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BACKGROUND: Routine screening reduces colorectal
cancer mortality, but screening rates fall below national
targets and are particularly low in underserved
populations.
OBJECTIVE: To compare the effectiveness of a single text
message outreach to serial text messaging and mailed
fecal home test kits on colorectal cancer screening rates.
DESIGN: A two-armed randomized clinical trial.
PARTICIPANTS: An urban community health center in
Philadelphia. Adults aged 50–74 who were due for colo-
rectal cancer screening had at least one visit to the prac-
tice in the previously year, and had a cell phone number
recorded.
INTERVENTIONS: Participants were randomized (1:1 ra-
tio). Individuals in the control arm were sent a simple text
message reminder as per usual practice. Those in the
intervention arm were sent a pre-alert text message offer-
ing the options to opt-out of receiving a mailed fecal im-
munochemical test (FIT) kit, followed by up to three be-
haviorally informed text message reminders.
MAIN MEASURES: The primary outcome was participa-
tion in colorectal cancer screening at 12 weeks. The sec-
ondary outcome was the FIT kit return rate at 12 weeks.
KEY RESULTS: Four hundred forty participants were
included. The mean age was 57.4 years (SD ± 6.1).
63.4%were women, 87.7% were Black, 19.1%were unin-
sured, and 49.6% were Medicaid beneficiaries. At 12
weeks, there was an absolute 17.3 percentage point in-
crease in colorectal cancer screening in the intervention
arm (19.6%), compared to the control arm (2.3%, p <
0.001). There was an absolute 17.7 percentage point in-
crease in FIT kit return in the intervention arm (19.1%)
compared to the control arm (1.4%, p < 0.001).
CONCLUSIONS: Serial text messaging with opt-out
mailed FIT kit outreach can substantially improve colo-
rectal cancer screening rates in an underserved
population.
TRIAL REGISTRATION: clinicaltrials.gov (https://
clinicaltrials.gov/ct2/show/NCT03479645)
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BACKGROUND

Regular participation in screening effectively reduces the risk
of dying from colorectal cancer (CRC). 1,2Although 87% of
Americans believe that taking part in regular cancer screening
is beneficial,3 national screening rates (62–67%) fall below
national targets. 4,5 CRC screening rates are often lower in
medically underserved populations such as uninsured, low
income, and racial and ethnic minority groups.6 These popu-
lations are also more likely to present with more advanced
disease.7

Insights from behavioral economics might help overcome
some of the barriers and biases that limit screening. 8–11 For
example, present bias reflects our tendency to place more
weight on the present day costs of being screened—the effort,
monetary cost, and potential discomfort—than on the poten-
tially larger longer-term benefits, such as avoiding cancer or
detecting it early.12 Similarly, status quo bias reflects our
tendency to retain our current path, which means people who
previously did not participate in screening are likely to con-
tinue to not take part.10,13,14 We also tend to be overly
optimistic—systematically underestimating the chances of
personally encountering an adverse event in the future.15,16

But specific tools such as providing something of value up-
front for free, often can result in acts of reciprocity. 17,18 CRC
screening programs which use outreach techniques that ac-
knowledge, and perhaps harness these biases and tools, might
increase screening rates.
For example, in the USA, CRC screening participation

often relies upon opportunistic and sometimes haphazard rec-
ommendation and referral by a patient’s primary care provider
(PCP) at a clinic appointment that was booked for a different
clinical reason. Mailed home fecal immunochemistry test
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(FIT) kits have been shown to significantly improve screening
participation 11,19. A number of reasons might explain this: by
bypassing the structural barrier of a face-to-face clinical en-
counter otherwise required, thereby reducing the practitioner’s
burden of remembering to endorse screening or the patient’s
burden of acquiring a test kit, or by leveraging reciprocity
(e.g., a free mailed FIT kits may encourage kit completion out
of a sense of wanting to reciprocate). Offering the default
option of opting-out of receiving a mailed FIT kit instead of
opting-in, or a pre-alert delivery by letter, also increases com-
pletion of screening tests.10,20,21 However, the source of the
request to be screened also impacts participation; screening
requests from a patient’s PCP rather than their local health
authority improves screening rates. 22–25 Rates might also
increase by making information more salient. 26–28

The US Preventive Services Task Force recommends
evidence-based communication channels such as letters, tele-
phone, or email reminders to improve cancer screening rates.
29,30 Although effective,31 these approaches can be costly.32 In
contrast, text message reminders, also known as short message
services (SMS), are low cost, easy to scale,33 and are delivered
instantaneously. Two studies conducted in Israel and the USA
using SMS reminders to increase CRC screening showed an
increase of 1.8 percentage points compared to no SMS 34 and
3.3 percentage points compared to routine care of mailed and
phone reminders.35 A larger study conducted in the UK found
an increase only among first time invitees.36 Nonetheless,
SMS reminders have proven a promising communication
channel in other cancer screening programs. 33,37

OBJECTIVE

We combined both themes: motivational messages delivered
through SMS communication channels paired with a behav-
ioral economics-informed opt-out design for mailed FIT
screening. The objective was to compare this approach to
usual care in a pragmatic clinical trial in a racial and ethnically
diverse, underserved population.

RESEARCH DESIGN AND METHODS

Study Design

This two-arm, parallel, randomized controlled trial (RCT)
compared multiple SMS alerts and an “invitation to screen”
letter with mailed FIT kits to the current routine care of a
simple SMS alert. Approval was obtained from the University
of Pennsylvania Institutional Review Board. Informed consent
was waived as the study posed no more than minimal risk to
participants and could not be practicably carried out without
the waiver.38 The protocol was registered at clinicaltrials.gov
(NCT03479645).

Participants

This study was conducted in a Federally Qualified Health
Center (FQHC) in Philadelphia, which serves a population
composed largely of racial and ethnic minority groups, Med-
icaid beneficiaries, and uninsured patients. We included adults
between 50 and 74 years old, with at least one visit to the
practice in the past year and a cellular phone number recorded
in the electronic health record (EHR), who were overdue for
screening—defined as not having stool testing in the previous
year, flexible sigmoidoscopy in the previous 5 years, or a
colonoscopy in the past 10 years.
Patients were excluded if they had a history of gastrointes-

tinal cancer, metastatic cancer, inflammatory bowel disease,
other forms of colitis, or a genetic predisposition to colorectal
cancer, since FIT may not be the appropriate screening test.
We also excluded those with a history of colectomy, end-stage
renal disease, dementia, or cirrhosis since they may not benefit
from screening (Fig. 1). Potential participants were identified
in January 2018 from the EHR and eligibility was confirmed
with manual chart review.

Interventions

Eligible patients were randomized in a 1:1 ratio into two arms
using a computerized random number generator by the re-
search team (SH, CR). Participants, care providers, and those
assessing the trial outcomes were blinded to trial arm alloca-
tion. Patients in the control arm received the standard care text
message reminder informing the patient that they were over-
due for colorectal screening, which asked them to make con-
tact with the clinic to discuss screening options, as per the
clinic’s routine practice (Appendix 1).
Patients in the intervention arm received a sequence of

communications shown, individually to improve behavior in
screening and other domains. The initial communication re-
ceived by the intervention group was a “pre-alert” SMS, which
was clearly labeled as coming from the primary care provider
clinic and informed the participant they were overdue for
screening. The pre-alert SMS also delivered an emotive mes-
sage implicitly endorsing CRC screening: “We care about
your health” and offered participants the option to opt-out of
receiving a free mailed FIT home test kit. Individuals were
then given 1 week to opt-out, after which non-responders were
mailed the kit. The mailed FIT kit contained a headed letter
from the health clinic which addressed the recipient by name
and endorse CRC screening by explaining the need for the test,
and highlighting in bold key salient messages about the test,
for example: the test is free, quick and easy to complete at
home, and could save his or her life (Appendix 2). The letter
also contained a “Why Get Screened?” section which illustrat-
ed key statistics of the frequency of colon cancer to mitigate
potential optimism bias.
The kit included a specimen tube and laboratory requisition

form, both pre-labeled with each patient’s name and related
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information to make completing the test as personalized and
easy as possible.
The mailed kit was followed by up to three text messages if

the FIT kit was not returned, each labeled as coming from the
primary care clinic, sent at 2-week intervals. The first reminder
SMS re-iterated a reciprocity message. The second offered
patients to opt-in to receive a second mailed FIT kit in the
event of loss or not receiving the first kit. This message was
included because a previous study suggested that many non-
participants contacted after the trial reported not receiving the
initial FIT kit and requested a second.39 The final reminder
SMS provided a salience message on the ease and privacy of
completing the test in the patient’s home. Participants who
requested a second mailed FIT kit were sent the first
(reciprocity) and final (salience) SMS reminder at 2-week

intervals if the second kit was not returned. SMS services were
provided by medical mobile technology platform
(CareMessage).40

Participants could also respond in free text to the research
team, or reply “STOP” at any time if they wished to
unsubscribe from any further text message reminders. Each
SMS in the intervention arm also contained a phone number,
which was answered by the research team, to respond to any
questions participants might have.

Main Measures

The primary outcome was completion of CRC screening
(colonoscopy or FIT) within 12 weeks of the initial outreach.
The secondary outcome was completion of FIT screening
within 12 weeks.

Figure 1 The CONSORT flow diagram of this randomized clinical trial. This figure describes the study design, including recruitment,
exclusions, randomization, and the intervention arm procedure. CRC, colorectal cancer screening; SMS, short text service/text message; FIT,

fecal immunochemistry test.
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Statistical Analysis

Accepting a two-sided p value of < 0.05 as statistically signif-
icant, the study was designed with 80% power to detect an
absolute 8% difference in response rates between both trial
arms, through an anticipated enrolment of 460 patients. All
randomized patients were included in the intent-to-treat anal-
ysis using a chi-squared test. Analyses were performed using
STATA version 13.0 (Stata Corp LP, College Station, Texas).

KEY RESULTS

Patient Characteristics

Six hundred sixty-five patients were identified through auto-
mated EHR extraction as potentially eligible to participate.
After chart review, 440 were included and randomized to two
trial arms (Fig. 1). The mean age was 57.4 years (SD ± 6.1).
63.4% were women, 87.7% were Black, 96.1% spoke English
as their first language, 19.1% were uninsured, 49.6% were
primarily Medicaid beneficiaries, 16.8% received primarily
Medicare, and 14.6% were privately insured. Patient demo-
graphics and insurance characteristics by trial arm are present-
ed in Table 1. Two patients in the control arm and one patient
in the intervention arm were not exposed to the treatment, as
they had either completed CRC screening between the data
extraction and the first text message being deployed (two
patients), or because they died since the data extraction (one
patient). They were however included in the data analysis.
Both trial arm interventions were deployed from March 2018
toMay 2018, and outcome data were collected after 12 weeks.

Intervention Deployment and Response to
Outreach

SMS was sent to 218 participants in the control arm. In
response, two participants unsubscribed from SMS reminders
(Table 2). In the intervention arm, the pre-alert SMS was sent
to 219 participants. In response, two participants opted out of
receiving a mailed home test kit, four requested no further text
messages, three participants self-reported being up to date with

CRC screening, and one reported an incorrect phone number.
FIT kits were mailed to 209 participants (95%) in the inter-
vention arm. One week later, all 209 patients were sent SMSA
(reciprocity). After a further 2 weeks, 192 non-responders
were sent SMS B (opt-in for second FIT kit). After a further
2 weeks, 158 non-responders were sent SMS C (salience). In
response to SMS B, 15 participants requested and were mailed
a second FIT kit.
Overall, nine participants in the intervention arm

unsubscribed from SMS reminders by 12 weeks compared to
two in the control arm.

Colorectal Screening Completion

All 440 randomized patients were included in the data analy-
sis. At 12 weeks, participants in the control arm had a CRC
screening rate (FIT or colonoscopy) of 2.3% (n = 5) compared
to 19.6% (n = 43) in the intervention arm, an absolute differ-
ence of 17.3 percentage points (X2 (1) = 33.76; p < 0.001).
Based on the absolute difference in completion rate, the num-
ber needed to intervene (NNI) to achieve one additional CRC
screening is 5.7 additional patients receiving the multimodal
intervention. There was no difference in uptake by sex, age,
racial/ethnic group, or insurance status.
The FIT kit return ratewas 17.7 percentage points higher in the

intervention arm at 19.1% (n = 42) compared to the return rate in
the control arm, 1.4% (n = 3), (X2 (1) = 37.651; p < 0.001). In the
intervention arm, four kits were returned by participants who
received a second FIT kit. No difference was seen in the rate of
colonoscopy between the control arm 0.9% (n = 2) and in the
intervention arm 1.8% (n = 4), (X2 (1) = 0.676; p = 0.411).

Intervention Costs

The total cost of the intervention to the FQHC was low at
$151.32; the text message platform already in use at the FQHC

Table 1 Baseline Patient Demographic and Insurance
Characteristics by Trial Arm

Control (n = 220) Intervention (n = 220)

Mean age (SD) 57.7 (± 6.7) 57.1 (± 5.5)
Female (%) 137 (62.3) 142 (64.5)
Race (%)
White—non-Hispanic 11 (5.0) 9 (4.9)
White—Hispanic 0 (0.0) 2 (0.9)
Black 198 (90) 188 (85.5)
Other 11 (5.0) 21 (9.5)
First Language (%)
English 208 (94.5) 215 (97.7)
Primary insurance type (%)
Private 33 (15.0) 31 (14.1)
Medicare 43 (19.6) 31 (14.1)
Medicaid 104 (47.3) 114 (51.8)
Uninsured 40 (18.2) 44 (20.0)

Table 2 Responses to SMS and Colorectal Screening Completion
Rate by Trial Arm at 12 Weeks

Control (n
= 220)

Intervention (n
= 220)

p
value

Response to text message (%)
Unsubscribed to text
messages

2 (0.9) 9 (4.1) -

Wrong number reported 1 (0.5) 0 (0.0) -
Replied to opt-out of
mailed FIT

- 2 (0.9) -

Self-reported colon
screening as up to date

3 (1.4) 4 (1.8) -

FIT kit mailed (%) - 209 (95) -
Second FIT kit
requested and mailed
(%)

- 15 (6.7) -

FIT kit returned after
second mailing

- 5 (2.3) -

Colorectal screening
completed (%)

5 (2.3) 43 (19.6) <
0.001

FIT 3 (1.4) 42 (19.1) <
0.001

Colonoscopy 2 (0.9) 4 (1.8) 0.41

FIT, fecal immunochemical test
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does not charge for additional text messages sent out. The FIT
kits were provided for free by the lab for uninsured patients or
reimbursed by insurance companies or Medicaid. The kits and
the intervention letter were mailed inside a standard A9-sized
envelope (i.e., half the size of a normal sheet of print paper)
($0.10/envelope) using a standard first class postage stamp
($0.55/envelope). Additional address and test sample labels
cost $0.03 per mailed FIT kit. There were 38 additional
participants screened in the intervention arm, resulting in a
cost of $4.01 per every additional participant screened.
No harms were observed.

DISCUSSION

This study assessed the impact of a multimodal intervention
using a behaviorally informed intervention design on colorec-
tal cancer screening rates in an urban, racially and ethnically
diverse, and underserved population. Our intervention resulted
in a higher colorectal screening rate compared to the standard
practice in a traditionally difficult to reach population. A series
of SMS offering opt-out mailed home test kits were a feasible
and effective alternative to the current practice of single SMS
reminders.
Previous research has shown the effectiveness of a number

of individual tools used in this intervention design, including
pre-alert communications,20,21,41,42 opt-out defaults,43 SMS
reminders,34–36 mailed fecal home test kits,11,19 and the im-
portance of message content within screening communica-
tions.22–24 This study assesses their impact when combined
in a multimodal intervention for CRC screening and the ob-
served success likely reflects a collection of mechanisms
working alone or together.
The intervention may have logistical appeal for health pro-

grams. First, providing mailed FIT kits for home use based on
population level eligibility reduces health system
burden—potentially supplanting the need for appointments
to discuss and refer for screening. Second, this kind of auto-
mation replaces individual clinicians’ need to opportunistical-
ly recognize and refer patients overdue for screening who are
presenting with other primary clinical complaints. Third, by
providing mailed test kits to anyone due for screening without
relying on face-to-face clinical encounters, the intervention
also reaches individuals who would otherwise not have made
contact with the clinic. Finally, text messaging was a low cost
option for ongoing engagement with patients, and it may be a
preferred communication option for underserved populations.
The design of this trial has strengths. (1) The intervention

achieved a large increase in CRC screening participation in a
population with historically low screening rates: by targeting
an underserved population served by a FQHC; (2) the trial was
pragmatic: using existing and in-use communication channels,
the trial caused minimal disruption to staff; (3) using current
usual care as the control arm, it allowed a direct comparison to
current practice and how this could be improved; (4) because

consent was waived, it was not limited to those more motivat-
ed individuals who consent for trials, but instead applied to an
unselected population, more likely to represent those who
would be subject to the intervention outside of the trial.38 (5)
The intervention was provided at no cost to participants and
clearly identified as such, thereby mitigating a potential finan-
cial barrier. The FQHC also agreed support participants re-
quiring further investigations (e.g., with colonoscopy), to find
emergency Medicaid coverage, where their health insurance
status might leave them out of pocket.
This study has several limitations. First, due to its pragmat-

ic, combined intervention design, it is not possible to assess
the effect of each individual element of the intervention design
on CRC screening participation. Previous trials testing indi-
vidual elements have shown different effect sizes. For exam-
ple, a previous study found a 19.5 percentage points increase
in participation in individuals offered to opt-out (29.1% opt-
out) compared to those offered to opt-in (9.6%).10 However,
this study was conducted in a large health system serving an
affluent population in which less than 10% were either unin-
sured or Medicaid insured.
Second, our follow-up period covered only 12 weeks post

intervention. However, 2 months of additional EHR review
identified only two further colonoscopies and one further FIT
test completed, suggesting that most participants responded
within the first 3 months. Third, SMS-based interventions rely
on the clinic holding high levels of accurate mobile phone
numbers, and policies that do not require separate consent for
text messaging interventions. In this trial, only 9.5% of par-
ticipants were excluded due to a lack of mobile phone number
recorded on the EHR.

CONCLUSION

Systematic outreach for colorectal cancer screening using
SMS pre-alerts and reminders with behaviorally informed
content and opt-out mailed FIT kits can substantially improve
effective screening in an underserved primary care population.
A cancer screening strategy cannot rely solely on the avail-
ability of effective cancer screening tests; this also requires
effective patient engagement. While we cannot identify which
individual elements of this intervention design work, every
element is within reach of most health care programs and
could be provided at low cost, creating the possibility of
implementation at scale.
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