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Abstract

Background: Cancer survivors treated with any dose of radiation to the abdomen, pelvis, spine, or total body irradia-
tion (TBI) are at increased risk for developing colorectal cancer (CRC) compared to the general population. Since ear-
lier detection of CRC is strongly associated with improved survival, the Children’s Oncology Group (COG) Long-Term
Follow-Up Guidelines recommend that these high-risk cancer survivors begin CRC screening via a colonoscopy or a
multitarget stool DNA test at the age of 30years or 5 years following the radiation treatment (whichever occurs last).
However, only 37% (95% Cl 34.1-39.9%) of high-risk survivors adhere to CRC surveillance. The Activating cancer Sur-
vivors and their Primary care providers (PCP) to Increase colorectal cancer Screening (ASPIRES) study is designed to
assess the efficacy of an intervention to increase the rate of CRC screening among high-risk cancer survivors through
interactive, educational text-messages and resources provided to participants, and CRC screening resources provided
to their PCPs.

Methods: ASPIRES is a three-arm, hybrid type Il effectiveness and implementation study designed to simultaneously
evaluate the efficacy of an intervention and assess the implementation process among participants in the Childhood
Cancer Survivor Study (CCSS), a North American longitudinal cohort of childhood cancer survivors. The Control (C)
arm participants receive electronic resources, participants in Treatment arm 1 receive electronic resources as well as
interactive text messages, and participants in Treatment arm 2 receive electronic educational resources, interactive
text messages, and their PCP’s receive faxed materials. We describe our plan to collect quantitative (questionnaires,
medical records, study logs, CCSS data) and qualitative (semi-structured interviews) intervention outcome data as well
as quantitative (questionnaires) and qualitative (interviews) data on the implementation process.

Discussion: There is a critical need to increase the rate of CRC screening among high-risk cancer survivors. This
hybrid effectiveness-implementation study will evaluate the effectiveness and implementation of an mHealth
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within the high-risk cancer survivor population.

implementation design

intervention consisting of interactive text-messages, electronic tools, and primary care provider resources. Find-
ings from this research will advance CRC prevention efforts by enhancing understanding of the effectiveness of an
mHealth intervention and highlighting factors that determine the successful implementation of this intervention

Trial registration: This protocol was registered at clinicaltrials.gov (identifier NCT05084833) on October 20, 2021.
Keywords: Colorectal cancer, cancer survivor, cancer prevention, cancer screening, Hybrid effectiveness-

Background

Cancer survivors and CRC risk

With the tremendous success in the treatment of child-
hood and adolescent cancer, there is a growing popula-
tion of over 500,000 childhood cancer survivors in the US
[1]. However, childhood cancer survivors are at risk for
morbidity and premature mortality associated with their
primary cancer and its treatment, with a 10.4year loss of
life expected compared to the general population [2-5].
While recurrence of the primary disease is the lead-
ing cause of premature mortality, subsequent malignant
neoplasms (SMN) are the second leading cause among
childhood cancer survivors. Focused efforts for early
identification and prevention of these SMNs are needed
to reduce mortality in this population.

A standardized incidence ratio (SIR), the ratio of the
observed number of cases in a cohort compared to the
expected number in the age-matched general population,
indicates that childhood cancer survivors treated with
abdominal or pelvic radiotherapy (RT) are almost four
times (SIR 4.2, 95% CI 2.8-6.3) more likely to develop
CRC compared to the general population, with their ele-
vated risk evident by the age of 30years with no plateau
[6]. In fact, CRC represents the greatest absolute excess
risk (AER) of all digestive subsequent primary neoplasms
(SPNs) in childhood cancer survivors, with 11 excess
colorectal cancers per 100,000 person-years (95% CI:
9-13) [7]. As in the general population, childhood cancer
survivors usually develop screen-detectable adenomas
prior to the development of a carcinoma [8, 9]. Since ear-
lier detection of precancerous lesions (i.e., adenomas) is
strongly associated with improved survival in the general
population, screening with colonoscopy or a multitarget
stool DNA test is recommended by the Children’s Oncol-
ogy Group Long-Term Follow-Up Guidelines [10, 11]
starting at age 30years or 5years following RT (which-
ever occurs last) in all survivors exposed to any dose of
RT to the abdomen, pelvis, spine, or total body irradia-
tion (TBI).

Prior work has shown that most survivors are unaware
of: 1) their risk for SMN, including CRC; and 2) their
recommended screening [12]. The majority of adult sur-
vivors of childhood cancer are no longer followed at a

cancer center, and most primary care physicians (PCP)
who care for survivors are similarly unaware of the risks
or guidelines for CRC screening [13, 14]. Consequently,
many survivors at elevated risk for CRC are not screened
according to current recommendations, placing them at
risk for preventable morbidity and premature mortality.
Indeed, only 37% (95% CI 34.1-39.9%) of high-risk survi-
vors adhere to CRC surveillance [15].

Present study

This article describes a hybrid type II effectiveness and
implementation study, entitled, “Activating cancer Survi-
vors and their Primary care providers (PCP) to Increase
colorectal cancer Screening” (ASPIRES). The interven-
tion trial will simultaneously focus upon the effective-
ness of an mHealth intervention for participant CRC
screening completion (colonoscopy, negative multitarget
stool DNA test, or positive multitarget stool DNA test +
colonoscopy) and the evaluation of the implementation
process using the Consolidated Framework for Imple-
mentation Research (CFIR) [16]. This article highlights
the intervention design and study procedures related to
conducting a hybrid effectiveness-implementation study
targeting childhood cancer survivors.

To accomplish the study objectives, the project will uti-
lize the infrastructure of the Childhood Cancer Survivor
Study (CCSS), a 31-institution retrospective cohort that
includes 25,655 5-year survivors of childhood cancer
diagnosed and treated in the United States and Canada
between 1970 and 1999. The CCSS Coordinating Center,
located at St. Jude Children’s Research Hospital, is a piv-
otal partner in this project [17].

Conceptual framework

The ASPIRES study is guided by the Patient Activa-
tion Model [18], which suggests that activated patients
are better prepared to participate in self-management.
Patient activation is the degree to which an individual
understands they must play an active role in manag-
ing their own health and health care, and the extent to
which they feel able to fulfill that role [19]. Individuals
with higher levels of patient activation are more likely to
undergo screening [20]. Activation involves four stages:
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(1) believing that taking an active role as a patient is
important; (2) having the confidence and knowledge nec-
essary to take action; (3) taking action to maintain and
improve one’s health; and (4) staying the course even
under stress [18].

Although the Patient Activation Model is a vital com-
ponent of our conceptual model, we will include other
important variables, many of which are from the Health
Belief Model [21, 22] and the Transtheoretical Model
[23-27]. These variables include benefits and barriers to
screening; implementation intentions; perceived serious-
ness of susceptibility to CRC; and self-efficacy.

The ASPIRES study is enhanced by direct health
care provider activation. PCP activation is designed to
increase provider knowledge about the high-risk status
of childhood cancer survivors and national screening rec-
ommendations, improve the motivation to discuss with,
and order testing for, their patients, and facilitate effec-
tive information exchange and communication [28, 29].
We will examine specific factors (i.e., years in practice,
location, knowledge) that may impact PCP activation.

Objectives

The ASPIRES study will assess the effectiveness, cost-
effectiveness, and implementation of an intervention to
increase the rate of CRC screening (colonoscopy and/or
multitarget stool DNA test) among high-risk cancer sur-
vivors through interactive, educational text-messages and
electronic resources provided to participants, and CRC
screening resources provided to their primary care pro-
viders. The study objectives are listed below:

Primary objective

Evaluate the difference in the proportion of patients who
complete the colonoscopy or multitarget stool DNA test
(multitarget stool DNA test plus colonoscopy if mul-
titarget stool DNA test is positive) within 12 months of
enrolling on this study; this will be measured via self-
report questions in the patient questionnaire.

Secondary objectives

1. Evaluate the difference in the proportion of patients
who complete the colonoscopy or multitarget stool
DNA test (multitarget stool DNA test plus colonos-
copy if multitarget stool DNA test is positive) within
12months of enrolling on this study; this will be
measured via medical record confirmation.

2. Explore differences in the rates of completion of the
colonoscopy or multitarget stool DNA test (multi-
target stool DNA test plus colonoscopy if multitarget
stool DNA test is positive) between the two interven-
tion arms.
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3. Use the CFIR to evaluate the implementation process
and identify potential barriers and facilitators to the
uptake of the intervention.

4. Identify potential moderators and mediators of the
uptake of CRC screening that may strengthen or
weaken the effectiveness of the proposed interven-
tion.

5. Estimate the costs and incremental cost-effectiveness
of the proposed intervention.

Methods

Study design

We will use a hybrid type II effectiveness and implemen-
tation design [30], to study the intervention’s effective-
ness while also identifying facilitators and barriers to
the implementation of the intervention [31]. While the
University of Chicago will manage the study, our part-
ners will play key roles. Memorial Sloan Kettering Cancer
Center collaborators will conduct much of the data analy-
sis, Columbia University colleagues will lead the cost and
cost-effectiveness analysis, and the CCSS Coordinating
Center partners at St. Jude Children’s Research Hospital
will lead participant recruitment, administer the elec-
tronic informed consent process (see Additional File 1),
create a study website for participants within their pre-
viously established personal study portal, and implement
a messaging plan to communicate key study components
to participants.

Participants will be randomized to one of three arms;
the Best Practices Control (C) arm receives electronic
educational resources (see Additional File 2) via the study
website, the C+ Patient Activation (PA) arm receives
electronic educational resources via the study website as
well as interactive text messages with links to videos and
resources, and the C+ PA +PCP Activation arm receives
electronic educational resources via the study web-
site, interactive text messages with links to videos and
resources, and their PCPs are faxed educational materials
(Fig. 1). For the purposes of this study, a PCP refers to a
primary care provider or some other health care provider
who the survivor sees regularly for care and who can
order health screenings. Randomization will be stratified
by age at study enrollment (30—-44 and > 45years). We
will use a permuted block randomization scheme with a
random block size ranging from 6 to 12. The study prin-
cipal investigators will be blinded to arm assignment.

Participants will be in the study for up to 15months.
All participants will complete a baseline and 12-month
questionnaire via the CCSS Long-Term Follow Up
study website (“My LTFU”). After completion of each
of these questionanires, a participant will receive a $50
Amazon giftcard. A sample of 20 participants from
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Sample of Participants, PCPs, and Medical
Office Staff are interviewed

each intervention arm will be invited to take part in an
interview within 3 months after the completion of the
12-month questionnaire (see Implementation Outcome
section below for more details). These interviewees will
each receive a $50 Amazon giftcard. The primary care
provider of each participant will complete a faxed base-
line and 12-month questionnaire which include items to
measure PCP activation, demographics, experience and
comfort level providing care to cancer survivors, and
knowledge about the healthcare needs of childhood can-
cer survivors; the 12-month questionnaire also includes
CFIR items to aid in the evaluation of the implementa-
tion process. The PCPs will receive a $25 Amazon gift-
card for completion of the baseline questionnaire, and
a $50 Amazon giftcard for completion of the 12-month
questionnaire. To gather additional data regarding the
implementation process, we will also ask one medical
office staff member associated with each participant’s
PCP to complete a 12-month questionnaire via the

phone. The medical office staff members will each receive
a $25 Amazon giftcard for completion of the question-
naire. A sample of 20 primary care providers and 20
medial office staff from each intervention arm will take
part in an interview within 3 months after the comple-
tion of thel2-month questionnaire. Each interviewee will
receive a $50 Amazon giftcard. We will identify each par-
ticipant’s primary care provider by including a required
section on the baseline questionnaire for participants
to provide their PCP’s name and contact information.
Similarly, the contact information for one medical office
staff member working with each PCP will be collected
via the baseline survey completed by each PCP. Partici-
pants without a PCP will be provided with a resource to
encourage them to find a PCP, and will be asked repeat-
edly throughout the study to provide the study team with
contact information for their PCP if one has been iden-
tified. The current study was approved by the University
of Chicago Institutional Review Board (IRB20-1247), St.
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Jude Children’s Research Hospital Institutional Review
Board (IRB21-0901), Memorial Sloan Kettering Can-
cer Center Institutional Review Board (IRB21-446), and
the Columbia University Institutional Review Board
(IRB-AAAT9278).

Study participants

Eligibility

We plan to enroll 315 participants on the study. To con-
firm eligibility, participants will complete an eligibility
survey. Participants must meet the following criteria in
order to enroll on the study: 1) have previously enrolled
in CCSS, 2) age >30years old, 3) were treated with radia-
tion to the abdomen, pelvis, spine, or total body irradia-
tion, 4) no history of CRC, 5) no family history of CRC,
6) have not had a colonoscopy in the last 5years or
multitarget stool DNA test in the last 3years, 7) have a
smartphone, 8) reside in the United States, and 9) speak
English.

Table 1 Characteristics of eligible CCSS participants (h=1139)
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Recruitment

We will recruit participants from the CCSS; there are
currently 1139 CCSS participants who fulfill the eligi-
bility criteria (Table 1) [17]. The St. Jude CCSS Coordi-
nating Center will recruit batches of 20-50 participants
every few weeks. We will randomly sample from a list
of eligible CCSS participants; we are planning to over-
sample racial minorites. Those who meet inclusion cri-
teria will be emailed an invitation letter. After 2 weeks,
a mailed letter will be sent to non-responders. A CCSS
phone interviewer will call potentially eligible cohort
members who fail to respond to two invitation letters and
invite them to participate. We will continue attempting to
accrue subjects from the eligibility list until 315 partici-
pants have been randomized into the study.

Intervention
Figure 1 summarizes the intervention components that
will be randomly assigned to each arm.

Characteristic | N | %

Current Age

2 50 years 319 28

30-49 years 820 72
Race/Ethnicity

White 1,018 | 90

Black 52 4.6

Other/Mixed race 63 56
Primary Cancer Diagnosis

Bone Cancer 37 3.2

Huntington's Disease (HD) 214 19

Leukemia 190 17

Wilms 268 24

Central Nervous System (CNS) Tumors | 233 20

Sarcoma 67 59

Neuroblastoma 77 6.8

Non-Hodgkin Lymphoma (NHL) 53 4.7
Gender

Female 584 51

Male 555 49
Other

Insured | 1,060 ] 93
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Electronic resources

The following downloadable, electronic resources were
designed by the study team and will be available to all study
participants via the study website (see Additional file 2):

« Survivorship Care Plan (SCP): an overview of past
cancer treatment and screening recommendations
personalized for the participant

+ How to Use the SCP: a one-page tip sheet for using
the SCP

+ DPotential Benefits and Other Considerations of Colo-
rectal Cancer Screening: an overview of important
factors to consider when making a choice about CRC
screening

+ Tip Sheet: Applying for Health Insurance: a step-by-
step process for applying for health insurance using
the Health Insurance Marketplace

+ How to Find a Primary Care Provider: tips for steps
to take to find a PCP

» Financial Assistance Options: contact information
for various sources of financial assistance for CRC
screening

+ Letter for Insurance Company: a letter for partici-
pants to share with their insurance company to help
with coverage for CRC screening

The SCP will be personalized for each participant: the
study team will generate a draft SCP using previously
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collected data from the CCSS, an advanced practice reg-
istered nurse (APRN) will review the SCP for errors, and
the study manager will upload the SCP to the website.

Text-message intervention

Based on feedback from our PCP advisory board,
comprised of 9 General Internists, Family Physicians
and Gynecologists, and preliminary data from the
EMPOWER study [32] which utilized a similar text-
message intervention to encourage breast cancer screen-
ing, we designed a interactive text-message intervention
via the Mosio texting platform (Fig. 2). The text-message
intervention employs the Patient Activation Model,
which suggests that activated patients are better prepared
to participate in self-management [18].

The texts include questions to be answered by the
participants, educational links, reminders to view the
study resources via the CCSS myLTFU website, and
links to four videos on important topics. The following
videos ranged from 60 to 90seconds in length and were
scripted and filmed by the study team using Zoom: 1)
The Importance of Regular PCP Appointments for Can-
cer Survivors, 2) Perspective from a Cancer Survivor, and
3) Expected Cost of a Colonoscopy or multitarget stool
DNA test.

In addition, in collaboration with the video anima-
tion company Splainers, we created a 60-second video
explaining the key attributes of both a colonoscopy and
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a multitarget stool DNA test. Based on how they answer
the questions, participants will receive study texts for a
duration of 2—-11 months. The text message intervention
was thoroughly tested and reviewed by the study team to
ensure accuracy.

Primary care provider resources
Informed by PCP activation strategies used by other
studies with a similar focus to increase cancer screening
rates [13, 14], the study team created the following pri-
mary care provider resources:

« Cover Letter: summary of patients SCP, contact
information for study team

« Executive Summary: overview of current CRC
screening recommendations

+ FAQ Page: answers to common questions such as
“How often should high-risk patients be screened for
colorectal cancer?”

+ Insurance Letter Template: a letter to share with a
patient’s insurance company to help with coverage
for CRC screening

The PCP resources will be faxed along with the baseline
survey.

Table 2 Primary and Secondary outcome measures
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Outcome measures

Table 2 provides an overview of effectiveness and imple-
mentation outcomes, including operational definitions,
data sources, and data collection timing details.

Effectiveness outcomes

CRC screening rate 'The primary effectiveness outcome
is CRC screening completion within 12months after
randomization. CRC screening completion is defined as
the proportion of participants who self-report obtaining
a colonoscopy or multitarget stool DNA test (multitar-
get stool DNA test plus colonoscopy if multitarget stool
DNA test is positive). A secondary effectiveness outcome
is CRC screening completion by 12months after rand-
omization, as measured through medical record report
confirmation. Study team members will reach out to
retrieve a medical record report to confirm CRC screen-
ing for each participant who reports that screening was
completed within 12 months of randomization.

Through participant questionnaire items, we will
assess key factors which may be associated with CRC
screening completion (Table 3). Participant activa-
tion will be measured through the Patient Activation
Measure (PAM) short form [33]. PCP activation will be

months of randomization

Outcome (type) Operational Definition | Data Source | Timing
Primary Outcome
CRC screening rate (Eff) Proportion of participants who report obtaining a Participant questionnaire 12 months after
colonoscopy or Cologuard test (Cologuard test plus (quant) randomization

colonoscopy if Cologuard is positive) within 12

Secondary Outcomes

CRC Screening rate (Eff)

Proportion of participants who report obtaining a
colonoscopy or Cologuard test (Cologuard test
plus colonoscopy if Cologuard is positive) within 12
months of randomization

Medical record reports (quant)

12 months after
randomization

Barriers and Facilitators (Imp)

Potential barriers and facilitators to the uptake of
the intervention at both the patient and provider
level as measured by CFIR questions (CFIR
questions measure intervention characteristics,
outer setting, inner setting, characteristics of
individuals, and process)

Participant and PCP CFIR
questionnaires (quant) [16];
Participant and PCP interviews
(qual)

Up to 15 months after
randomization

Moderators and Mediators of
Screening Update (Eff)

Moderators include participant age, gender,
educational attainment, health insurance coverage,
types of insurance, chronic health conditions, and
racelethnicity as well as PCP factors such as
knowledge, years in practice, and practice setting.
The potential mediators in this study include the
patient's perception of involvement in decision
making, health insurance coverage, and whether
the patient reviewed the study resources and
videos.

Participant and PCP
questionnaires (quant); Data
from Childhood Cancer
Survivor Study (quant) [17]

12 months after
randomization

Cost and Cost-Effectiveness
(Eff)

Intervention costs, subsequent attributable health
care costs, and incremental cost per additional
participant screened

Participant questionnaire
(quant); Study logs and
expense reports (quant)

12 months after
randomization

Eff Intervention effectiveness outcome, /mp Implementation outcome, qual qualitative measure, quant quantitative measure
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Table 3 Key factors associated with CRC screening completion
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questionnaire

Factors Data Source Timing
Participant
Changes in patient activation
Participant activation Patient Activation Measure short form [33] in participant Baseline and

12 months after randomization

Changes in Health Belief Model
Benefits of & barriers to survivor care,
Susceptibility of late effects

Intentions to CRC screening and

Adapted Champion Benefits Scale for Mammography
Screening [35] in participant questionnaire

Adapted from Ajzen's Theory of Planned Behavior [34]

Baseline and
12 months after randomization

Baseline and

LTFU care in participant questionnaire 12 months after randomization
Seli-efficacy PROMIS Self-Efficacy Manage Social Interactions & Baseline and
Managing Symptoms, Medications &Treatments Short 12 months after randomization
Form [36-37] in participant questionnaire
Current Health Baseline and
Symptoms BSI-18 [38] in participant questionnaire 12 months after randomization

Environmental Resources

Income, employment, insurance, Data from Childhood Cancer Survivor study and Baseline
primary care source participant baseline survey [17]
Sociodemographics, personal health | Data from Childhood Cancer Survivor study and Baseline
pariicipant baseline survey [17]
Primary Care Provider (PCP)
Changes in PCP activation
PCP activation PCP questionnaires Baseline and

12 months after randomization

Demographics
Age, gender, years in practice, practice
setting

PCP questionnaires

Baseline and
12 months after randomization

Experience and comfort level
Number of survivors seen in last 5
years, frequency of receiving a SCP,
comfort level with caring for survivors
(Likert scale), familiarity with
guidelines

PCP questionnaires

Baseline and
12 months after randomization

Knowledge
Hypothetical vignette to query
screening knowledge

PCP questionnaires

Baseline and
12 months after randomization

evaluated through targeted questions in the 12-month
PCP questionnaire. Intention to have CRC screening
will be measured through questionnaire items devel-
oped based on the Theory of Planned Behavior [34].
In order to evaluate the benefits and barriers to CRC
screening and the perceived seriousness of susceptibil-
ity to CRC, we adapted questions from the Champion
Benefits Scale for Mammography Screening [35]. We
will use the Patient-Reported Outcomes Measurement
Information System (PROMIS) questionnaire to meas-
ure self-efficacy [36, 37].

Other participant-level factors that will be measured
via targeted questions in the baseline and 12-month
questionnaires include current health, environmental
resources, sociodemographics, and personal health. Cur-
rent psychological health will be measured through the
Brief Symptom Inventory (BSI-18) [38]. Other PCP-level
factors that will be evaluated include demographics,

experience and comfort level providing care to cancer
survivors, and knowledge about the healthcare needs of
childhood cancer survivors.

Moderators and mediators Another secondary effec-
tiveness outcome is the assessment of potential mod-
erators and mediators [39]. In this study, the potential
moderators include patient characteristics, such as
age, gender, educational attainment, health insurance
coverage, types of insurance, chronic health condi-
tions, and race/ethnicity as well as PCP factors such as
knowledge, years in practice, and practice setting. The
potential mediators may include the patient’s percep-
tion of involvement in decision-making, health insur-
ance coverage, and whether the patient reviewed the
study resources and videos. We will measure these
moderators and mediators via the patient question-
naires, PCP questionnaires, and previously collected
data from the CCSS.
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Cost and cost effectiveness The final secondary effective-
ness outcomes are the cost and cost-effectiveness of the
intervention; these will be measured by estimating inter-
vention costs and the costs of subseuqnt health services
attributable to the intervention. Costs for each compo-
nent of the intervention (e.g. materials, text messaging
design, etc.) will be collected to estimate the cost per
person. These costs will be tracked by the study team via
study logs and expense reports. In the 12-month survey,
we will ask participants about routine or acute medical
visits, whether any visit was for gastrointestinal symptoms
or conditions or concern about CRC risk, and whether
such visits occurred before or after screening, among
those who report colonoscopy or multitarget stool DNA
test. This data will allow us to quantify the costs of health
care services whose use may be attributable to the inter-
vention. Incremental cost-effectiveness ratios will be esti-
mated as the incremental cost per additional participant
screened by 12 months, comparing the three study arms.

Implementation outcome

We will employ a mixed methods approach to assessing
the implementation process from both the participant
and the provider perspective.

Barriers and facilitators The secondary implementa-
tion outcome is the assessment of barriers and facilitators
to the uptake of the intervention. The CFIR provides a
structure for evaluating an implementation process [16].
We selected constructs from each of the 5 major CFIR
domains (intervention characteristics, outer setting,
inner setting, characteristics of individuals and process)
as they relate to our intervention (Table 4). PCPs will be
asked CFIR questions as part of the 12-month question-
naire and as a component of the end of study interview.
In order to develop a more comprehensive understanding
of the barriers and facilitators to the implementation of
the intervention, we have also included CFIR questions
in the 12-month questionnaires and interviews for the
participants.

A sample of 20 participants in each intervention arm
will be selected for the CFIR interviews. Interviewees
will be selected based on their CRC screening behav-
ior since enrolling on the study. In each intervention
arm,10 participants who completed CRC screening and
10 participants who did not complete CRC screening
will be interviewed. Similarly, a sample of 20 PCPs from
each intervention arm will be selected for a CFIR inter-
view. In each intervention arm, 10 PCPs of participants
who completed CRC screening since joining the study,
and 10 PCPs of participants who did not complete CRC
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screening since joining the study will be interviewed.
Interviews will be conducted and recorded via Zoom,
and the study team will transcribe all interviews using
Temi, a speech transcription service available online.

Data sources

We will use a REDCap database, DatStat database, ques-
tionnaires, interviews, medical records, previously col-
lected CCSS data, and study logs to collect data for the
ASPIRES study. At the conclusion of the study, the statis-
tics team at Memorial Sloan Kettering will have access to
the final trial dataset.

REDCap database

Personnel at the University of Chicago will manage a
secure REDCap database which will contain PCP and
medical office staff questionnaire data, medical record
confirmation results, all interview transcripts, and select
participant questionnaire data. The PROMIS [36, 37],
PAM [33], and BSI-18 [38] surveys are components of the
participant baseline and 12-month questionnaires; these
surveys will be scored, and the scores will be stored in the
REDCap database.

DatStat database

St. Jude personnel will maintain the DatStat database
which will store all participant baseline and 12-month
questionnaire data. The University of Chicago team
members will have access to this data to score select sur-
veys (see REDCap database above).

Questionnaires

We will collect baseline and 12-month participant ques-
tionnaires, baseline and 12-month PCP questionnaires,
and a 12-month medical office staff questionnaire. To
develop the participant questionnaires, the study team
compiled all items in existing instruments such as the
PAM [33], PROMIS [36, 37], and BSI-18 [38]. The study
team also included modified items from a mammogra-
phy screening tool [35], items developed based on Aizen’s
Theory of Planned Behavior [34], CFIR items developed
with the input of an expert on the study PCP advisory
board [16], and other items designed to capture all signif-
icant variables such as CRC screening completion, mod-
erator and mediator data, and cost information.

To create the primary care provider questionnaires, the
study team modified an 18-item survey which was pre-
viously administered to measure family physician knowl-
edge regarding the care of childhood cancer survivors
[14]. The study team edited this questionnaire to include
CFIR items and questions to measure key demographic
variables [16]. The medical office staff questionnaire was
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Table 4 CFIRitems for participants and primary care providers
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Outer Setting

when you were making
the decision whether
or not to have a
colorectal cancer

received for this
study played a
significant role in my
colorectal cancer

the top needs and
preferences of pediatric
cancer survivors? How
do you stay up-to-date

Participant Primary Care Provider
CFIR Domain Qualitative Data Quantitative Data Qualitative Data Quantitative Data
(Interviews) (Surveys) (Interviews) (Surveys)
Can you give us some | The survivorship How do you feel about Increasing colorectal
suggestions on care plan was the quality of the tools cancer screening rates
improving the text helpful. (1=strongly you received in the for pediatric cancer
lhisrieition messaging? What disagree and 10 = beginning _of the study? surviv_ors is one of my
Chatactaniation messages will work strongly agree) Can you give us some top priorities.
better? Any specific suggesting on (1=strongly disagree
content we should add improving the tools? and 10 = strongly
or omit? agree)
What did you consider | The text messages | | What do you think are For me, addressing the

needs of pediatric
cancer survivors is a top
priority.

care for your pediatric
cancer survivors?

screening? screening decision. on the needs of this
population?
What are your Colorectal cancer How do you feel about | have a sense of
thoughts about can be prevented your personal personal responsibility
Inner Setting colorectal cancer through colorectal responsibility for for improving the quality
screening? cancer screening. improving the quality of | of care and outcomes

for pediatric cancer
SUurvivors.

Characteristics
of Individuals

Were you able to
overcome any barriers
to get screened for
colorectal cancer?

| was confident
about my colorectal
cancer screening
decision.

How do you feel about
your ability to
recommend colorectal
cancer screening at the
appropriate age for your
patients who survived
pediatric cancer?

| am confident and can
do well in
recommending
colorectal cancer
screening to my
patients who survived
childhood cancer.

Process

Did you feel as though
your primary care
provider was invested
in whether you
received colorectal
cancer screening?

My doctor wanted
metogeta
colorectal cancer
screening.

How do you feel about
your investment in
whether your patients
who have survived
childhood cancer
receive colorectal
cancer screening at the
appropriate age? What
would make this more
of a priority to you?

| have a plan to
incorporate the lessons
learned from this
intervention into
improving care for
cancer survivors in my
healthcare setting.

designed by the study team to gather additional feedback
on the implementation of the intervention from the help-
ful perspective of a staff member working alongside the
PCPs. All questionnaires were reviewed by the study PCP
advisory board which includes many clinician-research-
ers, two psychologists, multiple primary care providers, a
research nurse with expertise in CFIR, a cancer survivor/
social worker, among other experts.

Interviews
We will conduct structured interviews with 20 pri-
mary care providers, 20 medical office staff, and up to

20 participants from each intervention arm to collect
data on the implementation process (see Implementa-
tion Outcome section above for more details). We used
the CFIR to guide the creation of the interview guides
[16]. All interviews will be transcribed using Temi, and
the transcription will be uploaded into the REDCap
database.

Medical record reports

CRC screening reports for participants who note that
they had a colonoscopy and/or multitarget stool DNA
test will be obtained by contacting the ordering provider.
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In the 12-month questionnaire, participants will be asked
to provide contact information for the healthcare pro-
vider who ordered their CRC screening. Study personnel
will obtain the CRC screening reports and input the data
into the REDCap database.

CCSS data

Age, gender, diagnosis of chronic health conditions, and
race/ethnicity data for enrolled participants will be pro-
vided from previously collected data by the CCSS [17].
Since all ASPIRES study participants were previously
enrolled on the CCSS, we have access to data from the
surveys administered as part of this study. The CCSS Sta-
tistics and Data Center at Fred Hutchinson will send this
data via a spreadsheet to the ASPIRES study statistical
team at Memorial Sloan Kettering Cancer Center.

Study logs

Study personnel will track the cost of intervention com-
ponents (e.g., material creation, text message design, per-
sonnel time to accomplish key tasks etc.) via a study log
spreadsheet.

Data analysis plan

Primary efficacy analysis

The primary analysis involves comparing the propor-
tion of participants who report obtaining a colonoscopy
or negative multitarget stool DNA test report or positive
multitarget stool DNA test report in combination with
a confirmed colonoscopy (completed screening test) in
each intervention arm to the control arm. To account for
the randomization strata and the sampling scheme, this
difference will be estimated by taking a weighted average
of the differences in stratum-specific proportions. The
test of the difference in proportions will be done using a
Cochrane-Mantel-Haenszel test [40].

CFIR analysis

For the CFIR quantitative data, we will calculate a mean
score of each statement and compare the arm differ-
ences using ANOVA (Analysis of Variance) [16]. For the
CFIR qualitative data, we will use a template analysis
approach to code and organize the data. Template anal-
ysis is a form of thematic analysis that emphasizes the
use of hierarchical coding but balances a relatively high
degree of structure in the process of analyzing text data
with the flexibility to adapt it to the needs of a particu-
lar study [41]. We will develop a codebook, which will
include CFIR constructs. The codebook will provide the
operational definition of each code, and the inclusion
and exclusion criteria. The coder will interpret the data
first and then apply the CFIR code that reflects a poten-
tial barrier or facilitator being described. We will have

Page 11 of 15

four different coders who have experience in qualita-
tive research to code the same data. In addition, we will
evaluate the interrater reliability. The four coders will
meet to discuss and reach a consensus on any coding dis-
crepancies. Finally, using a convergent mixed-methods
approach [42], we will merge the quantitative and quali-
tative data, organized by the 5 CFIR domains to evaluate
which constructs were associated with, or more preva-
lent among patients who had colonoscopy or multitar-
get stool DNA test and those who did not (test yes v. test
no), those who had positive multitarget stool DNA test
and had a colonoscopy and those who did not complete
a colonoscopy, and those whose PCPs ordered a test and
those who did not (regardless of whether a survivor had
a test); this will allow us to comprehensively evaluate
facilitators and barriers to ordering and completing CRC
screening to make recommendations for future adapta-
tion and sustainability.

Moderators and mediators analysis

Since our outcome variable is dichotomous (screened or
not screened), we will use logistic regression to assess the
moderator effect of these characteristics on the relation-
ship between the intervention and the primary outcome:
log [Pi (1 — Pi)]=P0+P1X+P2Z+ B3 XZ+e, where Pi
is the probability for patient i, p1 is the coefficient of the
predictor X, B2 is the coefficient of the moderator Z, 33
is the coefficient of the product term XZ, and e is the
error. We will use the likelihood ratio test to compare
the nested models (the first-order model log [Pi (1 —
Pi)] =p0+P1X+ p2Z+e and the higher-order model log
[Pi (1 — Pi)]=PpO0+P1X+ p2Z+ p3 XZ+e). The change
in the — 2 Log Likelihood (—2LL) will be examined to see
whether adding the product term to an existing additive
regression equation would significantly increase the pre-
dictability. When the change is significant, a moderator
effect is considered.

To explore the mediator effect, we will follow
MacKinnon et al’s [43] recommendations and exam-
ine potential factors in a post hoc manner. We will use
fit path analysis models using the statistical packages
LISREL or EQS, inspect path coefficients, and choose
the appropriate statistical tests of mediating effects
according to MacKinnon et al. [43]. We may also con-
sider testing model equivalence to examine whether the
mediating path model is equivalent across the control
and intervention arms. While several different tests
have been used to test mediating factors, MacKinnon
et al. [43] recommend using tests developed from the
product of coefficients methods, where the param-
eters are estimated using regression, and the standard
error of their product is obtained by the delta method.
This test can be readily implemented using software
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made available by MacKinnon et al. [43]. All analyses
will be adjusted for the stratification factors used at
randomization.

Cost and cost-effectiveness analysis

In addition to estimating the costs of replicating the
intervention, we will also perform a limited cost-effec-
tiveness analysis. We will estimate the cost per addi-
tional screening completed, comparing the 3 study arms.
Consistent with accepted methods of cost-effectiveness
analysis, the numerator of each incremental cost-effec-
tiveness ratio will include both intervention costs, and
the costs of health care services, other than the recom-
mended CRC screening, whose use may be attribut-
able to the intervention. This component — attributable
health care services — will be estimated by multiplying
reported health care visits (measured in the 12-month
participant survey) by unit cost estimates from the
Medicare Physician Fee schedule. Although most study
participants will not be Medicare beneficiaries, Medi-
care’s reimbursement methodology was developed to
reflect true resource cost, thereby serving as a proxy for
unit cost [44]. In sensitivity analysis, we will evaluate a
range of unit cost estimates, both lower and higher than
the average Medicare reimbursement level. Patient time
and travel costs for medical visits will be estimated from
the literature [45].

Because the measure of effectiveness in this analysis
is additional screening completed, the cost-effectiveness
analysis will not include the cost of screening or subse-
quent costs associated with CRC diagnosis and treat-
ment. Resource utilization and cost data are typically
skewed, and therefore the sample size of the trial will
likely be insufficient to detect significant differences in
costs between study arms [19]. Sensitivity analysis will
be used to assess the impact of assumptions and uncer-
tainty on results and conclusions [46, 47]. This analytic
approach is appropriate in economic studies that “piggy-
back” randomized trials [48].
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Sample size and power

The primary aim involves two pair-wise comparisons
of equal importance. We fix the probability of a Type I
error at 0.025 for each comparison in order to main-
tain the overall probability of a Type I error at 0.05. We
powered the study to detect a difference of 20% for each
pair-wise comparison, assuming equal randomization to
each of the three arms, and that approximately 20% of
participants in the control arm will be adherent with rec-
ommended CRC screening. Table 5 shows the power we
expect to have using two-sided Cochrane-Mantel-Haen-
szel tests and indicates that we should have sufficient
power to detect a clinically meaningful difference even if
the proportion of participants in the control arm with the
primary endpoint is somewhat different than we expect.

Discussion

We describe the first Type II Hybrid Implementation
Study to our knowledge to test the efficacy of a mHealth
intervention to improve CRC screening in childhood
cancer survivors at high risk for CRC due to previous
exposure to radiation to the abdomen, pelvis, spine, or
TBI. The importance of this study cannot be understated
in that cancer survivors with this radiation exposure are
almost four times more likely to develop CRC, a prevent-
able cancer, compared to the general population [6].

Limitations and anticipated challenges

There are several limitations to this protocol. The burden
to understand the effectiveness of the mHealth interven-
tion requires robust participation among the PCPs of
enrolled patients and their interest in reviewing the study
materials and completing the questionnaires and inter-
views. While PCPs generally value research and consider
it an important pathway towards the generation of useful
clinical knowledge, they also find it to be administratively
burdensome [49]. Based on feedback from our PCP Advi-
sory Board on how to best address this potential issue,
we have ensured that all PCP study materials are concise,
have included a gift card for participation in each study

Table 5 Power to detect a difference between intervention and control arms

Proportion with Proportion with Difference Power among all
colonoscopy in colonoscopy in participants
the control arm intervention arm

15% 35% 20% 88%

20% 40% 20% 84%

25% 45% 20% 81%
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component, and have developed a structured follow-up
plan to collect any missing data.

We also recognize that apprehension about the cost
of CRC screening may impact the willingness of par-
ticipants to follow through with their screening. Previ-
ous studies indicate that concern about cost is a leading
patient-reported barrier to CRC screening [50, 51]. Since
many insurance companies are unaware that people at
high-risk for developing CRC should begin screening
when they are 30years old, it is possible that younger
participants could have a high out-of-pocket cost for this
screening. To address this challenge, we provide all par-
ticipants with a templated insurance letter they can use
to communicate why CRC screening should be covered
by their insurance company. As part of their study mate-
rials, we also supply participants with a resource which
lists organizations that provide financial assistance for
CRC screening. In addition, participants in the interven-
tion arms receive a video about CRC screening cost as
part of the text-message intervention.

Potential for impact and implications

There is a critical need to increase the rate of CRC screen-
ing among high-risk cancer survivors. This study will
advance our understanding of CRC prevention within the
high-risk childhood cancer survivor population by evalu-
ating both the effectiveness of an mHealth intervention
and assessing implementation strategies that facilitate or
impede intervention outcomes. The study design -a three-
arm, hybrid type II effectiveness and implementation
trial- will inform the development of specific implementa-
tion strategies for the post scale-up of this study and will
provide generalizable, comprehensive, and clinically useful
data for decision makers to ensure future sustainability.
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