adherence with CRC screening guidelines (cov-
ered time) during 9 years of follow-up.29,30 Primary
outcome data including colonoscopy, flexible sigmoidos-
copy, and fecal test completion were collected from
EHR and claims data.
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Participants randomized to UC (arm 1) were compared to
those initially randomized to any intervention (arms 2, 3, and 4
combined) regardless of randomization in year 3 to stopped or
continued interventions for years 3–9 (Supplementary Mate-
rial, Protocol). Follow-up time was total number of days from
randomization to the end of 9 years, or until a censoring event.
Censoring occurred at disenrollment, study withdrawal, death,
age 76, or CRC diagnosis. Consistent with KPWA screening
guidelines, the number of days in adherence was calculated as
1 year, 5 years, and 10 years of screening coverage credit from
completion date for, respectively, a fecal test, flexible sig-
moidoscopy, or colonoscopy, until the end of study follow-

up. If coverage periods from repeated testing overlapped,
coverage during the overlap period was attributed to the earlier
test.
A study investigator who was blinded to randomization

group manually abstracted colonoscopy outcomes from the
EHR, including recording if a biopsy was done at the time of
endoscopy and, if so, the lesion size and pathology, focusing
on adenomas and dysplasia. Adenomas were considered ad-
vanced if ≥1 cm on colonoscopy or sigmoidoscopy, or they
had villous features or severe dysplasia, or if 3 or more smaller
adenomas were removed. CRC was identified using diagnosis
codes and a linkage with the local Surveillance,

Figure 1 Systems of support to increase colorectal cancer screening and follow-up flow diagram for years 1 to 9. *Individuals with a prior
colonoscopy or who had a flexible sigmoidoscopy with an adenoma removed or a positive fecal test were not eligible for year 3 randomization.
†Ineligibility condition; detected after randomization (e.g., dementia). ‡Other; randomized in error (i.e., colonoscopy within 9 years of initial
randomization). §Randomization to stopped or continued in year 3 occurred on the date the participant was due for their third round of annual

screening. lIntervention group participants did not receive study interventions in year 4. CRC, colorectal cancer; y, year.

1075Green et al.: 9-Year Adherence to Colorectal Cancer ScreeningJGIM



Epidemiology, and End Results tumor registry.31 Patients
were classified as having late-stage cancer if diagnosed with
American Joint Committee on Cancer IIIB or higher, or stage
IIIA or lower but with evidence on chart review of metastasis
or death from CRC. Information on death fromCRCwas from
chart review.

Analysis

Comparisons between UC versus any SOS intervention group
followed a modified intent-to-treat approach, with analyses
including all participants except for those withdrawing con-
sent (n=2) or randomized in error (n=20). We used Poisson
regression to estimate the primary outcome of covered time,
with number of covered days as the dependent variable and
number of follow-up days as the offset parameter. The offset
parameter allowed estimation of the adherence rate (propor-
tion of observed time adherent) for censored data where par-
ticipants had varying lengths of follow-up time. A binary
indicator of intervention group (UC vs. any intervention)
was included in the model to estimate treatment effects. Mod-
els were adjusted for age, sex, race, and education.
Whether a participant received any CRC test over 9 years

was a secondary outcome. Poisson regression was used with a
binary indicator for any testing as the dependent variable and
number of follow-up days as the offset parameter with models
adjusted for the same covariates as the covered time analysis.
Interaction terms between randomization group (UC vs. inter-
vention) and baseline age (50–64 vs. 65–74 years), sex, edu-
cation, race/ethnicity (white, non-Hispanic vs. non-White or
Hispanic), and CRC screening prior to SOS enrollment were
added to test for differences in intervention effects on the
primary outcomes by these subgroups. Each interaction was
evaluated in a separate model.
Exploratory analyses were conducted to better understand

testing patterns during the 9 years of follow-up. For each study
year, we defined two annual measures of adherence: percent
covered time in the past year and cumulative percent covered
time since initial randomization. Both measures were parti-
tioned into covered time due to fecal testing, flexible sigmoid-
oscopy, and colonoscopy, with mean percent covered time
plotted by year. Additional exploratory analysis examined
testing completed during each study year among those still
needing screening. This differed from covered-time analyses
by assessing new testing (i.e., no credit for testing in prior
years) among the subset of the population still needing screen-
ing and not censored. Poisson models with binary testing
indicators as the dependent variable and days of follow-up in
the study year as the offset parameter assessed the significance
of intervention effects on annual testing.
In descriptive analyses, we summarized screening out-

comes by classifying each participant to the most advanced
diagnosis during the study as: CRC death or metastatic CRC,
non-metastatic CRC, advanced adenoma, non-advanced ade-
noma, colonoscopy or sigmoidoscopy without adenomas,

positive fecal test with no colonoscopy follow-up, fecal test
not positive, and no screening during study participation. For
these outcomes, participants were censored at death from other
causes, disenrollment, or opting out of participation (age >75
years was not censored).

RESULTS

The analytic sample comprised 4653 participants (UC only =
1163, Interventions = 3490) contributing CRC testing data
(Fig. 1) with 2133/4653 (45.8%) contributing 9 years of
complete data. Intervention and UC groups were not different
in the percent with censoring events (54.1% and 54.2%,
respectively) or average length of follow-up (6.5 years).
Groups were similar in age, sex, race/ethnicity, self-rated

Table 1 Baseline Characteristics and Follow-up Duration by
Randomization Group. Missing Data: Race/Ethnicity (n=27); Gen-
eral Health Status (n=6); Marital Status (n=7); Education (n=4);

Family History (n=72)

Usual
care†

Intervention‡

N=1163 N=3490

n (%) n (%)

Age at baseline (years)
50–64 989 (85.0) 2977 (85.3)
65–74 174 (15.0) 513 (14.7)
Female 652 (56.1) 1887 (54.1)
Race/ethnicity
Hispanic 43 (3.7) 110 (3.2)
Non-Hispanic
Black 44 (3.8) 184 (5.3)
Asian 64 (5.6) 173 (5.0)
White 948 (82.3) 2780 (80.0)
Other 53 (4.6) 227 (6.5)

General health
Excellent/very good 720 (62.0) 2208 (63.3)
Good 337 (29.0) 1050 (30.1)
Fair/poor 104 (9.0) 228 (6.5)
Married or living with a partner 835 (72.0) 2595 (74.4)
Highest education
High school graduate or equivalent, or
less

190 (16.4) 508 (14.6)

Some college, 2-year degree, or voca-
tional training

368 (31.7) 1097 (31.5)

Bachelor’s degree or higher 603 (51.9) 1883 (54.0)
Primary health insurance
Medicaid/Basic Health 19 (1.6) 31 (0.9)
Commercial 907 (78.0) 2816 (80.7)
Medicare 146 (12.6) 365 (10.5)
Private pay 91 (7.8) 278 (8.0)
Never been screened for CRC 537 (46.2) 1620 (46.4)
First degree relative with CRC 55 (4.8) 158 (4.6)
Follow-up duration (days), mean (sd) 2384

(1075)
2375 (1084)

Follow-up duration (years), mean (sd) 6.5 (3.0) 6.5 (3.0)
Censored during 9-year follow-up, n
(%)§

629 (54.1) 1891 (54.2)

†Usual care includes all participants initially randomized to arm 1 and received no

interventions throughout the study

‡Intervention includes all participants initially randomized to arms 2, 3, or 4 in year 1, and

the subgroups randomized to stopped or continued interventions in year 3

§Censored for disenrollment, death, aged greater than 76, opted out of
participation, CRC diagnosis
CRC colorectal cancer, sd standard deviation
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general health, marital status, education, and prior CRC
screening history at baseline (Table 1).
On average, the percent covered timewas greater among inter-

vention participants (69.1%, 95% confidence interval [CI] 68.1–
70.1) compared to UC (57.5%, 95% CI 55.6–59.5%; adjusted
incidence rate ratio [IRR] 1.21, 95% CI 1.16–1.25, P<0.001)
(Table 2). Intervention participants were also significantly more
likely to have completed at least one CRC test compared to UC
(88.6% vs. 80.6%, P<0.001) over 9 years or until censoring.
Almost all additional coverage was due to increased fecal

testing, with the intervention group completing significantly
more fecal tests every year except year 4 when no interven-
tions were offered (Table 3). Cumulative covered time in-
creased in both groups over time (Fig. 2). Differences between
groups were greatest in years 1 and 2 when everyone in the
study intervention groups received mailed only or mailed plus
stepped interventions. While the difference between groups
became smaller over time, intervention group cumulative per-
cent covered time remained higher than UC (Fig. 2).
Intervention effects on covered time did not differ signifi-

cantly by patient characteristics. Of the nonsignificant
increases in intervention effects on covered time, the largest
arose among the combined non-White or Hispanic group
compared to White (non-White or Hispanic IRR 1.31 vs.
non-Hispanic White, IRR 1.19; P=0.07) (Supplementary
Table 1). Little variation appeared among any subgroups for
proportion of individuals ever receiving any screening during
follow-up (Supplementary Table 2).
Follow-up diagnostic colonoscopy within 6 months of a

positive fecal test was not significantly different between UC
and intervention groups (77.8% and 73.6%, respectively, data
not shown). The percent of patients with metastatic CRC or
CRC death, early stage CRC, and advanced adenomas was
similar between groups (Supplementary Table 3).
Hospitalizations and deaths within 30 days of a colono-

scopy were tracked in years 1 and 2 of the study, and deaths
years 1 through 9, with no hospitalization or deaths related to
study interventions.

DISCUSSION

We demonstrated that an ongoing centralized mailed interven-
tion resulted inmore than 20% higher of time adherent to CRC

Table 2 Cumulative Covered Time and Percent with No Screening
by Randomization Group. Covered Time Was Measured from
Randomization Until the End of 9 Years of Study Follow-up or
Censoring at Disenrollment, Death, Aged Greater Than 76, CRC
Diagnosis, or Opting Out of Participation. Adjusted for Baseline

Age, Sex, Race, and Education

Usual
Care
N=1163

Intervention
N=3490

Intervention
vs. usual care

P

% (95%
CI)

% (95% CI) IRR (95%
CI)

Covered
time

57.5
(55.6,
59.5)

69.1 (68.1,
70.1)

1.21 (1.16,
1.25)

<0.001

Receiving
any
screening

80.6
(78.5,
82.8)

88.6 (87.3,
89.9)

1.11 (1.07,
1.14)

<0.001

IRR incidence rate ratio, CI confidence interval

Table 3 Types of Testing By Year Among Participants Eligible for
CRC Screening. If a Participant Had a Combination of Fecal Tests,
Flexible Sigmoidoscopy, or Colonoscopy, Fecal Test Was Counted
Only If It Is The First Test. Sigmoidoscopy and Colonoscopy Were
Always Counted. Therefore, the Total Number Tested May Be Less
Than the Sum of Fecal Test + Flex Sig/Colonoscopy Rows, Due to

Those Who Received Fecal Then Endoscopic Testing

Usual
Care

Intervention P-
value‡

N=1163 N=3490

Year 1
Eligible for screening†, N 1163 3490
Fecal test, n (%) 299 (25.7) 2110 (60.5) <0.001
Flex sig/colonoscopy§, n
(%)

227 (19.5) 650 (18.6) 0.55

Year 2
Eligible for screening†, N 870 2636
Fecal test, n (%) 177 (20.3) 1389 (52.7) <0.001
Flex sig/colonoscopy§, n
(%)

116 (13.3) 307 (11.7) 0.21

Year 3
Eligible for screening†, N 712 2171
Fecal test, n (%) 193 (27.1) 830 (38.2) <0.001
Flex sig/colonoscopy§, n
(%)

60 (8.4) 172 (7.9) 0.60

Year 4
Eligible for screening†, N 591 1819
Fecal test, n (%) 199 (33.7) 694 (38.2) 0.13
Flex sig/colonoscopy§, n
(%)

44 (7.5) 135 (7.4) 0.77

Year 5
Eligible for screening†, N 500 1583
Fecal test, n(%) 230 (46.0) 874 (55.2) <0.001
Flex Sig/Colonoscopy§,
n(%)

27 (5.4) 95 (6.0) 0.64

Year 6
Eligible for screening†, N 431 1339
Fecal test, n (%) 194 (45.0) 831 (62.1) <0.001
Flex sig/colonoscopy§, n
(%)

13 (3.0) 64 (4.8) 0.13

Year 7
Eligible for screening†, N 395 1228
Fecal test, n (%) 208 (52.7) 808 (65.8) <0.001
Flex sig/colonoscopy§, n
(%)

7 (1.8) 68 (5.5) 0.005

Year 8
Eligible for screening†, N 350 1039
Fecal test, n (%) 203 (58.0) 690 (66.4) 0.004
Flex sig/colonoscopy§, n
(%)

11 (3.1) 55 (5.3) 0.09

Year 9
Eligible for screening†, N 303 873
Fecal test, n (%) 168 (55.5) 583 (66.8) 0.001
Flex sig/colonoscopy§, n
(%)

10 (3.3) 33 (3.8) 0.39

†Eligible for screening in a year if had not received a flexible sigmoidoscopy or colonoscopy,

a positive fecal test, or been censored (diagnosis of CRC, died, reached age 76, or disenrolled

from the health plan) in a prior year

‡P-values from separate Poisson models for each year and type of test, with follow-up time as

offset parameter, adjusted for age, sex, race, and education. Models limited to individuals

eligible for screening in a given year

§Colonoscopy accounted for most testing reported in the “Flex sig/
colonoscopy” rows. The number of flexible sigmoidoscopies were as
follows: year 1 UC=52, intervention=169; year 2 UC=7, interven-
tion=24; year 3 UC=0, intervention=7; year 4 UC=2, intervention=4;
year 5 UC=0, intervention=5; year 6 UC=0, intervention=1; years 7–9
UC=0, intervention=0. CRC colorectal cancer, flex sig flexible
sigmoidoscopy
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screening guidelines compared to UC over 9 years. Further,
the interventions increased the percent of patients receiving
CRC testing by almost 8%.
Differences between groups in adherence were due almost

entirely to increased uptake in fecal testing. Screening adher-
ence defined as the cumulative proportion of time covered
increased steadily in the UC-only group, particularly after
KPWA switched from guaiac to FIT screening. However,
screening adherence in the UC-only group (which included
clinic-based interventions to increase CRC screening) never
caught up to the intervention group, resulting in lower adher-
ence over the 9 years of follow-up.
Our study is the first randomized controlled implementation

CRC screening trial we know of with 9 years of follow-up.
Prior studies looked at adherence over shorter times. Singal
et al., in a safety-net integrated health system, randomized
5999 individuals aged 50–64 to receive mailed FITs annually
over 3 years, colonoscopy outreach, or UC with clinic-based
screening.11 Screening adherence, defined as completion of
colonoscopy or FIT annually over 3 years, was significantly
greater in the colonoscopy outreach (38.4%) and the mailed
FIT arms (28.0%) than UC (10.7%). Time in adherence was
not accounted for, with full credit given for completing a
colonoscopy regardless of time without screening, and no
credit given to individuals completing one or two annual FITs.
Liang et al., in a community safety-net setting, randomized

997 individuals aged 50–70 to receive guaiac fecal tests an-
nually over 3 years, colonoscopy, or a choice between FIT and
colonoscopy.12 All groups were offered patient navigation in
year 1, with assistance in completing fecal or colonoscopy
testing. Screening adherence was defined as completion of
colonoscopy in year 1 or fecal testing in all 3 years and was

significantly higher in colonoscopy (38%) and choice (42%)
groups, compared to fecal testing (14%). A potential advan-
tage of colonoscopy is the 10 years of average-risk screening
coverage, whereas fecal testing needs to be repeated annually.
SOS participants were offered choices but increases in long-
term adherence weremainly from repeated completion of fecal
testing.
To our knowledge, prior CRC screening trials have not

looked at proportion of time covered. This measure is valuable
because it gives a more complete picture of longitudinal
adherence as it reflects delays and gaps in screening.29,30

Our intervention improved longitudinal adherence, measured
as proportion of time covered overall, and among individuals
identifying their race/ethnicity other than White. Similar to
SOS, Mehta et al., in an evaluation of a large US CRC mailed
FIT screening program, found that all racial/ethnic groups had
marked increases in CRC screening rates as a result of the
program.32

We previously demonstrated in SOS that, compared to
UC, mailed-only interventions led to large increases in
screening adherence over the first 2 years (24.5%, 95%
CI 20.6–28.4), with smaller incremental increases for
mailed plus phone assistance compared to mailed-only
interventions (6.7%, 95% CI 2.7, 10.7), and nurse nav-
igation compared to mailed plus assistance (7.2, 95% CI
3.4, 11.0).6 Mailed-only intervention was cost saving
and nurse navigation was low cost per additional person
screened.25 Even though our stepped approach ensured
that only those with most need (e.g., not responding to
mailings) received nurse navigation, health systems and
community clinics may be challenged in finding these
resources.33

Figure 2 Cumulative percent covered time by colorectal cancer test type in the usual care and intervention arms. In this figure, the cumulative
percent covered time for a given year is defined as the number of days of covered time from baseline through the end of that year, divided by

the total follow-up time for that person, from baseline through the end of that year or censor date.
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We also demonstrated in two separate studies that mailed
fecal testing programs can be successfully implemented in
Federally Qualified Health Centers and by Medicaid health
plans, and were effective across groups by ethnicity, income,
and insurance type (including uninsured).34,35 Successful
strategies included use of mail vendors and non-clinic or
quality improvement staff who had protected time to imple-
ment the program.36

Ultimately, the goal of a CRC screening program is to
reduce CRC mortality. Large-scale randomized controlled
efficacy trials37,38 and organized US and international mailed
fecal testing programs have showed declines in CRC mortal-
ity.39–42 These programs and our study provide evidence of
the benefits of organized CRC screening programs. However,
organized, ongoing CRC screening outreach is uncommon in
the USA, where most CRC screening is opportunistic. US
health systems are not reimbursed for implementing screening
programs, and long-term savings from reduction of CRC
treatment costs are not recouped short-term.33

The COVID-19 pandemic has dramatically highlighted the
need for broader implementation of mailed fecal testing pro-
grams. Organizations such as the US Department of Veterans
Affairs suspended all screening colonoscopies, but continued
FIT screening, reserving colonoscopies for individuals with
positive tests who are more likely to have CRC.43 COVID-19-
related screening delays may lead to a surge in late-stage CRC
and CRC death.44–46 Mailed FIT programs could mitigate this
risk.47

Study strengths include the pragmatic design, with the
program integrated into care delivery and outcomes collected
annually and over 9 years using EHR and claims data. Limi-
tations were that participants provided verbal consent in year
1, and therefore were “volunteers” potentially more responsive
to interventions.23 Also, patients had health insurance, were
mostly White and non-Hispanic, and had higher education
levels than the US population. Thus, our findings may be less
generalizable to other populations. Our outcome included
CRC tests regardless of indication (i.e., screening or diagnos-
tic) and some tests categorized as screening might have been
completed because of symptoms.48 However, since we would
not expect major differences in diagnostic testing across
groups, we attribute the observed differences between groups
to screening. Lastly, our study was complex. Our initial study
tested adherence to screening over 2 years and intervention
participants were re-randomized to stopped or continued
mailed interventions in years 3 and 5, this plus nurse naviga-
tion in years 6–9. By combining the stopped and continued
groups for comparison to UC only, our estimates for potential
achievements of an ongoing outreach program are
conservative.
In conclusion, our study is the first randomized controlled

trial to demonstrate that a centralized mailed screening pro-
gram increases adherence to guideline-recommended CRC
screening over 9 years. The centralized program also signifi-
cantly decreased the proportion of eligible individuals with no

CRC testing over 9 years. Our study provides additional
confirmation to a substantial body of evidence that under-
scores the need for organized CRC screening programs to be
a standard of care throughout the USA and worldwide.
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