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Abstract

Background: Colorectal cancer (CRC) screening remains underused, especially in safety-net systems. The objective of this
study was to determine the effectiveness, costs, and cost-effectiveness of organized outreach using fecal immunochemical

tests (FITs) compared with usual care.

Methods: Patients age 50-75years eligible for CRC screening from eight participating primary care safety-net clinics were
randomly assigned to outreach intervention with usual care vs usual care alone. The intervention included a mailed postcard
and call, followed by a mailed FIT kit, and a reminder phone call if the FIT kit was not returned. The primary outcome was
screening participation at 1 year and a microcosting analysis of the outreach activities with embedded long-term cost-effec-

tiveness of outreach. All statistical tests were two-sided.

Results: A total of 5386 patients were randomly assigned to the intervention group and 5434 to usual care. FIT screening was
statistically significantly higher in the intervention group than in the control group (57.9% vs 37.4%, P < .001; difference =
20.5%, 95% confidence interval = 18.6% to 22.4%). In the intervention group, FIT completion rate was higher in patients who
had previously completed a FIT vs those who had not (71.9% vs 35.7%, P < .001). There was evidence of effect modification of
the intervention by language, and clinic. Outreach cost approximately $23 per patient and $112 per additional patient
screened. Projecting long-term outcomes, outreach was estimated to cost $9200 per quality-adjusted life-year gained vs usual

care.

Conclusion: Population-based management with organized FIT outreach statistically significantly increased CRC screening
and was cost-effective in a safety-net system. The sustainability of the program and any impact of economies of scale remain

to be determined.

Colorectal cancer (CRC) is a leading cause of cancer deaths, yet
it is often preventable (1,2). Screening remains underused, espe-
cially among racial and/or ethnic minorities and low-income
populations (3). As a strategy, fecal immunochemical testing
(FIT) is accepted by many patients (4) and increasingly used to
support population-level screening (5,6). Because FIT testing
can be performed at home, CRC screening participation is an
ideal preventive health outcome to test the effectiveness and
cost of an organized approach to population-level outreach.

Received: February 21, 2019; Revised: April 30, 2019; Accepted: May 30, 2019

We sought to examine the effectiveness and cost of a cen-
trally organized outreach care model, using direct mailing of FIT
kits, to improve CRC screening in partnership with multiple pri-
mary care clinics serving safety-net patients. Studies to date
have examined FIT mailing, but data are scarce regarding im-
plementation effectiveness across varying clinics and popula-
tions, the influence of prior screening behavior, and the health
economics of such programs. In this study, we quantify the ef-
fectiveness of a FIT-based CRC screening outreach intervention

© The Author(s) 2019. Published by Oxford University Press. All rights reserved. For permissions, please email: journals.permissions@oup.com.
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within an integrated safety-net system, we determine the time
and costs required to deliver the intervention, and we project
the program’s clinical impact, cost, and cost-effectiveness over
the long term.

Methods

Study Setting

We performed a multisite, pragmatic, randomized, controlled
trial in a publicly funded integrated safety-net health system
providing services to low-income populations, the San
Francisco Health Network (SFHN). The SFHN consists of 12 adult
primary care clinics and one specialty medical center,
Zuckerberg San Francisco General Hospital. These clinics share
an electronic health record system and a centralized clinical
laboratory and refer to one gastroenterology unit.

The study team introduced the study protocol to the medical
directors, and eight agreed to allow random assignment of
empaneled patients to receive outreach intervention vs usual
care. Providers and staff were blinded to which patients were
assigned to the outreach intervention, although provision of the
FIT kit by the outreach team was documented in the electronic
medical records. Waiver of informed consent was approved by
the University of California San Francisco (institutional review
board, 14-14861, NCT02613260), and patients were enrolled be-
tween January 2016 and October 2017.

For asymptomatic patients at average risk for CRC, stool-
based screening is standard practice within the SFHN.
Colonoscopy is recommended for patients at increased risk for
CRC and those with abnormal stool-based tests. The FIT
brands used in the health system included the OC-Light,
which transitioned to OC-Auto Sensor (Polymedco CDP, LLC,
Cortlandt Manor, NY) in 2016.

Study Population

Patients age 50-75years who were not up to date with CRC
screening were eligible. Previously screened patients became
eligible 365 days after previous negative FIT, 5 years after pre-
vious normal sigmoidoscopy, and 10 years after previous nor-
mal colonoscopy. Patients were excluded if they were
homeless, had an abnormal FIT but no colonoscopy, colec-
tomy, late-stage cancer, or advanced comorbidities
(Figure 1).

Study Intervention

Patients were stratified by clinic, sex, race and/or ethnicity, and
prior FIT participation and then randomly assigned 1: 1 to out-
reach intervention or usual care (Figure 1). The study team per-
formed the outreach intervention. Outreach included an
informational postcard and up to two phone calls, followed by
mailing of a FIT kit packet, and then up to two reminder phone
calls if the FIT kit was not returned after 2 weeks. Phone calls
were performed during work hours with interpreter services
available for all languages. The FIT kit packet included a letter
with basic information about CRC, the FIT kit, glove, lab requisi-
tion, prepaid return envelope, and low-literacy wordless
instructions for completing the test (7). The reasons for not
returning the FIT kit were collected during reminder calls.
Written materials were provided in English, Spanish, and
Chinese.

Usual Care

Usual care was at the discretion of providers in the eight partici-
pating clinics. Clinics used medical assistants to offer FIT during
patient visits, and panel management software (i2i Population
Health, Franklin, TN) was available to identify patients due for
screening. Abnormal FIT results are automatically routed to the
patient’s primary care provider; follow-up of abnormal FIT
results and referral to colonoscopy was at the discretion of pri-
mary care providers.

Outcomes

FIT screening status was ascertained by laboratory test comple-
tion and results. Health service utilization is populated into the
electronic medical records. FIT completion and endoscopy pro-
cedures were available in real time and were extracted and
linked to the study database to ascertain the clinical outcomes.

Cost Accounting

Prospective cost accounting using a microcosting method was
embedded in the intervention arm. Microcosting, which
accounts for all the individual components that contribute to an
overall cost, distinguished the costs for one-time initial imple-
mentation, including initial capital costs and staff training, vs
ongoing outreach activities. Staff recorded time spent per spe-
cific outreach activity, based on categories previously defined
by the Centers for Disease Control and Prevention (8), and nor-
malized by the number of patients receiving outreach during
the three outreach cycles (February-March 2016, September—
October 2016, and June-July 2017). Average costs per patient
were estimated based on individual salaries and benefits of re-
sponsible staff and average costs of materials per patient.

Short-Term and Projected Long-Term Cost-Effectiveness

Short-term cost-effectiveness was estimated as the cost per
additional patient screened, a measure that incorporates the
impact of the intervention on screening participation. To esti-
mate the long-term clinical and economic impact of outreach,
we adapted our validated decision analytic model of CRC
screening (Supplementary Methods and Supplementary Figure
1, available online) (9,10). In brief, we modeled outreach vs
usual care with the screening rates at 1 year and costs ob-
served in the current study (Supplementary Table 1, available
online). The simulation’s time horizon was through age
100years or death, with screening offered from age 50 to
80years. Based on screening behavior through the second year
after randomization in this trial as well as published literature
(11-15), we estimated the fractions of consistent, intermittent,
and never-screeners over time under outreach vs usual care
(10). We accounted for imperfect follow-up colonoscopy rates
after abnormal FIT results, which was estimated to be 55.6%
based on published data from the SFHN (16). All screening and
treatment costs were based on 2018 Medicare reimbursement
rates. Primary model outcomes were discounted quality-
adjusted life-years (QALYs) and costs per patient. Sensitivity
analyses explored the range of intervention effects across indi-
vidual clinics, a range of outreach program costs, and the po-
tential impact of navigation (17,18) on follow-up colonoscopy
completion after abnormal FIT.
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+ Colonoscopy (n=2,691, 14.5%)

+ FIT positive (n=1,198, 6.5%)
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Not Enrolled in Study (n=2,028, 15.7%)
———| « Inactive (n=1,929, 15.0%)
+ Up to date with screening (n=99, 0.7%)

[ Allocation ]

Allocated to usual care (n=5,434)

Allocated to outreach (n=5,386)

v [ Intention-to-treat 1 v
L Analysis J

Analysed (n=5,434) |

| Analysed (n=5,386)

|
[ Follow-up ]
v

Outreach not clinically indicated
e Death (n=13)
e Up-to-date with colonoscopy (n=172)
e Screening deferred for a year (n=239)
e Inappropriate for screening (n=122)
Outreach not feasible
e Transferred care (n=262)
e Inactive after enroliment (n=279)
e Address incorrect in system (n=56)

[
[ Per-Protocol Analvsis ]

v

Analysed (n=4,243)

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. FIT = fecal immunochemical test.

Statistical Analysis

Patient demographic characteristics were summarized by treat-
ment group using proportions or means and SD and compared
using y? or t tests, as appropriate. All tests were two-sided, and
a P value of less than .05 was considered statistically significant.

The primary outcome was completion of FIT screening and
summarized by the proportions of patients who were up to date
1 year after study enrollment. This intention-to-treat analysis
included all patients assigned to outreach, regardless of
whether FIT kits were mailed. Evidence for modification of the
effect of the outreach intervention by clinic, sex, race and/or
ethnicity, insurance coverage, and language was examined us-
ing logistic models with interaction terms. Patients who were
lost to follow-up, defined as absence of an encounter over
2years or SFHN no longer designated as their medical home,

were assumed not to have completed FIT screening if the pa-
tient had not completed screening before being lost to follow-
up. For illustrative purposes, a cumulative incidence plot was
used to estimate the proportions up to date over time. The
between-group difference in proportions was determined and
the inverse of the between-group difference was used to esti-
mate the number needed to treat. In addition, we conducted a
per-protocol analysis excluding patients who were not sent a
FIT kit; reasons included an unreliable address (returned post-
card), no longer in the health network, death, or screening de-
ferred (Figure 1).

For patients who had abnormal FIT results and had at least
6 months of follow-up time, we examined the colonoscopy com-
pletion rate within the intervention and usual-care groups.
Finally, during reminder calls, the reasons for not being up to
date were collected and categorized (eg, forgot, already returned
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Table 1. Baseline characteristics of patients by clinic

Clinic 1, % Clinic 2, % Clinic 3, %

Characteristics (n=2565) (n=1210) (n=665)
Sex
Female 60.4 54.9 13.2
Male 39.6 45.1 86.8
Age,y
50-55 26.7 23.6 45.6
55-60 24.7 26.7 29.5
60-65 231 26.5 14.7
65-70 16.5 15.3 7.1
70-75 9.0 7.9 3.1
Race/Ethnicity
Hispanic 33.0 8.3 18.2
Non-Hispanic black 9.2 24.8 21.7
Non-Hispanic white 12.8 26.5 38.5
Asian 28.6 28.2 4.5
Insurance
Medicaid 45.2 46.9 40.2
Medicare 17.7 12.0 40.5
Uninsured 4.4 4.1 9.3
County sponsored 114 6.0 47
Healthy Worker* 17.0 27.1 1.2
Language
Chinese 11.3 7.0 0.3
Spanish 26.2 3.4 6.6
English 36.5 63.4 74.7
Other/Unknown 26.0 26.2 18.4
Prior FIT
Yes 68.1 62.8 435
No 31.9 37.2 56.5

Clinic 4, % Clinic 5, % Clinic 6, % Clinic 7, % Clinic 8, %

(n=923) (n=1961) (n =1694) (n=934) (n=868)
457 51.5 311 486 441
54.3 485 68.9 51.4 55.9
28.7 21.2 26.6 24.8 28.2
27.8 24.4 29.5 26.9 27.3
229 24.7 23.9 23.9 21.9
13.8 18.9 14.3 16.3 16.1

6.8 10.8 5.7 8.1 6.5
256 27.8 14.7 406 11.5
24.6 13.9 348 5.6 61.2
19.3 17.3 37.0 29.9 7.0
16.1 27.1 7.1 7.4 6.9
54.1 440 60.5 53.0 62.2
11.9 218 208 12.9 14.3

4.9 44 6.1 45 6.2

7.7 7.9 6.1 16.7 33
15.0 18.9 33 8.0 9.0

4.0 7.9 05 0.4 2.1
15.7 17.1 6.5 326 7.8
60.8 499 73.1 51.1 74.1
19.5 25.1 19.9 15.9 16.0
63.2 63.1 46.6 63.7 54.4
36.8 36.9 53.4 363 456

*Insurance type for in-home support service providers and temporary insurance for county employees. FIT = fecal immunochemical testing.

the test, needed a new test). We examined the FIT kit return
rate after the call, by category.

With more than 10 000 patients, the overall study provided
80% power in two-sided tests with a type-I error rate of 5% to de-
tect a between-group difference of 2.7 percentage points.
Within subgroups defined by race, language preferences, and
clinic, minimum detectable between-group differences ranged
from 5.6 to 13.4 percentage points, depending on the size of the
subgroup and the completion rate among controls. We used
Stata (version 15.1; StataCorp LP, College Station, TX) and SAS
(version 9.4; SAS Institute Inc, Cary, NC) for all statistical analy-
ses, and TreeAge Pro (TreeAge Software, Williamstown, MA) for
cost-effectiveness analyses.

Results

Patient Demographics

A total of 18 509 patients age 50-75 years were empaneled in
the eight SFHN primary care clinics, and 12 848 (69.4%) were eli-
gible for CRC screening and for random assignment (Figure 1).
The leading reasons for exclusion were colonoscopy within the
last 10years (14.5%) and previously abnormal FIT (6.5%)
(Figure 1).

Between January 2016 and October 2017, 10 820 patients
were enrolled from eight clinic sites: 5434 patients into usual
care and 5386 patients into outreach intervention. Demographic

characteristics varied by clinic (Table 1). The distribution of age,
sex, race, and insurance type were similar among the usual care
and intervention groups (data not shown).

Effect of Organized Outreach to Increase FIT
Participation

Over 1 year, 11.8% patients were lost to follow-up; this differ-
ence was not statistically significantly different between groups
(11.5% in outreach vs 12.2% in usual care, P =.25). Of patients in
the intervention group, 57.9% (95% confidence interval [CI] =
56.6% to 59.3%) had returned the FIT kit by 1 year vs 37.4% (95%
CI = 36.1% to 38.7%) (difference of 20.5%, 95% CI = 18.6% to
22.4%; P <.001; Table 2 and Figure 2). Even at day 28, outreach
led to a statistically significant increase in FIT completion
(13.3% vs 5.1%; P < .001; data not shown). Most of the screening
participation following the outreach intervention occurred
within 90 days of the intervention, whereas screening participa-
tion under usual care was distributed more evenly over time
(Figure 2). The number needed to receive outreach for an addi-
tional patient screened was 4.8.

In a per-protocol analysis excluding 1143 patients who were
not mailed FIT kits (Figure 1), FIT completion increased by
10.7 percentage points to 68.6% (95% CI = 67.2% to 69.9%). The
between-group difference in participation increased to 31.3%,
with a number needed to mail a FIT kit for an additional patient
screened of 3.2.
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Table 2. Effect of organized outreach compared with usual care on FIT completion at 1 year

Usual care arm

Intervention arm
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% Up to date % Up to date 1-year difference, Interaction
Characteristics No. 1 year (95% CI) No. 1 year (95% CI) % (95% CI) OR (95% CI)
Total 5434 37.4 (36.1t0 38.7) 5386 57.9 (56.6 to 59.3) 20.5 (18.6 to 22.4) —
Sex
Female 2579 40.8 (38.9 t0 42.7) 2518 61.1 (59.2 to 63.0) 20.3 (17.5 to 23.0) 1.00 (Referent)
Male 2855 34.5 (32.7 t0 36.2) 2868 55.0 (53.2 t0 56.9) 20.6 (17.9 to 23.2) 1.05 (0.90 to 1.23)
Age,y
50-55 1470 33.1(30.6 to 35.5) 1412 54.8 (52.2t0 57.4) 21.7 (18.0 to 25.4) 1.00 (Referent)
55-60 1446 37.5 (35.0 to 40.0) 1431 56.8 (54.2 to 59.4) 19.3 (15.6 to 23.0) 0.85 (0.69 to 1.05)
60-65 1264 39.5 (36.8 t0 42.2) 1261 60.6 (57.8 t0 63.3) 21.1(17.2 to 25.0) 0.98 (0.79 to 1.23)
65-70 834 39.9 (36.6 to 43.2) 853 60.9 (57.7 to 64.2) 21.1(16.3 to 25.8) 0.94 (0.73 to 1.21)
70-75 420 41.2 (36.5 to 45.9) 429 57.8 (53.2 to 62.4) 16.6 (9.9 to 23.4) 0.75 (0.55 to 1.03)
Race/Ethnicity
Hispanic 1313 423 (39.5 to 45.0) 1264 65.2 (62.5 t0 67.9) 22.9 (18.9 to 26.9) 1.00 (Referent)
Non-Hispanic black 1178 32.3(29.5to0 35.0) 1173 49.7 (46.8 t0 52.7) 17.5(13.3 to 21.6) 0.88 (0.70 to 1.11)
Non-Hispanic white 1185 28.9 (26.3 to 31.5) 1205 51.6 (48.7 to 54.4) 22.7 (18.8t0 26.7) 1.05 (0.83 to 1.33)
Asian 1023 48.0 (44.9 to 51.0) 1012 69.3 (66.5 to 72.1) 21.3(17.1t0 25.5) 0.97 (0.76 to 1.24)
Insurance
Medicaid 2706 34.1(32.3 to 35.9) 2711 55.1(53.2 to 57.0) 21.0 (18.3t0 23.7) 1.00 (Referent)
Medicare 1025 38.9 (35.9 to 41.9) 979 59.6 (56.5 t0 62.8) 20.7 (16.3 to 25.2) 1.00 (0.81 to 1.24)
Uninsured 281 23.6 (18.7 t0 28.5) 274 48.0 (42.0 to 54.0) 24.4 (16.5 to 32.3) 1.40 (0.95 to 2.06)
County sponsored 465 40.8 (36.2 to 45.3) 446 64.2 (59.7 to 68.7) 23.4 (16.8 to 30.0) 1.03 (0.77 to 1.37)
Healthy Worker* 728 52.2 (48.5 to 55.8) 762 70.1 (66.8 to 73.4) 17.9 (12.9 to 22.9) 0.95 (0.74 to 1.21)
Language
Chinese 232 54.0 (47.6 to 60.4) 367 80.0 (75.9 to 84.1) 26.0 (18.3 to 33.6) 1.49 (1.02 to 2.17)
Spanish 674 41.9 (38.2 to 45.6) 1046 68.2 (65.4 to 71.1) 26.4 (21.7 to 31.0) 1.30 (1.04 to 1.64)
English 2636 31.5 (29.7 to 33.3) 3461 51.3 (49.6 to 52.9) 19.8 (17.3 t0 22.2) 1.00 (Referent)
Other/Unknownt 1892 43.7 (41.5 to 45.9) 512 58.8 (54.5 to 63.0) 15.0 (10.2 to 19.9) 0.81 (0.65 to 1.01)
Prior FIT
Yes 3231 49.0 (47.2 to 50.8) 3240 71.0 (69.4 to 72.5) 22.0 (19.5 to 24.4) 1.06 (0.89 to 1.25)
No 2203 20.9(19.2 to 22.6) 2146 37.4 (35.3 to 39.5) 16.5 (13.8 to 19.3) 1.00 (Referent)
Clinic
1 1286 44.2 (41.5 to 47.0) 1279 67.4 (64.8 t0 70.0) 23.2 (19.3 t0 27.0) 1.00 (Referent)
2 597 39.3(35.3t043.2) 613 53.6 (49.7 to 57.6) 14.4 (8.7 t0 20.0) 0.73 (0.55 t0 0.97)
3 338 31.2 (26.2 to 36.3) 327 58.4 (52.9 to 64.0) 27.3 (19.4 to 35.1) 1.30 (0.91 to 1.85)
4 450 36.1 (31.7 to 40.6) 473 66.1(61.9 to 70.4) 30.0 (23.8 to 36.3) 1.31 (0.96 to 1.80)
5 999 41.4 (38.3 to 44.5) 962 57.0 (53.8 t0 60.2) 15.7 (9.8 to 19.0) 0.73 (0.57 t0 0.93)
6 856 26.2 (23.31029.2) 838 50.1(46.6 to 53.5) 23.8 (19.1 to 28.6) 1.14 (0.88 to 1.48)
7 473 32.4 (28.0 to 36.7) 461 49.9 (45.2 to 54.6) 17.5 (10.8 to 24.2) 0.82 (0.60 to 1.12)
8 435 38.7 (34.0 to 43.4) 433 52.4 (47.6 to 57.1) 13.6 (6.8 t0 20.5) 0.67 (0.49 to 0.92)

“Insurance for those who work as in-home support service providers and temporary insurance for county employees. CI = confidence interval; FIT = fecal immuno-

chemical test; OR = odds ratio.

tThe percentage with other or unknown language decreased in the intervention arm as outreach workers verified language preference.

Effect of Organized Outreach by Clinic

The effect of the outreach intervention consistently increased
screening participation; however, the magnitude of the effect
differed by clinic with evidence of effect modification (odds ra-
tio [OR] range = 1.75-3.54; percentage point increase across clin-
ics, 13.6% to 30.0%) (Table 2). FIT completion by clinic ranged
from 49.9% to 67.4% in the intervention arm vs 26.2% to 44.2% in
usual care (Table 2).

Effect of Organized Outreach by Patient Subgroup

There was an increase in FIT participation among patients
assigned to outreach intervention vs usual care across all pa-
tient subgroups (Table 2). The subgroups with highest screen-
ing participation at 1 year were ethnic minorities (eg, Asian
69.3% and Hispanic 65.2%), patients with Healthy Worker

insurance (70.1%), and patients who used non-English lan-
guages (Chinese 80.0% and Spanish 68.2%), with language
showing evidence of effect modification. Patients who had pre-
viously completed a FIT were more likely to complete a FIT
than those with no record of prior FIT completion (70.2% vs
34.8%; P <.001). OC-Light transitioned to OC-Sensor during the
study period. There was no statistically significant difference in
completion rates by the two brands of FIT tests after adjust-
ment for clinical covariates.

Colonoscopy Follow-up After Abnormal FIT

Colonoscopy completion was ascertained for patients with ab-
normal FIT results. Among patients who had at least 6 months
of follow-up time after an abnormal FIT, a similar proportion of
patients in both groups completed a colonoscopy: 51.0% (106 of
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60

40

204

Proportion up to date (%)

Vid Qutreach
————— Usual Care

0 90 180 270 365
Days since randomization

Figure 2. Cumulative proportion of patients up to date with colorectal cancer
screening in the outreach intervention and usual care groups. At 1 year, 57.9% of
patients in the intervention group had returned the FIT kit vs 37.4% in the usual
care group. By day 28, outreach statistically significantly increased FIT comple-
tion (13.3% vs 5.1%). FIT = fecal immunochemical test.

208) of patients in intervention vs 51.4% (57 of 111) in usual care
(P=.94) (Supplementary Table 2, available online).

Reasons for Not Being Up to Date

At the time of the reminder call, the most common reasons
stated for not being up to date were forgot/not a priority/busy
(26.4%), patients reporting that they already returned or com-
pleted the test but had not mailed it yet (24.0%), did not receive/
lost/damaged test (15.3%), and did not understand how to com-
plete the test (10.6%) (Supplementary Table 3, available online).
After the reminder call, the percentage of patients becoming up
to date according to stated reasons were as follows: forgot/not a
priority/busy (62.7%), already returned or completed the test
(90.7%), did not receive test/lost test/test damaged (61.8%), and
did not understand how to complete the test (77.4%).

Cost Accounting

Initial start-up implementation costs, including equipment and
training, totaled $15 997 (Supplementary Table 4, available on-
line). The average time spent in outreach per patient (range =
21.5-24.2 minutes) and the average total outreach cost per pa-
tient (range = $22.2-$24.1) did not change substantially across
the three sampling cycles (Table 3). Labor costs exceeded mate-
rial costs (Supplementary Figure 2, available online), and 86%-
91% of labor time was devoted to direct patient activities as op-
posed to program-related activities, including 25%-36% of time
spent on phone calls (Table 3; Supplementary Figure 3, available
online).

Short-Term and Projected Long-Term Cost-Effectiveness

The approximate outreach cost of $23 per patient, coupled with
the absolute increase in FIT completion rate of 20.5% at 1 year,
translated to a cost of $112 per additional patient screened.
Projecting the clinical trial results over the long term, and incor-
porating the observed implementation and ongoing costs of
outreach, the estimated QALYs and cost per patient were
19.6259 QALYs and $2960 with outreach, and 19.6103 QALYs and

$2816 with usual care, yielding a cost of $9200 per QALY gained
with outreach (Supplementary Table 5, available online).

In clinic-level sensitivity analyses across the range of gains
in FIT participation rates (Table 2), the cost of outreach was
$900-$23 400 per QALY gained (Supplementary Table 5, avail-
able online). If outreach cost decreased to less than $14 per
patient, outreach achieved better outcomes at lower costs
than usual care. At outreach costs of $50 per patient, outreach
cost $37 400 per QALY gained. If screening outreach was cou-
pled with navigation to increase completion of colonoscopy af-
ter abnormal FIT from 55% to a hypothetical 75% with
navigation, as has been reported for navigation with screening
colonoscopy, then outreach plus navigation cost $3000 per
QALY gained.

Discussion

In this trial of an organized outreach intervention, implemented
in partnership with eight primary care clinics, direct mailing of
FIT kits to patients not up to date with CRC screening statisti-
cally significantly increased CRC screening participation at each
site. An estimated three to five additional individuals needed to
receive outreach to increase screening by one. Because this
study was conducted in multiple clinics with diverse popula-
tions, the effectiveness reflects a range of real-world estimates
of the initiative depending on the clinical setting. The prospec-
tive cost accounting embedded in the trial provides real-world
estimates of the staff time, resources, and costs required to de-
liver outreach. Our long-term cost-effectiveness analysis, in-
formed by the clinical results of the study and the cost
accounting, suggests that organized outreach is highly cost-
effective across multiple clinical scenarios.

The cost to perform outreach for one individual ($23) and the
cost per additional patient screened ($112) both appear accept-
able at face value based on the established clinical benefits of
CRC screening. Our cost of outreach are in line or lower than
prior estimates, which could be attributed to a central structure
with increased scale (19,20). In addition, our estimate of the
long-term cost-effectiveness of outreach ($9200 per QALY
gained vs usual care in the base case) is novel and within ac-
ceptable ranges for services adopted by health systems (21).
Moreover, we used conservative assumptions for colonoscopy
completion at 55.6% after abnormal FIT that are based on an
earlier study in this safety-net health system (16), and that are
consistent with the rates observed in other safety-net settings
(22,23). When outreach effectiveness was varied across the
range observed across all clinics, organized outreach to improve
CRC screening remained highly cost-effective. To further drive
down cost, economies of scale and automation might be
achieved through use of communication and mailing vendors,
which could be cost saving at outreach costs of less than $14 per
patient in our models.

Organized outreach has been shown to be effective in sev-
eral private and public health settings (24-30). By randomly
assigning patients in eight clinical sites, this study may be the
most comprehensive to date to characterize the range of effec-
tiveness achieved across clinics and demography and prior test-
ing behavior while accounting for implementation and
operation costs and long-term cost-effectiveness. This level of
detail in diverse safety-net clinics extends the knowledge by
demonstrating that a centrally administered FIT outreach pro-
gram is highly cost-effective. We expect the comprehensive
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nature of this study to inform health-care systems as they ad-
dress population-wide CRC screening.

We attempted to understand barriers to screening faced by
patients in our health system. Our results suggest that reminder
phone calls addressing patient concerns may improve comple-
tion, as reported previously by others (30,31). However, there
remains a proportion of patients who do not complete screen-
ing despite outreach and follow-up efforts. The intervention
consistently raised the level of screening, but it did not close
disparity gaps.

Our study has limitations. First, the clinics that did not par-
ticipate in this study tended to have CRC screening rates of 70%
or higher. The impact of organized outreach would have been
more modest among these clinics, but it could have offset clinic
staff time currently dedicated to panel management and
screening. As such, it is possible that the results do not general-
ize to other health-care settings and populations. Second, there
were patients excluded from this study based on homelessness
and advanced comorbidities, who are less likely to be screened
and could have lowered the screening rates. Third, stool-based
screening programs address screening, but colonoscopy com-
pletion for patients with abnormal screening results is neces-
sary for screening to reduce CRC incidence and mortality; our
intervention did not address colonoscopy follow-up, which was
similar between both groups. Nonetheless, our long-term simu-
lation suggests that outreach remains highly cost-effective even
with suboptimal follow-up colonoscopy rates. Lastly, we have
not examined the individual contribution of each component of
the intervention, although prior studies have attempted to dis-
entangle these components (31,32).

In conclusion, organized outreach using direct mailing of FIT
kits can improve CRC screening, and the favorable health eco-
nomic results support the widespread adoption of this service,
assuming that the results generalize to other locations.
Reimbursement models that facilitate population-level preven-
tive health management strategies could further improve CRC
screening.
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