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BACKGROUND: Mailed fecal immunochemical testing
(FIT) can increase colorectal cancer (CRC) screening rates,
including for vulnerable patients, but its cost-
effectiveness is unclear.
OBJECTIVE:We sought to examine the effectiveness and
cost-effectiveness of the initial cycle of our mailed FIT
program from November 2017 to July 2019 in a federally
qualified health center (FQHC) system in Central Texas.
DESIGN: Single group intervention and economic
analysis
PARTICIPANTS: Eligible patients were those ages 50–75
who had been seen recently in a system practice and were
not up to date with screening.
INTERVENTION: The program mailing packet included
an introductory letter in plain language, the FIT itself,
easy to read instructions, and a postage-paid lab mailer,
supplemented with written and text messaging
reminders.
MAIN MEASURES: We measured effectiveness based on
completion ofmailedFITand cost-effectiveness in terms of
cost per person screened. Costs were measured using
detailed micro-costing techniques from the perspective
of a third-party payer and expressed in 2019 US dollars.
Direct costs were based on material supply costs and
detailed observations of labor required, valued at thewage
rate.
KEY RESULTS: Of the 22,838 eligible patients who re-
ceived program materials, mean age was 59.0, 51.5%
were female, and 43.9% were Latino. FITwere successful-
ly completed by 19.2% (4395/22,838) patients at an av-
erage direct cost of $5275.70 per 500-patient mailing.
Assuming completed tests from the mailed intervention
represent incremental screening, the direct cost per pa-
tient screened, compared with no intervention, was
$54.83. Incorporating start-up and indirect costs in-
creases total costs to $7014.45 and cost per patient
screened to $72.90. Alternately, assuming 2.5% and 5%
screening without the intervention increased the direct
(total) cost per patient screened to $60.03 ($80.80) and
$67.05 ($91.47), respectively.

CONCLUSIONS: Mailed FIT is an effective and cost-
effective population health strategy for CRC screening in
vulnerable patients.
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BACKGROUND

Colorectal cancer (CRC) remains the second leading cause of
cancer mortality in the USA.1 Screening is effective in reduc-
ing morbidity and mortality but is underutilized, especially in
vulnerable patients such as uninsured and Latinx patients,
many of whom receive care in federally qualified health
centers (FQHC).2–3 More effective interventions are needed
to help reduce the burden of colorectal cancer, particularly for
vulnerable patients.
Mailed stool-based fecal immunochemical testing-based

screening interventions (hereafter “mailed FIT”) have been
shown to increase colorectal cancer screening rates, are scal-
able, and have great promise for underserved and safety net
populations.4 They are designed to overcome several barriers
(e.g., need for transportation, need to take time off of work)
that may disproportionately affect those with limited income
or resources.
The effectiveness of mailed FIT has been demonstrated in

prior studies, including several in safety net populations.4–7

Most programs consist of an initial contact (primer) to notify
the patient that outreach will follow and to confirm the correct
address and screening eligibility; the main mailing of the FIT,
along with easy to read instructions for completion and a pre-
addressed mailer to return the FIT; one or more reminders
(text, mail, or phone) to help ensure completion; and (in some
cases) navigation assistance to help patients with positive tests
receive follow-up colonoscopy.4–7 Generally, previously eval-
uated mailed FIT programs directed to unselected populations
(i.e., without having been previously recruited or formally
enrolled in a program) have achieved test completion rates of
20–25%.4
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Data on the cost-effectiveness of mailed FIT is limited.4

More intensive interventions, because they can devote greater
effort to overcoming barriers through additional reminder calls
for example, are generally more effective, but also have great-
er costs. As the cost per person of the intervention increases,
the program’s ability to serve additional patients may become
limited, especially in the context of fixed overall program
budgets. To derive the greatest benefit from mailed FIT pro-
grams, we must optimize their cost-effectiveness. We sought
to measure the effectiveness and cost-effectiveness of a mailed
FIT program in a safety net urban health system.

METHODS

Overview

We initiated a mailed FIT program for age-eligible patients in
a large safety net, federally qualified health center (FQHC)
system in Central Texas, with 24 locations. The system did not
employ any outreach or reminder systems to prompt screen-
ing, and relied on opportunistic approaches for preventive
care.

Eligibility

We included patients aged 50–75 years who were not up to
date with CRC screening (no stool test in the past 12 months,
sigmoidoscopy in the past 5 years, or colonoscopy in the past
10 years based on information available in patients’ medical
records), and who had at least one visit in the previous 12
months or 2 visits in the previous 24 months. Patients with a
documented personal history of CRC in the medical record
were excluded. At the beginning of the program in November
2017, chart review identified 20,146 eligible patients who
were not up to date with screening. At that time, data from
the FQHC system suggested that only 18.4% of the patients in
the 50–75 age range were up to date with CRC screening.
Patient eligibility was updated monthly, with new patients

becoming eligible as they entered the system or aged into the
screening cohort and others aging out. We consider here only
first outreach mailings. The effectiveness and cost-
effectiveness of serial outreach in subsequent years will be
examined in a future analysis.

Intervention

The intervention consisted of a mailing packet that included an
introductory letter in plain language, the FIT itself (Polymedco
OC–Auto FIT™), easy to read instructions with pictures, and
a postage-paid lab mailer. We also included a “records update
card” for patients to indicate prior screening that was not
documented in the patient’s medical record. All materials were
provided in both English and Spanish. Importantly, the FIT
and any subsequent colonoscopy were provided without
charge for patients without insurance through the program
and this information was included in the mailing materials.

Packets were mailed weekly in waves of 300–550, from a
central location, directly to patients’ homes. If patients did not
complete the FIT, they received a text message reminder 2.5
weeks later and a reminder letter 5 weeks after initial mail out,
unless they opted out of future contacts or had previously
declined to enroll in text message receipt. We chose to employ
text and mail reminders rather than phone calls to keep the cost
of the intervention manageable.
Because those who were included in the program and

received the intervention had not been screened recently, and
the rate of in-clinic screening was very low and relatively flat
prior to the mailed FIT program, our base scenario assumed
patients would not have been screened without the program.
We examined this assumption in sensitivity analyses described
below.

Outcomes

The primary outcome measured was the proportion of
completed FIT. FIT were counted as successfully com-
pleted if our lab received the FIT and provided a lab
result to the clinic and program staff. We did not set a
time limit for completion of the test, but of those who
completed the FIT, 94.7% were completed within 3
months and 98.0% within 6 months. In a secondary
analysis, we also counted as successful those patients
who returned the records update card stating the date of
the patient’s recent stool test or colonoscopy. FITs that
were returned but could not be processed due to mail
delay or laboratory error were counted separately. We
also measured the outcomes of patients with positive
FITs, including timely completion of colonoscopy and
findings at colonoscopy.
The University of Texas at Austin Office of Research

Support and Compliance reviewed the protocol and judged
the work not to constitute human subjects research, as it
evaluated the delivery of a recommended preventive service.

Returning FIT Results

Patients with negative FIT results were informed of their
results in writing and had their results entered into the elec-
tronic health record and our program database.
Patients with positive (abnormal) FIT results received

a phone call followed by a letter recommending that the
patient schedule a colonoscopy with the help of our
bilingual patient navigator. The navigator provided ad-
ditional education about positive results, helped the pa-
tient schedule a pre-evaluation and the colonoscopy
procedure itself, and helped troubleshoot any problems
that arose or threatened adherence.
All patients found to have CRC were referred for

appropriate treatment. Patients in whom polyps were
identified and removed were entered into a surveillance
database for recall at the appropriate evidence-based
surveillance interval.
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Costing

Our analysis followed the best practices recommended in the
CHEERS reporting guidelines (see online Supplementary In-
formation for checklist).8 The detailed cost analysis estimated
the costs of start-up activities (e.g., training, equipment, data-
base development) and on-going activities. On-going direct
costs included per patient costs of supplies, FIT processing,
and labor associated with mailer assembly, reminder and
results letters, updates to the electronic health record, positive
results calls, and navigation to colonoscopy. On-going indirect
costs included labor associated with administration, manage-
ment, and data quality assessment. All labor was valued at the
wage rate and included fringe. Non-labor unit costs were
obtained from program invoices. Activity times were obtained
through detailed observation of and/or interviews with person-
nel performing each task. All costs were estimated from the
perspective of a third-party payer and reported in 2019 US
dollars.
To reflect usual operations as they occurred in the study,

costs are presented per batch of 500 mailers (Table 1).
Although most of the items presented in the detailed cost
analysis are straightforward, two require explanation. Start-
up costs and annual indirect costs were prorated to 500-
mailer batches assuming 13,050 mailers per year (i.e.,
(22,838 mailers during study/21 study months) * 12
months). Before prorating, start-up costs were converted
to an equivalent annual cost following Drummond et al.9,
assuming a 3% discount rate (as recommended by the
Second Panel on Cost-Effectiveness in Health and Medi-
cine10) and three years of useful life for all start-up activ-
ities and equipment.

Cost-effectiveness

Cost effectiveness was assessed using incremental cost-
effectiveness ratios (ICERs). The ICER for our base case
was defined as the cost per additional patient screened for
the intervention compared with no intervention, assuming no
screening in this group under usual care. The cost per addi-
tional patient screened was determined by dividing the cost per
500-person mailing by the additional number of returned tests.
We prospectively defined our goal for cost-effectiveness to

be $50 (direct cost) per additional patient screened, based on
prior studies4 and one analysis that found strong cost-
effectiveness at that level of cost per additional patient
screened.11 We based our goal on direct costs because the
start-up and indirect costs would be minimized as the program
grew and matured.

Sensitivity Analyses

To determine how our results would change had the
program been implemented under alternative realistic
conditions, we conducted sensitivity analysis in which
we varied (a) annual output of mailers (to reflect

Table 1 Average total cost per 500-person mailing (2019 US$)

On-going costs

Labor $/hour Hours Cost per
500
mailers ($)

Direct patient-related activities
Mailer assembly 25.90 25.00a 647.50
Automated text messages 35.10 2.00b 70.20
Reminder letters 25.90 6.30c 163.17
Results letters 25.90 1.46d 37.75
Updates to EHR: info cards 25.90 0.77e 19.98
Updates to EHR: FIT results 25.90 3.21f 83.06
Positive results calls 35.10 0.56g 19.83
Navigation to colonoscopy 35.10 1.41h 49.49
Subtotal 1090.98

Indirect patient-related activities
Administration and management 54.53 22.99i 1253.54
Data quality assessment 54.53 7.66j 417.85
Subtotal 1671.39

Materials Average
unit cost
($)

Quantity

Supplies 0.515k 500 257.50
Postage 4.006l 500 2002.82
Subtotal 2260.32

FIT processing fee 20.00 96.22 1924.40

On-going cost per 500 mailers 6947.09

Start-up cost per 500 mailersm 67.36
Total cost per 500 mailers 7014.45

aMailers assembled at rate of 20 per hour
bAutomated text messages required 2 h of set-up time (fixed cost,
independent of batch size)
cReminder letters assembled at rate of 66 per hour; 83% of participants
received a reminder letter
dResults letters assembled at rate of 66 per hour; 19.2% of participants
received a results letter
eEHR updated from returned health information cards at rate of 12 per
hour; 1.9% of participants returned a health information card
fEHR updated with FIT results at rate of 30 per hour; 19.2% of
participants had FIT results
g5.9% of participants with FIT results tested positive; all received a
positive result call with a mean time required per person of 6 min
h5.9% of participants with FIT results tested positive; all were provided
navigation with a mean time required per person of 15 min
IIncludes contract execution, report generation, supervision, meeting
oversight, and supply management; 600 h (0.30 FTE) per year * 500/
13050
jIncludes data quality monitoring and other data management; 200 h
(0.10 FTE) per year * 500/13050
kIncludes envelopes, address labels, paper, ink (color and black), and
printer
l100% of participants received a mailer @ $3.50; 83% of participants
received a reminder letter @ $0.47; 19.2% of participants received a
results letter @ $0.47; 1.9% of participants returned a health
information card @ $1.31 (business reply mail). $4.006 = 3.50 (1) +
0.47(.83 + .192) + 1.31(.019)
mIncludes training, database development, and equipment. Assumes 3%
discount rate and 3 years of useful life for start-up activities and
equipment
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potential variation in clinic size), (b) unit costs (labor
and non-labor, to reflect potential geographic variation
in costs should the program be implemented elsewhere),
(c) mean time navigating to colonoscopy, and (d) base-
line screen rate (to account for the possibility that some
patients might screen without the program). Unless stat-
ed otherwise, the base scenario is based on the actual
costs (i.e., resource utilizations multiplied by unit costs)
as occurred in the program. In all scenarios except those
that varied the baseline screen rate, the ICER is identi-
cal to the average cost effectiveness ratio.

RESULTS

Patient Demographics

Demographic data for the full sample of 22,838 participants
who became eligible for the program during the study time
period and were mailed FIT are shown in Table 2. Mean age
was 59.0 years. Almost half identified as Latinx, and nearly half
did not have traditional private or government health insurance.

Effectiveness

Of 22,838 eligible patients who were mailed program materials,
4395 completed FIT successfully (19.2%). Additionally, 423
health information cards were returned providing updated infor-
mation on screening status. When these responses are included,
it brings the successful response total to 4818, or 21.1%.
Finally, 255 FIT (5.5% of all returned FIT) were returned

but could not be processed in the lab due to mail delays or
collection errors.

Costs

Table 1 provides a detailed breakdown of the start-up and on-
going costs in the base scenario, while Table 3 presents the
incremental cost-effectiveness ratios and results of the sensi-
tivity analyses. The direct cost of the program per 500 patients
was estimated to be $5275.70 based on direct patient related
activities, materials, and FIT processing fee. Postage was the
largest component of the direct cost (38.0%), followed by the
FIT processing fees (36.5%), labor (20.6%), and supplies
(4.9%). Incorporating start-up and indirect costs increased
the total cost to $7014.45 per 500-person mailing.

Cost-effectiveness—Base Case

The direct cost per patient screened was $54.83 ($5275.70/
96.22 tests completed for each 500 person mailing) and the
total cost per patient screened was $72.90, based on the FIT
completion rate of 19.2% and assuming no screening in the
absence of the intervention.

Sensitivity Analyses

As seen in Table 3, the direct cost per person screened
ranged from $43.86 to $67.05 across the sensitivity scenar-
ios, and the total cost per patient screened ranged from
$58.32 to $91.47. Assuming 2.5% and 5% screening with-
out the intervention increased the direct (total) cost per
patient screened to $60.03 ($80.80) and $67.05 ($91.47),
respectively.

Positive FIT Results

Overall, 258 of 4395 patients (5.9%) who successfully com-
pleted FIT had positive results. Of the 258 patients with
positive FIT results, 195 (76%) completed colonoscopy.
For the 195 patients who completed colonoscopy, 8 had

cancers detected, 76 had adenomas (including 6 with high-
grade dysplasia), 24 hyperplastic polyps, and 68 had normal
results. For 19 patients, we did not have complete records of
their colonoscopy findings.

DISCUSSION

Our mailed FIT program successfully engaged over 20% of
patients from our local FQHC system who were overdue for
CRC screening, either by helping them become up to date with
screening (19.2%) or by identifying them as having been
screened outside of the system (and hence not requiring further
outreach: 1.9%). The direct cost per patient screened, based on
rigorous micro-costing, was approximately $55 and our total
cost was $72.90. These values were slightly above our initial
goal but similar or somewhat lower than values obtained in
previous mailed FIT programs4 and consistent with previous
estimates of costs for widespread mailed FIT program
implementation.12

Table 2 Demographic Data

N = 22,838

Age; mean (SD) 59.0 (6.46)
Age group (%) <65 18,158 (79.5)

65–75 4662 (20.4)
Not available 18 (0.1)

Gender (%) Female 11,757 (51.5)
Male 11,061 (48.4)
Not available 20 (0.1)

Race (%) Black 3164 (13.9)
Other/multi 2240 (9.8)
Refused or declined 4353 (19.1)
White 12,800 (56.0)
Not available 281 (1.2)

Ethnicity (%) Hispanic/Latino 10,012 (43.8)
Non-Hispanic/Latino 10,720 (46.9)
Refused or declined 2083 (9.1)
Not available 23 (0.1)

Payor (%) Commercial 4244 (18.6)
Medicaid 2327 (10.2)
Medicare 3890 (17.0)
Uninsured—local
assistance program

7123 (31.2)

Uninsured—sliding fee scale 3564 (15.6)
Other 468 (2.0)
Unknown 1222 (5.4)
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We were successful in reaching a highly vulnerable
patient population served by a large federally qualified
health center (FQHC) system. Screening rates in FQHC
settings are under 50% nationally,13 and represent an
important opportunity for efforts to increase screening
and reduce disparities in colorectal cancer incidence and
mortality. The mailed FIT program was designed to com-
plement the health system’s efforts to increase screening
through office-based visits. To sustain or magnify the
additional screening observed will require ongoing out-
reach and adherence to mailed FIT and additional efforts
to reach unscreened patients during visits.
We purposefully chose to develop a low-cost, widely

scalable program in order to improve the chances of
sustainability over time. As such, we did not include
“live” reminder calls to patients from program or clinic
staff. While such calls may improve adherence, they add
significant costs to the program.11 Instead, we relied on
text messaging and mailed reminders, which are lower
cost and scalable but produce lower levels of response
compared with “live” calls.
In contrast, we devoted significant additional re-

sources to providing bilingual patient navigation for
patients after positive tests, recognizing that the barriers
to complet ing fol low-up colonoscopy may be

particularly important in our low-income, frequently un-
insured patients, many of whom spoke Spanish as their
preferred language. We were able to successfully navi-
gate over 75% of patients to colonoscopy, many of
whom faced significant socioeconomic barriers to care.
Successful completion of high-quality colonoscopy is
critical to the overall effectiveness of FIT screening
programs. Not surprisingly, a high proportion of those
completing colonoscopy had important findings of can-
cer or adenomas.
Our costs and costs per patient screened were fairly

robust to changes in key parameters. As expected, increas-
ing annual output had no effect on direct costs per person
but reduced the prorated start-up and indirect costs sub-
stantially; conversely, increasing the baseline screening
rate reduced the net effect of the program and consequent-
ly increased the cost per additional patient screened. Fur-
ther, because we are only measuring the costs of screening
implementation, we did not assess or capture any of the
potential economic savings from reducing costs of treat-
ment through preventing cases and reducing late-stage
disease. More extensive cost-effectiveness analyses have
suggested that mailed FIT remains cost-effective ($37,500
per quality adjusted life year gained) at costs per patient
screened greater than those observed in our study.11

Table 3 Sensitivity Analyses (2019 US$)

Direct costs Total costs

Cost per 500
mailers
($)

Average cost
per person screened
($)

ICER† Cost per 500
mailers ($)

Average cost
per person screened
($)

ICER†

Base case* 5275.70 54.83 54.83 7014.45 72.90 72.90
Annual output
10,000 mailers 5275.70 54.83 54.83 7544.50 78.41 78.41
20,000 mailers 5275.70 54.83 54.83 6410.25 66.62 66.62
30,000 mailers 5275.70 54.83 54.83 6032.07 62.69 62.69

Unit costs—labor
20% increase 5493.89 57.10 57.10 7575.12 78.73 78.73
20% decrease 5057.50 52.56 52.56 6453.76 67.07 67.07

Unit costs—non-labor
20% increase 6112.64 63.53 63.53 7856.64 81.65 81.65
20% decrease 4438.75 46.13 46.13 6172.23 64.15 64.15

Unit costs—all
20% increase 6330.84 65.79 65.79 8417.32 87.48 87.48
20% decrease 4220.56 43.86 43.86 5611.55 58.32 58.32

Navigation to colonoscopy
30 min 5325.26 55.34 55.34 7064.00 73.41 73.41
45 min 5374.83 55.86 55.86 7113.57 73.93 73.93

Baseline screen rate‡

2.5% 5275.70 54.83 60.03 7014.45 72.90 80.80
5.0% 5275.70 54.83 67.05 7014.45 72.90 91.47

*Base case assumes 13,050 mailers annually, all unit costs (wages, supplies, postage, processing fee) as occurred in study, mean time per navigation
call is 15 min, and usual care comprises no screening at no cost

†ICER = incremental cost divided by incremental number of persons screened. In all scenarios except those that vary the baseline screen
rate, the ICER is identical to the average cost per person screened
‡Assumes usual care pays for processing fee ($20 per screen). For example, if the baseline screen rate is 5%, then the expected number of
persons screened in usual care is 25 (500*.05) and the total cost of usual care is $500 (25*$20). In this scenario, ICER = ($7014.45 −
$500)/(96.22 − 25) = $91.47
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Our effectiveness and cost-effectiveness compare fa-
vorably with other mailed FIT programs reported in the
literature. A study done in safety net clinics in Wash-
ington state found a cost per completed FIT of $39.81,
based on an initial mailing, two reminder calls and a
reminder letter.14 However, while this study included
both direct and indirect costs in their estimate, they
apparently did not include the cost of the FIT cards
themselves, or the cost of completed FIT processing.
Adding these costs would nearly double the total pro-
gram cost. In addition, their cost estimates were devel-
oped retrospectively and may have been subject to recall
bias.
Somsouk and colleagues used a “primer” postcard,

followed by the FIT mailing and reminder phone calls,
and found a cost per additional patient screened of $112
based on a 20 percentage point increase in screening
compared with usual care.11 Sequist and colleagues found
a cost per additional patient screened of $94 for a mailed
intervention with a mailed reminder, based on an increase
in screening of 6% points beyond that observed in a
control group.15 Meenan and colleagues found a 3.6%
point increase in screening with mailed FIT outreach in
their 26-clinic trial in the Pacific Northwest, with a cost
per additional patient screened of $483.16 Direct compar-
ison among these studies is challenging based on differ-
ences in costing methods, study design, and settings.
Future work is needed to better define best practices for
measuring costs of different program components.
Strengths of our study include a large sample of diverse

patients and rigorous micro-costing methods. We also have
provided extensive methodological detail explaining the as-
sumptions underlying the cost analysis to enable both practi-
tioners and researchers to model alternative implementation
scenarios, and our findings are supported by sensitivity analyses
on key parameters. Further, we included patient navigation as a
means of ensuring high rates of colonoscopy follow-up, a
necessary condition for reducing CRC incidence and mortality.
However, our program does have some limitations. We

did not include a control group, so we cannot be sure that
all of our patients reached through mailed FIT would not
have been screened otherwise. That said, the stable, low
clinic-based screening rates in this system argue against
an important secular trend and, in any case, we conducted
sensitivity analysis on this assumption. Finally, our pro-
gram was implemented in the context of a very low
baseline screening rate and a highly Latinx, often unin-
sured, urban population that was afforded access to
screening and colonoscopy follow-up without associated
costs; whether similar improvements would be observed
in different populations is unclear and should be studied.
With these limitations in mind, we nevertheless find

mailed FIT to be an effective and cost-effective program
to provide CRC screening in a vulnerable population

served in an FQHC system. Assuming that most of the
FIT screening represents new screening, it also offers the
opportunity to reduce CRC-related morbidity and mortal-
ity and thus improve health equity. We plan to expand and
implement a similar program in other nearby health sys-
tems, including ones with more rural coverage. We will
also continue to offer FIT and follow participants and
non-participants over time, to better understand patterns
of screening adherence longitudinally.
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