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Abstract

Background: Screening for colorectal cancer (CRC) not only detects disease early when treatment is more effective but
also prevents cancer by finding and removing precancerous polyps. Because many of our nation’s most disadvantaged
and vulnerable individuals obtain health care at federally qualified health centers, these centers play a significant role in
increasing CRC screening among the most vulnerable populations. Furthermore, the full benefits of cancer screenings
must include timely and appropriate follow-up of abnormal results. Thus, the purpose of this study is to implement a
multilevel intervention to increase rates of CRC screening, follow-up, and referral-to-care in federally qualified health
centers, as well as simultaneously to observe and to gather information on the implementation process to improve the
adoption, implementation, and sustainment of the intervention. The multilevel intervention will target three different
levels of influences: organization, provider, and individual. It will have multiple components, including provider and staff
education, provider reminder, provider assessment and feedback, patient reminder, and patient navigation.

Methods: This study is a multilevel, three-phase, stepped wedge cluster randomized trial with four clusters of clinics
from four different FQHC systems. In the first phase, there will be a 3-month waiting period during which no
intervention components will be implemented. After the 3-month waiting period, we will randomize two clusters to
cross from the control to the intervention and the remaining two clusters to follow 3 months later. All clusters will stay
at the same phase for 9 months, followed by a 3-month transition period, and then cross over to the next phase.
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Discussion: There is a pressing need to reduce disparities in CRC outcomes, especially among racial/ethnic minority
populations and among populations who live in poverty. Single-level interventions are often insufficient to lead to
sustainable changes. Multilevel interventions, which target two or more levels of changes, are needed to address
multilevel contextual influences simultaneously. Multilevel interventions with multiple components will affect not only
the desired outcomes but also each other. How to take advantage of multilevel interventions and how to implement
such interventions and evaluate their effectiveness are the ultimate goals of this study.

Trial registration: This protocol is registered at clinicaltrials.gov (NCT04514341) on 14 August 2020.

Keywords: Colorectal cancer, Multilevel intervention, Stepped wedge design, Implementation strategy, Federally

qualified health center, FOHC
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Contributions to the literature

e Study findings will provide the evidence base for multilevel
interventions to increase rates of colorectal cancer screening
and follow-up care among racial/ethnic minority and low-
income populations, which disproportionately receive health
care in federally qualified health centers.

e Although the parallel cluster-randomized trial is a gold stand-
ard for causal inference, it may not be feasible in real-world
settings. The stepped wedge design retains some elements
of randomization, allows multiple data collection points, and
enhances the precision of the study. This study will provide
evidence of the flexibility and feasibility of a stepped wedge
design in multilevel interventional studies.

e The effectiveness of an intervention, in part, depends on the
strength of the implementation process. This study will
demonstrate how to use the Consolidated Framework for

Implementation Research (CFIR) to conduct an ongoing

evaluation of the implementation process.

Background

Colorectal cancer control and safety-net health systems
Colorectal cancer is the second leading cause of cancer
death in the United States [1]. Screening for CRC not
only detects disease early when treatment is more effect-
ive but also prevents cancer by finding and removing
precancerous polyps. Although CRC screening is effect-
ive in preventing and reducing CRC mortality, it remains
underutilized. Despite strong evidence to support CRC
screening, nationally, only 68.8% of adults had up-to-
date screening in 2018 [2]. While the percentage of age-
eligible adults who are up-to-date with recommended
CRC screening has been increasing over the years, nearly
28% of the eligible adults have never been screened, and
this figure is even higher among racial/ethnic minorities
and people who live in poverty [3—6].

Individuals who are without health insurance or a
regular care provider are more likely to have never been
screened than those with health insurance and a regular
care provider [3]. Racial/ethnic minorities and people
with low social-economic status (SES) are often among
those who lack health insurance and a regular source of
care. Therefore, the underuse of CRC screening is more
frequent among these populations [4—6]. These popula-
tions also disproportionately receive health care in
safety-net settings, such as federally qualified health cen-
ters (FQHCs) [7, 8]. FQHCs are designed to provide
comprehensive, quality primary healthcare services to
medically underserved communities and vulnerable pop-
ulations. In 2018, FQHCs served 28 million patients, of
whom 23% were uninsured, 63% were racial/ethnic mi-
norities, and 91% were living below 200% poverty level
[9]. Because many of our nation’s most disadvantaged
and vulnerable individuals obtain health care at FQHCs,
these health centers play a significant role in increasing
CRC screening among the most vulnerable populations.

Challenges of colorectal cancer control in safety-net
healthcare systems

Due to the cost and limited availability of specialty ser-
vices combined with patient preferences, safety-net set-
tings often promote non-invasive screening methods,
such as fecal occult blood test (FOBT) or fecal immuno-
chemical tests (FIT), as the modality for screening [10—
13]. To achieve the benefits of CRC screening using
FOBT/FIT, timely follow-up of positive results must
occur. Failure to offer or complete a diagnostic evalu-
ation following a positive FOBT/FIT has several conse-
quences, including late-stage CRC diagnoses. This
failure could undermine the benefits of screening and in-
crease disparities [14—17]. While no national estimates
of the proportion of individuals without follow-up diag-
nostic evaluation after receiving a positive FOBT/FIT
exist, several studies report follow-up rates ranging from
less than 50 to 90% within 1 year of a positive test [18—
27]. Furthermore, follow-up rates varied across
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healthcare systems, with integrated healthcare systems
exhibiting higher follow-up rates by 12 months (82-86%)
compared with safety-net health systems (56—58%) [22,
28-30]. Safety-net healthcare systems not only face chal-
lenges to increase CRC screening rates among racial/eth-
nic minorities and low SES patients but also to increase
follow-up diagnostic evaluation rates after a positive
FOBT/FIT.

Multilevel influences on cancer screening behavior
Individuals live and seek care in a complex environment,
and multiple levels of contextual influences may affect
individual decisions and actions [31, 32]. Traditionally,
behavior change models, such as the Theory of Planned
Behavior Model (TPB), mainly focus on the individual
and do not explicitly show how contextual factors may
affect and interact with the individual. By incorporating
system models, such as the Social Ecological Model, into
an individual behavior change model, we can then ex-
pand such models to consider multilevel contextual in-
fluences, which affect the individual through
interdependent interaction [33]. Figure 1 shows the inte-
grated Social Ecological Model and the TPB Model,
which illustrates a more holistic review of cancer screen-
ing behavior. Multilevel interventions target changes in
more than one contextual level (e.g., organization, pro-
vider, and patient levels) to influence health behavior,
healthcare practice, and health outcomes [34-36]. Al-
though the call for multilevel interventions has increased
[36—39], there is still a lack of evidence addressing how
to implement multilevel interventions or how interven-
tions at multiple levels interact and affect health
outcomes.
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Aims and objectives

ACCSIS-Chicago  (Accelerating  Colorectal ~ Cancer
Screening and Follow-up Through Implementation Sci-
ence — Chicago) is a 4-year study. The overall objective
of this study is to provide the evidence base for multi-
level interventions that increase rates of CRC screening,
follow-up, and referral-to-care at federally qualified
health centers, and to understand how to improve the
adoption, implementation, and sustainment of these in-
terventions. This study is built on the lessons learned
from the 1-year pilot feasibility study and our 5-year
CDC funded Colorectal Cancer Control and Prevention
Screening Program that used a multilevel and organized
approach to increase CRC screening rates among inte-
grated healthcare systems and FQHCs. Although we ob-
tained programmatic success in increasing CRC
screening rates with our CDC funded project among our
partner health systems, the process to achieve these
positive outcomes and how multilevel components inter-
act and influence each other remained unknown. In this
study, we will test the effectiveness of our multilevel
intervention while simultaneously observing and gather-
ing information on the implementation process. Further-
more, we will examine how intervention components at
different levels interact and influence health outcomes.
The selection of our multilevel intervention components
is based on extensive literature review, the strength of
evidence, and findings from our previous studies and
projects. The multilevel intervention will target three dif-
ferent levels of influence (organization, provider, and in-
dividual) to improve rates of CRC screening, follow-up,
and referral-to-care at our partner FQHCs. Our multi-
level intervention will have multiple components, includ-
ing provider and staff education, provider reminder,
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provider assessment and feedback, patient reminder, and
patient navigation.

The aims of ACCSIS-Chicago are fourfold: (1) use a
stepped wedge design to implement a multilevel inter-
vention in three phases, (2) collect quarterly data to
track changes over time, (3) evaluate the implementation
process and the effectiveness of implementation strat-
egies through observations, interviews, and annual sur-
vey, and (4) evaluate the effectiveness of the multilevel
intervention using multilevel and longitudinal modeling.

Methods

This study is conducted as part of the NCI-funded con-
sortium, The Accelerating CRC Screening and Follow-
up through Implementation (ACCSIS) Program. The
overall aim of ACCSIS is to conduct multi-site, coordi-
nated, transdisciplinary research to evaluate and improve
CRC screening processes using implementation science
strategies. The ACCSIS-Chicago will implement a multi-
level, multicomponent intervention to increase rates of
CRC screening, follow-up, and referral-to-care at four
federally qualified health systems located in Illinois and
Indiana. The protocol has been reviewed and approved
by the University of Chicago Institutional Review Board
(IRB19-1496) and is registered at clinicaltrials.gov
(NCT04514341).

Conceptual framework

CRC screening and follow-up processes are complex and
include several steps and interfaces. However, very few
interventional studies have simultaneously targeted pa-
tient-, provider-, and organization-level factors. Inter-
ventions that focus on reducing barriers across several
levels will likely be more effective for increasing rates of
CRC screening, follow-up, and referral-to-care. Figure 2
shows the conceptual framework for ACCSIS-Chicago
and how the multilevel components work together along
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the CRC control and prevention continuum to achieve
the desired outcomes.

Multilevel intervention and implementation strategy
Provider level component

Provider education Numerous studies indicate the im-
portance of physician recommendation in influencing a
patient’s CRC screening decision [40—53], and this factor
is a primary predictor for patient adherence with screen-
ing guidelines [54-56]. Provider challenges for CRC
screening include (1) asymptomatic patients believe that
screening is unnecessary, especially when offered an in-
vasive procedure, and (2) the different screening
methods may cause confusion, which underscores the
scientific ambiguity surrounding the decision [49]. Stud-
ies have shown that shared decision-making can improve
patient compliance when decisions are complex, such as
CRC screening [57-59], yet many clinicians lack training
in shared decision-making [60]. They are often uncertain
about which decisions require patient participation, and
about how to communicate technical concepts to pa-
tients in simple language that is accurate, balanced, and
understandable. Thus, provider education is an import-
ant component for improving CRC screening compli-
ance. The research team will provide tailored education
and guidance on best practices for participating health
professionals. The educational sessions will focus on
CRC risk assessment, screening guidelines, cultural com-
petency, shared decision-making, and communication
skills using an academic detailing approach. The aca-
demic detailing approach involves trained experts visit-
ing healthcare professionals in their settings to provide
tailored education and guidance on best practices, which
have shown to have a significant effect on increasing
rates of CRC screening [61-66]. Each session will last
about 15 to 20 min and will take place during routine
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staff and provider meetings. These academic detailing
sessions will be ongoing throughout the study period.

Provider assessment and feedback We will combine
academic detailing with practice facilitation, which in-
cludes assessment and feedback on aggregate and indi-
vidual provider screening behavior and practice
performance [67]. We will capture data from the elec-
tronic health record (EHR) across our partner sites to
generate clinic- and provider-specific reports. The re-
ports will include CRC screening order rates, screening
completion rates, follow-up rates for abnormal results,
and referral to oncology care. Providers will be able to
see each other’s performances, which allows providers to
compare and learn from each other’s successes. Our re-
search team will deliver the feedback reports quarterly.

Provider reminder As previously mentioned, studies
have shown that provider recommendations have the
most significant impact on CRC screening rates. How-
ever, given the multitude of competing priorities during
a patient encounter, CRC screening recommendations
can be overlooked. A provider prompt generated elec-
tronically or manually by staff members will be imple-
mented to remind providers to screen their eligible
patients. Provider prompts have been shown to increase
CRC screening rates [68].

Organization and individual level component

Patient reminder Provider recommendation alone does
not guarantee the completion of CRC screening, which
involves patient compliance. We will implement a pa-
tient reminder component using a text-based platform,
also known as short message service (SMS), to engage
and remind patients to complete the screening. Patients
who use a stool-based screening method will receive an
initial text message with links to videos and educational
materials within 3 to 5days after the ordered test. Pa-
tients will continue to receive text messages weekly for
90 days as a reminder to complete and return the stool
card for testing. When patients respond that they have
returned the stool card, or when they opt out of the re-
minder system, the SMS will stop. For patients who use
colonoscopy as a screening method, the SMS will also
include instruction on bowel preparation and dietary re-
strictions 5 days before the procedure. Studies have dem-
onstrated that SMS patient reminders not only had a
positive impact on screening rates but also improved the
quality of bowel preparation [69-74].

Patient navigation Patient navigation services will ad-
dress both organization and individual influences. Pa-
tient navigation focuses on eliminating barriers by
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guiding a patient through a complex healthcare system,
addressing education, sociocultural, and logistical needs
using trained staff. Patient navigation has consistently
shown an association with increased CRC screening
completion [75-82] and diagnostic follow-up after a
positive test result [83—87]. We will hire and train two
full-time CRC navigators and adapt and modify the well-
studied New Hampshire Colorectal Cancer Screening
Program (NHCRCSP) Patient Navigator Model [88-90].
Navigator training will include didactic and clinical ses-
sions with ongoing training every quarter throughout
the duration of the program. CRC Navigators will have
field training at each healthcare system to become famil-
iar with the clinic workflow and referral process, as well
as an opportunity for clinical shadowing in the CRC on-
cology clinic and colonoscopy suite. CRC navigators will
also undergo pre and post-training evaluation, and they
will be centralized and supervised by the project dir-
ector. All CRC navigators will meet biweekly to discuss
their cases, share information, and address any issues as-
sociated with their roles and responsibilities.

Implementation strategy

The effectiveness of an intervention, in part, depends on
the strength of the implementation process. A successful
implementation process requires attention to critical
contextual factors. From the very outset, we will conduct
a pre-implementation organizational readiness assess-
ment (ORA). We will use the CFIR framework (Consoli-
dated Framework for Implementation Research) to guide
our ORA. CFIR is a conceptual framework that was de-
veloped to conduct a systematic assessment of multilevel
implementation contexts to identify factors that might
influence intervention implementation and effectiveness
[91]. The CFIR framework consists of five domains
(intervention characteristics, inner setting, outer setting,
characteristics of individuals, and processes) and a
standard set of constructs that allows a comprehensive
assessment. We will conduct key informant interviews
with health system leadership and clinic leaders to evalu-
ate: (1) current CRC screening workflow, (2) CRC data
capturing and validation process, and (3) capacity and
resources available to support the implementation. Table
1 summarizes the interview questions based on CFIR do-
mains. Also, we will conduct a readiness survey with
clinical providers and support staff to assess
organizational climate and culture. Our 29 survey items
were adapted and modified from validated instruments
that measured CFIR constructs using a Delphi method
[92-95].

Effective strategies to support the implementation
process is critical. Implementation strategies are actions
taken to enhance the adoption, implementation, and sus-
tainability of evidence-based interventions. Table 2



Kim et al. Implementation Science (2020) 15:96

Page 6 of 13

Table 1 Pre-implementation readiness assessment guided by CFIR domains

Pre-implementation Readiness Assessment Iltem

Intervention Characteristics

* Whatis the current workflow for CRC screening? Map the process step by step.

* What measures are currently used to improve CRC screening rates?

» Will the proposed intervention more advantage than current measures in use? What are the add-on benefits?

» Will the proposed intervention be easy to integrate in current workflow (adaptability, trialability, and complexity)?
» What resources will be needed to implement the proposed intervention?

Outer Setting
» Characteristics of serving geographic areas
» Patient characteristics
» Patient needs

» What are the facilitators and barriers to meet patient needs?
» What have been done in the clinic and/or in the community to educate patients on CRC screening?

Inner Setting

+ Are staff members willing to innovate/experiment to improve clinical outcomes?
» Are staff members receptive to change in clinical process?
» How does the organization provide continuous quality improvement of patient care?

* What are the current goal(s) for CRC screening?

Process

+ |s there a quality improvement team? If yes, what are the roles and responsibilities of the team?

* How is the CRE screening rate captured?

» How does the organization provide staff members information on quality measures and guidelines?
» How does the organization establish clear goal for care process and outcomes?

summarizes the implementation strategies that we will
use to implement our multilevel intervention.

Finally, we will implement our multilevel, multicom-
ponent intervention in three phases (Fig. 3) along the
CRC screening continuum.

Study design

In the evaluation of a multilevel intervention, an import-
ant design decision is whether to assess only the com-
bined impact of the multiple components compared to
no intervention or the separate effects of each compo-
nent at different levels and the possible interaction ef-
fects [96]. While a parallel cluster randomized trial is a
gold standard for causal inference, it requires a large
number of clusters to assess separate effects of a multi-
level intervention, which may not be feasible in real-
world settings. To overcome this issue and ensure the
standard of rigorous scientific evaluation, we will use a
stepped wedge cluster randomized trial design to evalu-
ate the effectiveness and impact of our multilevel inter-
vention. The stepped wedge is a pragmatic study design
and retains some elements of randomization as it is a
controlled trial [97-99]. The stepped wedge design in-
cludes an initial period of no exposure. Then one cluster
(or group of clusters) will be randomized to cross from
the control to the intervention at regular intervals. In
the end, all clusters will be exposed to the intervention
component but not at the same point in time. Since each
cluster contributes to both exposed and unexposed

observations and acts as its own control, such design
can enhance the precision of the study [97]. Further-
more, the feature of multiple data collection points in
stepped wedge design allows the researcher to capture
the impact of an intervention when such impact de-
velops over time, or when the intervention needs an ini-
tial period of adjustment before becoming embedded in
the setting. This feature is especially valuable for the
ACCSIS-Chicago study because we expect our outcomes
will change over time rather than at a discrete-time
point.

We will have four clusters of clinics from four differ-
ent federally qualified health systems. Each cluster will
have 5 to 12 clinics and a total of 20 to 35 primary care
providers (internists, family practice physicians, nurse
practitioners, and physician assistants). Our biostatisti-
cian will conduct the randomization independently from
the research team. Figure 4 shows the stepped wedge
study design. The study design will include an initial 3-
month period during which no intervention components
will be implemented. We will use this 3-month waiting
period to collect baseline outcome data from the previ-
ous year. After the 3-month waiting period, we will
randomize two clusters to cross from the control to the
intervention and the remaining clusters to follow 3
months later. All clusters will stay at the same phase for
9 months, followed by a 3-month transition period, and
then cross over to the next phase. We will collect quar-
terly data throughout the 4-year study period.
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Table 2 Implementation strategies for each intervention component

Intervention Component Implementation Strategy

Provider and staff education — academic detailing

Provider reminder

Provider assessment and feedback

Patient reminder for FIT and Colonoscopy

Patient Navigation

Interactive: audience response system
Short session: 15-20 minutes.
Individual and small group

Electronic medical record prompt
Chart flagging
Morning huddles

Quarterly report card

Transparency: peer-to-peer and clinic-to-clinic
comparison

Incentive

Quality improvement initiative

Provider and staff training

Print materials for patients

Personalize message with ordering provider’s name
and clinic name

Centralization

Initial and ongoing training
Weekly meetings

Activity log

Study sites

We will partner with four FQHCs, two in Illinois and
two in Indiana. Together, our FQHC partners have 40
primary care clinics and 130 primary care providers
and served 162,000 individual patients in 2018. Of the
162,000 patients, 78% were racial minorities, 93% live
at or below 200% poverty, and 17% were uninsured.
The CRC screening rates among our partners range
from 25 to 43%.

Data sources and outcome measures

During the first 6 months, we will collect baseline data
on primary outcomes (Table 3) from the EHR systems.
After the initiation of the implementation process, we
will collect primary outcome measures each quarter
until the conclusion of the study completion.

For the patient navigation component, we will also
collect data from the navigator activity logs, including
the number of patients being served, length of the en-
counter, types of encounter (e.g., transportation arrange-
ment or making the appointment), and types of action
taken. Furthermore, we will also ask patients who re-
ceived navigation services to complete a patient satisfac-
tion survey adapted from the patient satisfaction survey

developed by the NCI-sponsored Patient Navigation Re-
search Program [100].

Process evaluation

We will assess the potential causal and contextual
factors that may be associated with observed out-
comes at the provider and clinic levels. After comple-
tion of each phase, we will send all providers at our
partner clinics a survey to assess their exposure to
and experience with the intervention component. Fur-
thermore, we will evaluate the changes in
organizational culture and climate that may ascertain
potential mechanisms of impact using the 29-survey
items we developed based on the CFIR.

Data analysis plan

We will conduct descriptive analyses, as well as
within-group and between-group changes over time.
Furthermore, to evaluate the four-component intervention
effects, we will take a step-by-step approach. First, each
intervention effect at each time phase will be estimated
separately using linear-mixed effects models. The estimate
of intervention effect in each model will be used to test if
additional intervention component significantly affects
outcome measures. Next, we will develop a grand model,
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CRC Screening and the Proposed Multilevel Intervention
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Fig. 3 CRC screening and the proposed multilevel intervention

Phase 3

PN assists with appointment and
address any concerns

PN assists patient to reschedule and
addresses reason(s) for not attending

PN assists with transition of care

including all intervention components simultaneously in
addition to the models described above.

In this study, patients are nested within providers, and
providers are nested within clinics. The problem with
nested data structures is that they violate the independ-
ence assumption of traditional regression models. Thus,
we will use multilevel modeling to analyze our data. We

dom intercept models:
Level — 1: Yijk = |30jk + €ijk
Level — 2: Bojx = ok + Uik
Level — 3: Box = Po + Vi

will start with the unconditional (null) three-level ran-

where Yy is the observed outcome for patient i with
provider j in clinic k. By is the mean response across all

Stepped Wedge Study Design
Year 1 Year 2 Year 3 Year 4
Roll out
Group a1 |2 |03 ||t |02 |03 |a4|ar|q|a|as|al|a]as| a4
FQHC % Phase 1 Phase 2 Phase 3
Group 1 : Pha?se o.f.
Cluster 2 % Phase 1 Phase 2 Phase 3 sustainability
7]
Cluster 3 § Phase 1 Phase 2 Phase 3
Group 2 E,
Cluster 4 g Phase 1 Phase 2 Phase 3
Fig. 4 Stepped wedge study design
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Table 3 Outcome measures for the multilevel intervention
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m Operational Definition Data Collection Period | Level of Data Analysis

Patient CRC screening rates ~ Numerator: # of patients completed CRC screening

Denominator: # of patients eligible for CRC screening

CRC ordering rates Numerator: # of patients received order for CRC screening

Denominator: # of patient eligible for CRC screening

Patient notification rates
(FOBT/FIT +)

Time to notification of
positive results

Numerator: # of patients notified
Denominator: # of patients had FOBT/FIT +

available to the provider

Follow-up diagnostic
evaluation referral rates

Numerator: # of patients received referral for evaluation
Denominator: # of patients had FOBT/FIT +

Time to referral for follow-up
diagnostic evaluation

Follow-up diagnostic
evaluation completion rates

Numerator: # of patients completed diagnostic evaluation as ordered
Denominator: # of diagnostic evaluation referral made

Time to completed

diagnostic evaluation and the completion of the diagnostic evaluation

# of days between notifying a patient with a positive result and the result

# of days between the referral and the result available to the provider

# of days between the positive FOBT/FIT result available to the provider

EMR Every quarter Level 1, Level 2, Level 3,
+ Chart reviews as needed Level 4
+ EMR Every quarter Level 2, Level 3, Level 4
* Chart reviews as needed
« EMR Every quarter Level 2, Level 3, Level4
+ Chart review as needed
« EMR Every quarter Level 2, Level 3, Level 4
+ Chart reviews as needed
+ EMR Every quarter Level 2, Level 3, Level 4
+ Chart reviews as needed
+ EMR Every quarter Level 2, Level 3, Level 4
+ Chart reviews as needed
« EMR Every quarter Level 2, Level 3, Level 4
+ Chart reviews as needed
« EMR Every quarter Level 2, Level 3, Level 4

+ Chart reviews as needed

* Level 1 = Individual level; Level 2 = Provider level; Level 3 = Clinic level; and Level 4 = organization level.

clinics. “v” is the random effect of clinic k, “u;” is the
random effect of provider j in clinic k, and ey is the re-
sidual error. The random effects and residual errors are
assumed to be normally distributed and independent of
one another. Putting these submodels together yields the
(null) 3-level model as: Y = o + Vi + Uji + €iji

Adding predictor variables to the models is straightfor-
ward. For example, the 3-level model with one predictor
measured at each level is Yy = Bo + B1 Xy + PoXoj +
I?Jng + Vi + Uji + 6ijl, where BO + |31X11jk + ﬁ2x2jk + Bng
is the fixed effect component of the model and v + u
+ ek is the random effect component of the model. The
fixed effect of the model specifies the overall mean rela-
tionship between the response and the predictor vari-
ables. The random effect component of the model
specifies how the provider and clinic specific relation-
ships differ from the overall mean relationship. To assess
any cross-level interaction effects, we will add a product
term to the model. For example, the model for a level-1
predictor (e.g., age) interacting with a level-2 predictor:
Yire = Po + BrXaijx + BoXoj + Pz Xuiji @ Xoji) + Vi + Ui
+ e Since one of the patient-level (level-1) outcome
measures is dichotomous (whether the patient adherence
to follow-up diagnostic evaluation after a positive result
within 9 months or not), we will use a multilevel logistic
model for binary data. In this case, the level-1 model is
in terms of the logit of the response of the level-1 binary
outcome Y, for example:

Level — 1: log [Py (1 = Pyi)] = Bojic + B1Xij-

In this study, we will use the restricted maximum like-
lihood (REML) to estimate variances. REML treats the
regression coefficients as unknown quantities to be an
estimate based on sample data and subtracts the needed
degree of freedom when computing variance estimates.
Since REML only allows for tests of models that differ in
their variances, we will calculate the intraclass correl-
ation (ICC) to access the variation in response variable
across providers and clinics before testing the models.

Statistical analyses will be conducted using Statistical
Package for the Social Science (SPSS) version 26.0 and
Stata version 15, with the significance level set at alpha
<0.05.

Sample size and power

Although we will implement the multilevel intervention
over three phases, the power of the study is calculated
based on the phase 1 period only. In our pilot study, the
baseline rate in the intervention group was 30.8%, and it
went up to 40.7% in the year 2019. We observed the
intra-class correlation as 0.135. Considering four compo-
nents of the intervention, we lower the significance level
to 0.05/4 = 0.017. We will recruit a total of 40 clinics
and 130 providers across four partner healthcare systems
(clusters) (see Table 3). Although the number of clinics
and providers varies between clusters, we calculate the
power based on the average number of providers, which
is 32 providers per cluster. Under these conditions, the
study will have power in excess of 90% to detect an in-
crease in the CRC screening rate of 32%. Table 4 shows
the levels of powers for different sample sizes and effect
sizes for reference.

Discussion

Limitations and related considerations

Using EHR data for research

The adoption of electronic health records (EHRs) has
significantly increased the amount of detailed patient
health information available today, which would be diffi-
cult to obtain using survey data alone. Using data col-
lected in EHRs can improve clinical research efficiency,
including the investigation of relationships between in-
terventions and outcomes [101, 102]. However, raw EHR
data are disorganized and full of uncodified variables.
There remain immense hurdles to extract and apply
EHR data effectively for research purposes. Furthermore,
our partners use different EHR systems, including Epic,
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Table 4 Powers with respect to different effective sizes
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Powers With Respect to Different Effective Sizes

Sample size CRC Screening rate after the intervention
(Baseline rate is 30.8%)
(Number of provider per cluster) 32% 35% 40%
20 76.3% 84.6% 93.6%
25 86.3% 92.4% 97.7%
30 92.4% 96.4% 99.2%

NextGen, and Athena. We have learned valuable tech-
niques and steps to capture data from different EHR sys-
tems in our previous studies. We will work with our
health system partners to develop a plan for data captur-
ing and train a data coordinator at each site to effectively
extract the required data and locate other data sources
that may fill the gaps. Furthermore, we will implement a
data validation process by randomly selecting 5% of the
medical records and manually reviewed to ensure the in-
tegrity and quality of the data.

Evaluating the impact on follow-up diagnostic colonoscopy
Only about 4% to 6% of patients who use fecal occult
blood test (FOBT) or fecal immunochemical test (FIT)
as a screening modality will have a positive result and
need follow-up diagnostic evaluation. The success of this
study to measure improvement in follow-up rates will
depend on the screening rates using FIT/FOBT among
our partner FQHCs. To address this potential pitfall, we
will continue to monitor the CRC screening rates among
our partner FQHCs and the use of FIT/FOBT as a
screening modality.

Potential for impact and implications and plan for
dissemination

There is a pressing need to reduce disparities in CRC
outcomes, especially among racial/ethnic minority popu-
lations and among populations who live in poverty.
There is also a need to understand the design and imple-
mentation of pragmatic studies in real-world settings
within healthcare systems. Single-level interventions are
often insufficient to lead to sustainable changes. Multi-
level interventions, those that target two or more levels
of changes, are needed to address multilevel influences
simultaneously. Multilevel interventions with multiple
components will affect not only the desired outcomes
but also each other. How to take advantage of multilevel
interventions and how to implement such interventions
and evaluate their effectiveness are the ultimate goals of
this study. ACCSIS-Chicago will provide the needed evi-
dence for future multilevel interventional studies,

especially in increasing CRC screening, follow-up, and
referral-to-care. Furthermore, it will demonstrate best
practice for how multilevel interventions can be scaled-
up nationwide to reduce the burden of CRC among ra-
cial/ethnic and low-income populations that usually seek
health care in resource strained safety-net systems.

The rigor, design, feasibility, and high likelihood of
success of this study will provide crucial evidence re-
garding multilevel interventions that target three levels
of influences (organization, provider, and individual) to
improve CRC screening, follow-up, and referral-to-care.
We will disseminate these findings through peer-
reviewed publications, presentations, and professional
meetings. Throughout this effort, we will share data fol-
lowing the National Cancer Institute NCI) policies and
submit standard data elements to the NCI data
repository.
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