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Abstract

Background: Colorectal cancer (CRC) screening by annual fecal immunochemical test (FIT) is
an accessible and cost-effective strategy to lower CRC incidence and mortality. However, this
mode of screening depends on follow-up colonoscopy after a positive FIT result. Unfortunately,
nearly one-half of FIT-positive patients fail to complete this essential screening component. Patient
navigation may improve follow-up colonoscopy adherence. To deliver patient navigation cost-
effectively, health centers could target navigation to patients who are unlikely to complete the
procedure on their own.

Objectives: The Predicting and Addressing Colonoscopy Non-adherence in Community Settings
(PRECISE) clinical trial will validate a risk model of follow-up colonoscopy adherence and test
whether patient navigation raises rates of colonoscopy adherence overall and among patients in
each probability stratum (low, moderate, and high probability of adherence without intervention).

Methods: PRECISE is a collaboration with a large community health center whose patient
population is 37% Latino. Eligible patients will be aged 50-75, have an abnormal FIT result in the
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past month, and be due for a follow-up colonoscopy. Patients will be randomized to patient
navigation or usual care. Primary outcomes will be colonoscopy completion within one year of a
positive FIT result, cost, and cost-effectiveness. Secondary outcomes will include time to
colonoscopy receipt, adequacy of bowel prep, and communication of results to primary care
providers. Primary and secondary outcomes will be reported overall and by probability stratum.

Discussion: This innovative clinical trial will test the effectiveness and financial feasibility of
using a precision health intervention to improve CRC screening completion in community health
centers.

Keywords
Colorectal cancer screening; fecal immunochemical testing (FIT); prediction; patient navigation

1. INTRODUCTION

Colorectal cancer (CRC) claimed the lives of an estimated 50,000 adults in the US in 2018.1
Improving screening through fecal immunochemical testing (FIT) could reduce CRC
mortality by more than 50%, representing over 25,000 lives saved.? These mortality
reductions, however, can only be achieved if patients with positive fecal test results receive
follow-up colonoscopies.® 4 Unfortunately, failure to receive follow-up is common,
especially among underserved populations: In studies that performed full medical record
review, only 52 — 58% of patients in community health centers with an abnormal FIT result
completed a follow-up colonoscopy.>~ In a recent San Diego-based study that obtained
follow-up colonoscopy rates from eight community health centers, the 6-month colonoscopy
completion rate was 44% overall, and ranged from 18% to 57%.8 This is troubling because
delays in follow-up colonoscopy can lead to increases in CRC incidence and mortality. Lee
and colleagues reported a 31% higher risk of CRC and a two-fold higher risk for advanced
stage disease among adults who delayed colonoscopy by 6 months or more (compared to
obtaining a colonoscopy within 1-3 months).? Meester and colleagues used modeling to
predict a 4% elevated CRC incidence and 16% elevated mortality among adults who delayed
follow-up colonoscopy by 12 months versus 2-weeks.10 In a Kaiser Permanente study,
delays of 10 months or longer were associated with a 48% increased the risk of CRC and a
two-fold increased risk for advanced-stage disease (compared to colonoscopy within 30
days).11 Although much research has focused on the uptake of FIT screening, an important
gap remains in knowledge of effective interventions for improving follow-up colonoscopy
rates.

Fortunately, an emerging body of research suggests that patient navigation may be effective
in increasing completion of CRC screening and follow-up. A patient navigator is a person
who helps guide a patient through the healthcare system, by helping them communicate with
their healthcare provider, set up healthcare appointments, and access needed community
resources. Patient navigation has boosted rates of CRC screening and follow-up in several
previous reports, with effect sizes ranging from 8-31%.12-17 In the New Hampshire
Colorectal Cancer Screening Program (NHCRCSP),18 for example, patient navigation raised
rates of colonoscopy uptake among low-income, uninsured patients, by 27 percentage points
over a comparable clinic population (96% vs 69%, P<.001)13. However, patient navigation is
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costly to implement, and providing this intervention to every patient is inefficient. To
improve screening outcomes in a financially sustainable way, it may be necessary to identify
which patients would most benefit from patient navigation and deliver navigation
specifically to these patients.

Our team previously developed a risk-prediction model evaluating likelihood to obtain a
follow-up colonoscopy after a positive FIT result using data from a large pragmatic study
involving 26 community health center clinics (STOP CRC).1? The current study will refine
this model and apply it to a new population of patients who receive care at a large diverse
federally qualified health center in Western Washington. Knowing which patients could
benefit from patient navigation could allow health systems to optimize the delivery of these
services, address health disparities, and reduce associated costs. The Predicting and
Addressing Colonoscopy Non-adherence in Community Settings (PRECISE) trial will test
the effectiveness and cost-effectiveness of providing patient navigation for follow-up
colonoscopy to patients who vary in their probability of obtaining one on their own. In this
paper we will describe the PRECISE study protocol.

2. MATERIALS AND METHODS

PRECISE is a large-scale patient-randomized controlled trial that will include 1,200 patients
at 28 community health center clinics. The study will externally validate and, if needed,
redevelop our previously developed risk prediction model,1® then compare rates of follow-up
colonoscopy completion in 1200 patients who are randomized to receive either a telephone-
based program of patient navigation delivered by trained clinical staff or usual care.
Secondarily, we will assess the effectiveness of the patient navigation program within groups
defined by follow-up colonoscopy adherence probability (determined by the risk prediction
model).

PRECISE has obtained approval from the Kaiser Permanente Northwest Institutional
Review Board (IRB protocol number: 00000779), which has granted a waiver of informed
consent, because the study involves minimal risks to patients. The study will be monitored
by a data safety monitor, following an established data safety monitoring plan. The plan
outlines the contents of reports to be discussed at regular meetings of the study team and
monitor, and a process for reporting adverse events. Study protocol amendments will be
documented on an on-going basis.

2.1 SETTING

This study will be conducted at Sea Mar Community Health Centers (Sea Mar), which
operate 32 medical clinics. Sea Mar serves about 300,000 patients, about 29,000 of whom
are age-eligible for CRC screening. Approximately 37% of Sea Mar patients are Latino. Sea
Mar has a fully integrated electronic health record platform tailored for primary care
(Allscripts, Chicago, lllinois).

CRC screening is available for all screening- and age-eligible Sea Mar patients, with the
choice of screening test at the discretion of the patient and their primary care provider. Sea
Mar promotes CRC screening in multiple ways. Providers distribute FIT kits to patients who
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are due during routine clinic visits. In addition, Sea Mar operates a centralized mailed FIT
outreach program that mails up to 1,000 kits each month. Mailed FITs are sent with
wordless instructions, and a letter that describes the importance of CRC and the need for
screening.20 Sea Mar’s Uniform Data System CRC screening rate for 2018 was 44.6%. Sea
Mar uses a one-sample FIT test {OC-Auto® by PolyMedco (Cortland Manor, NY)), that is
processed at their centralized on-site laboratory.

The average FIT-positivity rate at Sea Mar is 9%, yielding approximately 700 patients with a
positive FIT test each year. Sea Mar has no on-site colonoscopy services; instead patients
who need a colonoscopy are referred to one of numerous gastroenterology specialty care
facilities (hospital or ambulatory surgical center) in the region.

2.2 RESEARCH AIMS

Our study has the following aims:

1. Externally validate our previously developed predictive risk model for follow-up
colonoscopy-adherence on Sea Mar’s population; adapt patient navigation
program for local needs and resources; and train navigator staff.

2. Assess the effectiveness, cost, and cost-effectiveness of a centralized, phone-
based patient navigation program for follow-up colonoscopy receipt for patients
with a positive FIT result.

3. Assess effects of the patient navigation intervention on secondary outcomes
(time to colonoscopy receipt, colonoscopy quality, and results communicated to
health center); assess potential moderators of intervention effectiveness (e.g.
colonoscopy completion probability level, intervention dose, and patients’ sex,
age, preferred language, Hispanic ethnicity, and insurance status); assess patient
and provider satisfaction with navigation.

2.3 Aim 1: VALIDATE PREDICTIVE RISK MODEL, ADAPT PROGRAM, AND TRAIN
PATIENT NAVIGATOR

The objectives of Aim 1 are to validate the risk prediction model, adapt the patient
navigation program for local resources and preferences, and train the patient navigator staff.

Risk prediction model validation: The first phase of the PRECISE study will validate
the risk prediction model that our team developed using data from the STOP CRC study
involving eight federally qualified health centers in Oregon and California (1596 patients
with a positive FIT; c-statistic > 0.66, bootstrap-corrected c-statistic > 0.62).19 We will
validate the model in a retrospective cohort of Sea Mar patients with a positive FIT result (N
= 1401), identified over a two-year period. We will calculate each patient’s predicted
probability of obtaining a colonoscopy based on the Cox regression model’s exact linear
predictor using coefficients derived from the original model.1® We will determine the
external validation’s separation (discrimination) of low-, moderate-, and high- probability
patients by calculating the c-statistic and comparing it with the original cohort’s bootstrap
corrected c-statistic (0.63).21: 22 A drop in the c-statistic of 0.05 or more from the original
model will be considered inferior separation of patients and will require model refinement.
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While we anticipate high capture of data elements for the risk model, if any of the required
predictor characteristics are missing, we will impute their values using multiple imputation
with chained equations.23-2

Adaptation of Patient Navigation Program: We will adapt the NHCRCSP patient
navigation program for local needs and resources. The NHCRCSP patient navigation
program18 consists of six topic-areas that address establishing rapport, identifying and
resolving barriers, bowel-preparation education, obtaining and completing bowel
preparation, post-colonoscopy support, and understanding of results and rescreening
interval. During patient contacts, navigators will assess the patient’s understanding of each
step in the colonoscopy procedure (e.g., obtaining laxative, finding someone to accompany
them to the procedure), gather and document barriers, and obtain/confirm emergency contact
numbers. The patient navigator will use video-phone calls as available and consistent with
patients’ preferences. The patient navigator may use text messages in place of phone calls
for contacts made 1-2 days before the colonoscopy procedure and the day of the
colonoscopy procedure, consistent with patients’ preferences.

While some NHCRCSP materials can be used without modification, some will be tailored to
reflect local resources and logistical processes within the Sea Mar environment. We will
collaborate with Sea Mar staff to obtain local information about referring gastroenterology
sites, colonoscopy preparation methods used, and resources for low-cost colonoscopy,
including ways to enroll in insurance plans and community programs for donated
colonoscopies. We will develop the following patient-facing materials to support the
program: an introductory packet, containing a letter introducing the program and providing a
telephone number of the patient navigator, a one-page navigation sheet detailing the topic
areas and timing of navigation phone calls, and one-page fact sheet emphasizing the
importance of CRC screening. In addition, we will develop resources sheets for the
navigator, including (1) a one-page informational sheet describing instructions for the two
most common types of colonoscopy preparation; and (2) an on-line spreadsheet detailing
colonoscopy preparation and transportation policies for all referring gastroenterology
providers. All materials will be reviewed by the project’s advisory board and members of
Sea Mar clinical staff. Consistent with the language preferences of Sea Mar staff, all patient-
facing materials will be available in English, Spanish, and Russian.

Patient navigator training: The study navigator will be hired by the clinic. The navigator
will have some clinical experience (e.g., nurse, medical assistant, care coordinator), will
speak English and Spanish, will work on evenings and weekends, and will have access to
medical records of patients with positive FIT results. Training in the NHCRCSP will be
delivered by members of the project team, including the project Principal Investigator
(bilingual English and Spanish), research associate, counselor (bilingual English and
Spanish) and project gastroenterologist. Training will consist of an initial two-day didactic
session focused on CRC screening and follow-up colonoscopy, followed by two one-day
interactive sessions focused on motivational interviewing and how to use the cloud-based
project database, followed by seven weeks of coaching and feedback to ensure that the
patient navigator successfully completes the six-topic phone protocol and tracking
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procedures. The training and coaching and feedback sessions will be delivered in English
and Spanish to assure equivalency of intervention delivery across languages. Additionally,
the navigator will meet with community-based organizations to learn how to connect
patients with resources to address barriers including cost and transportation. During the
training period, the navigator will also accompany a patient to his or her colonoscopy
appointment to learn more about the overall process (i.e., registration, escort and
transportation policies) and patient experience.

2.4 Aim 2: EVALUATE NAVIGATION INTERVENTION

Selection of eligible participants: Patients initially eligible for the study will be
selected using electronic health record codes; they will be aged 50-75, have had a positive
FIT result in the past month, and will not have electronic health record evidence of having a
recent prior colonoscopy (within 3 years), metastatic cancer (ever) or being on hospice
(ever). Prior to randomization, the medical records of initially eligible patients will be
reviewed by the navigator and clinical champion, with guidance from the project
gastroenterologist, to remove any patients who have had a recent colonoscopy (not detected
by using medical record codes) or have other health conditions that contraindicate
colonoscopy (e.g. shortened life expectancy, etc.). Patients with colorectal symptoms will
also be excluded (i.e. inappropriate indication for FIT testing).

Randomization: Patients will be randomized using a stratified approach that considers
county of residence (Skagit, Snohomish, King, Pierce, Thurston, Whatcom, Clark, and
Grays Harbor). Patients will be randomly allocated to either receive the intervention or usual
care. Randomization will be performed by the clinic data analyst, using program coding
created by the project statistician. For practical reasons, neither the research team, the
navigator nor the clinic staff will be blinded to randomization assignment. Allocation will be
concealed for members of the research team performing outcome ascertainment. The
randomization will result in 600 patients assigned to the patient navigation arm and 600
assigned to the usual care arm. Participants will be randomized into the study within 1
month of their FIT result. Following randomization, the project analyst will calculate and
assign the patients’ probability of receiving a follow-up colonoscopy, based on the risk
prediction model.

We anticipate that a small number of patients will be ineligible for the study after
randomization (i.e. randomized in error), either because of clinical factors (i.e. had a recent
colonoscopy, or life-limiting co-morbidities) or patient factors (i.e. they transferred care or
moved from the region, etc.) not discovered using medical record codes. We will track
navigated patients who are randomized in error and review medical records to capture
‘randomized in error’ patients assigned to usual care.

Follow-up colonoscopy referral procedures: When patients receive a positive FIT
result, the provider places a referral for a colonoscopy in the medical record and the team
medical assistant contacts the patient (usually by phone) to notify the patient of their test
result and provide instruction on how to schedule a colonoscopy with the referring provider.
For the purposes of the study, the referral and notification procedures will continue as usual
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care. The intervention will not be overlaid on the remaining components of usual care
(telephone outreach by a referral coordinator). Instead, the medical records of patients
randomized to the intervention will be flagged and removed from the referral coordinators’
outreach lists so these patients will not receive standard care outreach.

Usual care: Usual care consists of a team of centralized referral coordinators who make
monthly outreach attempts by phone to patients who have not completed a colonoscopy and
whose referral is pending. Two follow-up phone call attempts are made at 30 and 45 days
following the referral. If the patient is not reached, a follow-up letter is sent to the patient
and gastroenterology office. The purpose of the letter is to inform the practice that the
patient is unreachable and to inquire about the status of the referral (i.e. whether the patient
has scheduled an appointment or completed a colonoscopy).

Intervention: Patients randomized to the patient navigation intervention will be mailed an
introduction packet, then the navigator will deliver follow-up phone calls; up to 18 phone
call attempts will be made to reach a patient before the patient is considered lost to follow-
up. After the initial contact is made, the navigator will make up to an additional 18 call
attempts to assess and resolve barriers with the patient. Once the patient schedules a
colonoscopy, navigator phone calls will be timed to the colonoscopy procedure. One week
before the colonoscopy, the navigator will make up to 6 call attempts to review the bowel
preparation instructions and ensure that the patient has obtained the necessary preparation
supplies. On the day before and day of the colonoscopy, the navigator will check-in with the
patient by voicemail or text message. Two to four weeks after the colonoscopy, the navigator
will make up to 6 call attempts to confirm that the patient has received and understands the
results. We anticipate that most navigator contacts will occur in the first 3 months following
randomization, contacts may occur up to 1- year following randomization.

The Navigator will maintain a log of navigator activities and program outcomes in a cloud-
based database; the database will record: (1) patient contacts; (2) patient barriers and
referrals to community resources, (3) canceled and rescheduled appointments, (4) completed
colonoscopy procedures, and (5) reasons for discontinuation, exclusion or non-adherence to
the program. Using the electronic health record, the navigator will send notes to the care
team, to record any relevant patient status updates (e.g. patient deceased) obtained during
navigation. The navigator will use the on-line resource spreadsheet, as needed, to advise
patients on gastroenterology facility-specific resources or procedures.

The project team will undertake several procedures to monitor adherence to the intervention.
The trainers will administer a training competency checklist to assure that the navigator
achieves an established competency. The checklist was developed by the University of
Washington for the NHCRCSP program and adapted for our project (See Supplement). We
will assess intervention fidelity to ensure that the program is delivered as intended. We will
measure fidelity as the proportion of patients for whom all relevant topic areas were
discussed, and/ or the proportion of patients for whom the appropriate number and timing of
attempts were made (in accordance with the study protocol). The project team will review
intervention fidelity on a quarterly basis. The Data Safety Monitoring Plan will be followed
to monitor the progress of the study; the plan includes processes for reporting recruitment
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success, stopping rules, and adverse events. We will not obtain patient consents, as our study
is deemed minimal risk.

Data collection: The electronic health record and a cloud-based database will be used to
gather data for the study. Study retention will be promoted by (1) the navigator making up to
18 call attempts to reach the patient (call attempts will be made during the day, evenings,
and weekends), (2) using all phone numbers available in the medical record to reach the
patient; and (3) requesting from the patient contact information of someone who will know
how to reach the patient.

Given the planned contact between patient navigators and patients randomized to receive
navigation, it is possible that we will have better data capture among navigated, compared to
usual care patients. To minimize possible bias, we will use chart audits to track primary and
secondary outcomes in the medical record. Moreover, we will systematically request (for
usual care and intervention patients) gastroenterology procedure and pathology reports from
gastroenterology facilities to which patients have been referred and for whom there is no
primary care record of a completed colonoscopy.

Assessment of effectiveness: We will evaluate intervention effectiveness by measuring
the proportion of patients in each study arm who obtain a follow-up colonoscopy within one
year of having a positive FIT result (Table 1). We hypothesize that a higher proportion of
navigated patients, compared to non-navigated patients, will complete follow-up
colonoscopy within one year. Secondarily, the effectiveness of patient navigation will be
assessed across the probability categories of receiving a colonoscopy (low, moderate, high)
assigned using the prediction model. We will assess colonoscopy receipt through chart audit,
and records requests from gastroenterology facilities. Primary analyses will rely on
intention-to-treat; that is, patients will retain their randomization assignment irrespective of
whether they received patient navigation, with exclusion of patients who were randomized in
error (i.e. were found to have had a recent colonoscopy or are clinically ineligible for a
colonoscopy). Because we do not anticipate having auxiliary variables that correlate greater
than .50 with the outcome that would allow us to use multiple imputation,28: 27 we will
handle missing outcome data for eligible patients who are lost to follow-up by assuming
these patients did not complete a colonoscopy. In addition, we will conduct a sensitivity
analysis by dropping patients with missing outcome data (i.e., listwise deletion).

Statistical analysis: We will use hierarchical generalized linear modeling?® to account
for clustering of patients within clinics. Because the primary outcome is binary (i.e., follow-
up colonoscopy, yes/no), we will use a model with a logit link and binomial distribution (i.e.,
multilevel logistic regression). The independent variable will be arm (dummy-coded) with
usual care as the reference group. ‘Clinic’ will be modeled as a random effect. Odds ratios
>1 support the hypothesis that patient navigation has a higher follow-up proportion than
usual care.

Sample size and power: Based on data from prior studies, we expect that 9% of patients
(700 per year) will have a positive FIT, and 44% of patients under usual care will complete a
follow-up colonoscopy within 1 year (based on chart abstracted data from 08/05/2017 to
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08/04/2018 (N = 715 charts)). Accounting for patient ineligibility, we estimated power using
a sample size of 1200 abnormal FIT results and a conservative intra-class correlation (ICC)
of .03. Based on these estimates, in a logistic regression framework at a two-tailed alpha
level of 0.05, we will have 80% power to detect a difference in follow-up rates of 12.9%
(corresponding to an intervention completion rate of 56.9%, OR=1.68) when accounting for
the ICC and a difference of 9.2% (corresponding to an intervention completion rate of
53.29%, OR=1.45), assuming no design effect from the 1CC.29: 30

Assessment of cost and cost-effectiveness: We will assess the costs of
implementing and maintaining the patient navigation program at the patient level using cost
collection strategies adapted from other programs.31-33 We will estimate how costs of
patient navigation would differ depending on whether it is delivered as a service to all
patients or restricted to subgroups whose baseline characteristics (described below) are
associated with the greatest treatment effect of patient navigation. Next, using the framework
of cost-effectiveness, we will estimate the incremental cost-effectiveness ratio as (1) cost per
additional completed colonoscopy, (2) cost per additional adenoma detected, and (3) cost per
additional cancer detected. To further evaluate the impact of specific program elements on
cost, we will conduct sensitivity analyses on patient and system characteristics (e.g. changes
in population sizes, baseline predicted likelihood of colonoscopy, etc.).

2.5 AIM 3: ASSESS SECONDARY OUTCOMES AND MODERATORS OF EFFECTIVENESS

We will gather data from the electronic health record on time to colonoscopy completion.
We will use Cox proportional hazards regression models with shared frailty to evaluate
differences between arms in time to colonoscopy completion.3* We hypothesize that
navigated patients will have a shorter time to colonoscopy than non-navigated patients. The
Population-based Research to Optimize the Screening Process (PROSPR) consortium has
recommended performing a colonoscopy within 90 days of a positive FIT test result3® and
delays of 6, 10, and 12 months or more have been shown to predict poorer CRC outcomes.
9-11 sjgnificant hazard ratios >1 would indicate that the patient navigation arm experienced
shorter times to colonoscopy completion than usual care. We anticipate finding up to 60 new
cancers (1200 abnormal FIT results * 5% PPV for cancer).

Using the procedure and pathology reports, we will also track colonoscopy-related quality
measures, including adequacy of colonoscopy preparation, and detection of adenomas and
cancer. For binary secondary outcome and process measures (e.g. adequacy of bowel
preparation communication of result to primary care provider), we will use the same
modeling framework (e.g., multilevel logistic regression) as described for our primary
outcome. Bowel preparation quality is rated according to a qualitative metric (poor, fair,
good, excellent) or the Boston Bowel Preparation Score. A qualitative rating of poor or
Boston Bowel Preparation Score of less than 6 overall or less than 2 for any segment will be
considered inadequate. Bowel preparation also will be considered inadequate if alterations
are made to rescreening interval because of bowel preparation quality.

Secondarily, we will assess whether the effectiveness of patient navigation differs by patient
characteristics (e.g. patients’ probability of colonoscopy completion, sex, age, preferred
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language, Hispanic ethnicity, and insurance status) and intervention delivery (e.g.
intervention dose). We will assess modification effects by adding these variables and their
products with arm to the primary outcome model. The product represents the interaction of
arm and patient characteristic / intervention delivery; a significant term provides evidence
for effect modification. We will graph the simple effects (predicted probabilities) for any
significant product terms to understand the nature of the effect modification.

We will track receipt of appropriate Gl referral among patients allocated to navigation and
usual care. In addition, we will track missed and canceled appointments in a subset of
patients who are referred to Gl practices with electronic portals that can be accessed by Sea
Mar staff. Neither Gl referrals nor missed and canceled appointments will be considered a
secondary outcome.

Intervention dose: To evaluate the implementation of the intervention, we will track
consistency of intervention dose: the number and content of successful outreach attempts
delivered by patient navigators based on contacts. The standard protocol includes six pre-
defined content areas. Dose will be calculated as the proportion of these six content areas
addressed for each participant. We will also use medical record telephone encounters to
calculate patient contact made by referral coordinators as part of usual care.

Qualitative data collection: We will conduct qualitative interviews with patients, patient
navigators, clinic staff, and gastroenterology office providers and staff. Our qualitative team
will conduct one-on-one phone interviews (n=~60) in English or Spanish with a sample of
randomized patients at various Sea Mar clinics who received usual care or the patient
navigation interventions. From each group, we will select a sample of FIT-positive patients
across probability categories (high, moderate, and low probability of adherence) who
underwent follow-up colonoscopy, as well as a sample of patients who did not complete
follow-up colonoscopy. The interviews will assess persistent barriers that hinder
participation in colonoscopy and identify program components that could enhance
effectiveness. Interviews will explore reasons for getting or not getting a follow-up
colonoscopy, as well as awareness of colonoscopy, previous colorectal cancer screening
history, understanding of colonoscopy preparation social support, and general reaction to the
program. We will also gather any unanticipated consequences of the program (both positive
and negative).

We will conduct 25-30 one-on-one debrief interviews with patient navigators and identified
clinic leadership/ staff and gastroenterology office staff/providers to understand adaptations
to the program and factors that could influence sustainability. These interviews also will
explore unanticipated consequences and persistent barriers to follow-up colonoscopy.
Members of our advisory board will review de-identified data and assist in interpreting the
findings of coded interviews. Findings from the interviews will inform future
implementation of the patient navigation program and will be used to develop content for
dissemination materials (e.g. implementation guide, training manuals).
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3. DISCUSSION

Numerous national organizations, including the Institute for Healthcare Improvement, have
called for an increase in personalized care delivered to those most likely to benefit.30
Electronic health record data provide an unprecedented opportunity to identify patients at
high risk of an event so that care can be tailored.36 PRECISE will use electronic health
record data to understand patients” likelihood to obtain a follow-up colonoscopy, with the
ultimate goal of directing resources to patients who need it the most. PRECISE will evaluate
the effects of this intervention on patient outcomes and will conduct an economic analysis to
inform health system decision-making regarding adoption of a risk-based approach to
tailoring patient navigation programs. If it is effective, PRECISE will facilitate the broad
adoption of precision patient navigation programs and promote Institute of Medicine
directives to deliver the right intervention to the right patient at the right time.

Risk-prediction models hold promise for identifying patients who are likely to forgo
colonoscopy. While no previous model has assessed the risk of forgoing follow-up
colonoscopy after a positive FIT result, two models have been developed to identify patients
unlikely to obtain an initial screening colonoscopy based on academic primary care
networks and integrated care systems. However, since rates of colonoscopy are higher in
these settings than in community health centers, and because providers have access to more
data elements for the models,37: 38 these scores are not generalizable to community health
centers. Moreover, it is unlikely that a scoring system for initial colonoscopy would
generalize to follow-up colonoscopies. Our team has developed the first risk-prediction
model specifically for follow-up colonoscopy receipt using data from a previous pragmatic
clinical trial involving 26 health center clinics. Validating and using this tool to identify
candidates for a patient navigator intervention will allow us to test the utility of risk
prediction models for identifying and intervening on patients to increase colorectal cancer
screening and early detection.

Our design will answer a unique pragmatic question: is patient navigation an effective
approach to address low rates of follow-up colonoscopy? Secondarily, does the effectiveness
of patient navigation differ by patients’ probability of completing a colonoscopy? If
successful, our program could allow health systems to tailor their patient navigation
programs, overcome key barriers to sustaining patient navigation programs (including cost),
and catalyze sustained impact on the field.

The study setting provides an opportunity to conduct a randomized trial within a large,
diverse health center that primarily uses FIT for first-line colorectal cancer screening and
will yield high data capture. Our study clinics serve socio-demographically diverse patients;
we will analyze differences in intervention effect across relevant patient characteristics,
including sex, age, preferred language, Hispanic ethnicity, and insurance status. Our
program will be delivered pragmatically by clinic staff.

We are conducting this research in safety net clinics, so will likely encounter barriers
inherent to research in real-world delivery systems. Drawing on our extensive experience
conducting research in this setting, we will adjust to changing clinical processes and patient
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needs as the study progresses. Our study will be four times larger than any previous
evaluation of follow-up colonoscopy navigation.

In conclusion, patient navigation is widely endorsed as a critical approach to address low
rate of follow-up colonoscopy among individuals who screen positive on FIT. Yet, few
health systems can successfully implement and sustain such programs. Applying our risk
prediction model and knowing which patients could benefit from patient navigation could
allow insurers and health systems to optimize the delivery of patient navigation services,
address health disparities, and reduce associated costs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements:

Manuscript writing was supported by Carrie Nielson, PhD and Neon Brooks, PhD.

Funding: Research reported in this publication was supported by the National Cancer Institute of the National
Institutes of Health under Award Number RO1CA218923. The content is solely the responsibility of the authors and
does not necessarily represent the official views of the National Institutes of Health. The National Institutes of
Health had no role in the study design; in the collection, analysis and interpretation of data; in the writing of the
report; or in the decision to submit the article for publication.

REFERENCES

1. American Cancer Society. Colorectal Cancer Facts & Figures 2017-2019. Atlanta, GA: American
Cancer Society, 2017.

2. Zauber AG. The impact of screening on colorectal cancer mortality and incidence: has it really made
a difference? Digestive Diseases & Sciences. 2015;60: 681-691. [PubMed: 25740556]

3. Niikura R, Hirata Y, Suzuki N, et al. Colonoscopy reduces colorectal cancer mortality: A
multicenter, long-term, colonoscopy-based cohort study. PLoS One. 2017;12: e0185294. [PubMed:
28957370]

4. PanJ, Xin L, Ma YF, Hu LH, Li ZS. Colonoscopy Reduces Colorectal Cancer Incidence and
Mortality in Patients With Non-Malignant Findings: A Meta-Analysis. Am J Gastroenterol.
2016;111: 355-365. [PubMed: 26753884]

5. Coronado GD, Petrik AF, Vollmer WM, et al. Effectiveness of a Mailed Colorectal Cancer
Screening Outreach Program in Community Health Clinics: The STOP CRC Cluster Randomized
Clinical Trial. JAMA Intern Med. 2018;178: 1174-1181. [PubMed: 30083752]

6. Liss DT, Brown T, Lee JY, et al. Diagnostic colonoscopy following a positive fecal occult blood test
in community health center patients. Cancer Causes Control. 2016;27: 881-887. [PubMed:
27228991]

7. Martin J, Halm EA, Tiro JA, et al. Reasons for Lack of Diagnostic Colonoscopy After Positive
Result on Fecal Immunochemical Test in a Safety-Net Health System. Am J Med. 2017;130:
93.691-93.697.

8. Bharti B, May FFP, Nodora J, et al. Diagnostic colonoscopy completion after abnormal fecal
immunochemical testing and quality of tests used at 8 Federally Qualified Health Centers in
Southern California: Opportunities for improving screening outcomes. Cancer. 2019;125(23): 4203-
4209. [PubMed: 31479529]

9. Lee YC, Fann JC, Chiang TH, et al. Time to Colonoscopy and Risk of Colorectal Cancer in Patients
With Positive Results From Fecal Immunochemical Tests. Clin Gastroenterol Hepatol. 2019;17:
1332-1340.e1333. [PubMed: 30391435]

Contemp Clin Trials. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Coronado et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 13

Meester RG, Zauber AG, Doubeni CA, et al. Consequences of Increasing Time to Colonoscopy
Examination After Positive Result From Fecal Colorectal Cancer Screening Test. Clin
Gastroenterol Hepatol. 2016;14: 1445-1451.e1448. [PubMed: 27211498]

Corley DA, Jensen CD, Quinn VP, et al. Association Between Time to Colonoscopy After a
Positive Fecal Test Result and Risk of Colorectal Cancer and Cancer Stage at Diagnosis. JAMA.
2017;317: 1631-1641. [PubMed: 28444278]

DeGroff A, Schroy PC 3rd, Morrissey KG, et al. Patient Navigation for Colonoscopy Completion:
Results of an RCT. Am J Prev Med. 2017;53: 363-372. [PubMed: 28676254]

Rice K, Gressard L, DeGroff A, et al. Increasing colonoscopy screening in disparate populations:
Results from an evaluation of patient navigation in the New Hampshire Colorectal Cancer
Screening Program. Cancer. 2017;123: 3356-3366. [PubMed: 28464213]

Horne HN, Phelan-Emrick DF, Pollack CE, et al. Effect of patient navigation on colorectal cancer
screening in a community-based randomized controlled trial of urban African American adults.
Cancer Causes & Control. 2015;26: 239-246. [PubMed: 25516073]

Ritvo PG, Myers RE, Paszat LF, et al. Personal navigation increases colorectal cancer screening
uptake. Cancer Epidemiology, Biomarkers & Prevention. 2015;24: 506-511.

Myers RE, Sifri R, Daskalakis C, et al. Increasing colon cancer screening in primary care among
African Americans. J Natl Cancer Inst. 2014;106.

Honeycutt S, Green R, Ballard D, et al. Evaluation of a patient navigation program to promote
colorectal cancer screening in rural Georgia, USA. Cancer. 2013;119: 3059-3066. [PubMed:
23719894]

Rice K, Gressard L, DeGroff A, et al. Increasing colonoscopy screening in disparate populations:
Results from an evaluation of patient navigation in the New Hampshire Colorectal Cancer
Screening Program. Cancer. 2017;123: 3356—3366. [PubMed: 28464213]

Petrik AF, Keast E, Johnson EJ, Smith DS, Coronado GC. Development of a Multivariable
Prediction Model to Identify Patients Unlikely to Complete a Colonoscopy Following an
Abnormal FIT Test in Community Clinics. BMC Health Serv. Res. (In Press) 2019.

Coronado GD, Sanchez J, Petrik A, Kapka T, DeVoe J, Green B. Advantages of wordless
instructions on how to complete a fecal immunochemical test: Lessons from patient advisory
council members of a federally qualified health center. J Cancer Educ. 2014;29: 86-90. [PubMed:
24057692]

Royston P, Altman DG. External validation of a Cox prognostic model: principles and methods.
BMC medical research methodology. 2013;13: 33. [PubMed: 23496923]

Steyerberg EW, Vergouwe Y. Towards better clinical prediction models: seven steps for
development and an ABCD for validation. Eur Heart J. 2014;35: 1925-1931. [PubMed: 24898551]
Moons KG, Donders RA, Stijnen T, Harrell FE Jr. Using the outcome for imputation of missing
predictor values was preferred. J Clin Epidemiol. 2006;59: 1092-1101. [PubMed: 16980150]
White IR, Royston P, Wood AM. Multiple imputation using chained equations: Issues and
guidance for practice. Stat Med. 2011;30: 377-399. [PubMed: 21225900]

Sterne JA, White IR, Carlin JB, et al. Multiple imputation for missing data in epidemiological and
clinical research: potential and pitfalls. Bmj. 2009;338: b2393. [PubMed: 19564179]

von Hippel PT. Regression with missing Ys: An improved strategy for analyzing multiply imputed
data. Sociological Methodology. 2007;37: 83-117.

Allison P Handling Missing Data by Maximum Likelihood. SAS Global Forum: Statistics and Data
Analysis, 2012.

Raudenbush S, Bryk A. Hierarchical linear models: applications and data analysis methods.
Thousand Oaks, CA: Sage Publications, 2002.

Demidenko E Sample size determination for logistic regression revisited. Statistics in Medicine.
2007;26: 3385-3397. [PubMed: 17149799]

Hsieh FY, Bloch DA, Larsen MD. A simple method of sample size calculation for linear and
logistic regression. Statistics in Medicine. 1998;17: 1623-1634. [PubMed: 9699234]

Meenan RT, Coronado GD, Petrik A, Green BB. A cost-effectiveness analysis of a colorectal
cancer screening program in safety net clinics. Prev Med. 2019;120:119-125. [PubMed:
30685318]

Contemp Clin Trials. Author manuscript; available in PMC 2021 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Coronado et al.

32.

33.

34.

35.

36.

37.

38.

Page 14

Smith DH, Feldstein AC, Perrin N, et al. Automated telephone calls to enhance colorectal cancer
screening: economic analysis. Am J Manag Care. 2012;18: 691-699. [PubMed: 23198712]

Smith DH, O’Keeffe Rosetti M, Mosen DM, et al. Balancing Adherence and Expense: The Cost-
Effectiveness of Two-Sample vs One-Sample Fecal Immunochemical Test. Popul Health Manag.
2019;22: 83-89. doi: 10.1089/pop.2018.0008. [PubMed: 29927702]

Clayton D, Cuzick J. Multivariate generalizations of the proportional hazards model. Journal of the
Royal Statistical Society. Series A (General). 1985;148: 82-117.

Doubeni CA, Gabler NB, Wheeler CM, et al. Timely follow-up of positive cancer screening
results: A systematic review and recommendations from the PROSPR Consortium. CA Cancer J
Clin. 2018;68: 199-216. [PubMed: 29603147]

Parikh RB, Kakad M, Bates DW. Integrating Predictive Analytics Into High-Value Care: The Dawn
of Precision Delivery. JAMA. 2016;315: 651-652. [PubMed: 26881365]

Percac-Lima S, Ashburner JM, Zai AH, et al. Patient Navigation for Comprehensive Cancer
Screening in High-Risk Patients Using a Population-Based Health Information Technology
System: A Randomized Clinical Trial. JAMA Intern Med. 2016;176: 930-937. [PubMed:
27273602]

Blumenthal DM, Singal G, Mangla SS, Macklin EA, Chung DC. Predicting Non-Adherence with
Outpatient Colonoscopy Using a Novel Electronic Tool that Measures Prior Non-Adherence. J
Gen Intern Med. 2015;30: 724-731. [PubMed: 25586869]

Contemp Clin Trials. Author manuscript; available in PMC 2021 February 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Coronado et al.

Table 1.

Primary and secondary outcomes and data sources for the PRECISE study.
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Variable

Definition

Numerator

Denominator

Primary outcomes

Colonoscopy
completed

A colonoscopy is completed within
12 mo of the patient’s FIT positive
test date

No. of patients with completed
colonoscopy within 12 mo of FIT
positive test date

No. of eligible patients enrolled in
study, with exclusions for patients

. a
randomized in error

Cost and cost-
effectiveness

Cost per program component, per-
patient cost, and cost per additional
completed colonoscopy

Difference in cost to deliver program

Difference in program effectiveness

Secondary outcomes

Time to colonoscopy

Time from FIT positive test result to
completed colonoscopy

Hazard of obtaining a colonoscopy by
365 days

No. of eligible patients enrolled in
study, with exclusions for patients

. a
randomized in error

Adequate bowel
preparation quality

Bowel preparation is considered
adequate by the endoscopist
performing the colonoscopy

No. of patients with adequate bowel
preparation, preparation is (excellent,
good, or fair) and no alterations are
made to rescreening interval because

of bowel prep quality o

No. of patients with a performed
colonoscopy during the study
period (include patients for whom
the procedure was discontinued
because of poor bowel prep)

Results
communicated to
health center/ primary
care provider

Records show that communication
(e.g. procedure report) was received
by the health center/ primary care
provider regarding results of the
colonoscopy examination

No. of patients whose health center /
primary care provider received
communication about their results

No. of patients with a completed
colonoscopy during the study
period

Colonoscopy
outcomes

Adenomas, advanced adenomas, or
cancer detected

No. of patients with adenomas,
advanced adenomas, or cancer
detected (based on pathology report)

No. of patients with a performed
colonoscopy during study period

a - . . . L - .
we anticipate that a small number of randomized patients will be ineligible for colonoscopy for clinical reasons (i.e. had a recent colonoscopy, or
life-limiting co-morbidities) or because they transferred care or moved from the region, etc.

*:

*
bowel prep quality is rated according to a qualitative metric (poor, fair, good, excellent) or the Boston Bowel Preparation Score. A qualitative

rating of poor or Boston Bowel Preparation Score of less than 6 overall or less than 2 for any segment will be considered inadequate.
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