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ABSTRACT
◥

Background: Colorectal cancer screening by annual fecal
immunochemical test (FIT) with follow-up on abnormal results is
a cost-effective strategy to reduce colorectal cancer incidence and
mortality. Unfortunately, many patients with abnormal results do
not complete a follow-up colonoscopy. We tested whether naviga-
tion targeted to patients who are unlikely to complete the procedure
may improve adherence and long-term outcomes.

Methods: Study participants were patients at a large, integrated
health system (Kaiser Permanente Northwest) who were ages 50
to 75 and were due for a follow-up colonoscopy after a recent
abnormal FIT result. Probability of adherence to follow-up was
estimated at baseline using a predictive risk model. Patients
whose probability was 70% or lower were randomized to receive
patient navigation or usual care, with randomization stratified by

probability category (<50%, 50% < 60%, 60% < 65%, 65% ≤ 70%).
We compared colonoscopy completion within 6 months between
the navigation and usual care groups using Cox proportional
hazards regression.

Results: Participants (n ¼ 415; 200 assigned to patient naviga-
tion, 215 to usual care) had amean age of 62 years, 54%were female,
and 87%were non-Hispanic white. By 6months, 76% of the patient
navigation group had completed a colonoscopy, compared with
65% of the usual care group (HR ¼ 1.35; 95% confidence interval,
1.07–1.72; log-rank P value ¼ 0.027).

Conclusions: In this randomized trial, patient navigation led
to improvements in follow-up colonoscopy adherence.

Impact:More research is needed to assess the value of precision-
directed navigation programs.

Introduction
Colorectal cancer claimed the lives of an estimated 50,000 adults in

the United States in 2019 (1). Improving screening through fecal
immunochemical testing (FIT) or other modalities could reduce
colorectal cancer mortality by more than 50% (2), but only if patients
with abnormal fecal test results receive follow-up colonoscopies (3, 4).
A recent meta-analysis showed an overall follow-up colonoscopy
completion rate of 72%, with five recent United States-based studies
reporting rates ranging from 56% to 86% (5).

Delays in follow-up colonoscopy can lead to increases in colorectal
cancer incidence and mortality. Analyses of Kaiser Permanente
Northern California data show that delays of 10 months or longer
were associated with a 48% increased risk of colorectal cancer and a

two-fold increased risk for advanced-stage disease, compared with
colonoscopywithin 30 days of an abnormal FIT (6). Lee and colleagues
reported a 31% higher risk of colorectal cancer and a two-fold higher
risk of advanced stage disease among adults who delayed colonoscopy
by 6 months or more than among those who obtained a colonoscopy
within 1 to 3 months (7). Modeling by Meester and colleagues
predicted a 4% higher colorectal cancer incidence and 16% higher
mortality among adults who completed a colonoscopy within
12 months versus within 2 weeks following an abnormal FIT (8).

Research suggests that patient navigation may increase completion
of colorectal cancer screening and follow-up. Patient navigators help
patients communicate with their health care provider, set up appoint-
ments, and access community resources. In previous reports, patient
navigation boosted rates of colorectal cancer screening and follow-up
by 8 to 31 percentage points (9–14). The New Hampshire Colorectal
Cancer Screening Program (NHCRCSP; ref. 10) delivered phone-
based navigation to uninsured and underinsured individuals ages
50 to 64 with household incomes at or below 250% of the federal
poverty level. The program also provided free colonoscopy to adults
eligible for a screening colonoscopy. Findings showed a 27 percentage
point boost in colonoscopy uptake over a comparable control group
(96% vs. 69%, P < 0.001; ref. 10).

Notably, the successful NHCRCSP program reported that a high
proportion (69%) of nonnavigated patients obtained a colonoscopy—
that is, they did not need navigation. This finding is important because
patient navigation programs typically require extensive resources. If
health systems could determine which patients were unlikely to
complete a colonoscopy on their own, they could focus on the
individuals most in need.

As part of a Centers for Disease Control-funded replication study of
the NHCRCSP program (SIP-16-001), we tested the effectiveness
of targeted patient navigation for follow-up colonoscopy at Kaiser
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Permanente Northwest (KPNW). We used a predictive risk model to
calculate individuals’ probability of obtaining a colonoscopy on their
own. We included patients whose probability was less than 70%, and
we report the effectiveness of patient navigation, overall and by
subgroups defined by age, race, sex, and the estimated probability of
a patient obtaining a colonoscopy on their own.

Materials and Methods
Parent study: replication of the New Hampshire colorectal
cancer screening program

Here, we present the results of an individual randomized trial of
the NHCRCSP program delivered to patients whose probability of
obtaining a colonoscopy was less than 70%. This was a subanalysis
of a larger study testing the replication of the NHCRCSP program
(described elsewhere; refs. 10, 15). The NHCRCSP program is a tele-
phone-based program that focuses on six different topics. Patients receive
calls covering four topic areas prior to their colonoscopy, and the final
two after they complete it. Calls are delivered by a registered nurse
navigator; topics are listed in Supplementary Table S1. All study proce-
dures were reviewed and approved by the University of Washington
Institutional Review Board (protocol no.: 00000779), which waived
informed consent, because the study involved minimal risks to patients.
This subanalysis includes parent-study data (n ¼ 280 participants)
from the KPNW site plus an additional 215 KPNW participants
recruited for the present analysis. Recruitment took place between
May 2018 and January 2019; and follow-up occurred through June
2019. The trial was not registered with clinicaltrials.gov.

Study setting
KPNW is an integrated health care delivery system that serves over

600,000 patients in Oregon and Southwest Washington. Colonoscopy
services are delivered at 20 different facilities. In 2019, KPNW’s
colorectal cancer screening rate was 83% among eligible adults ages
50 to 75. In 2019, a total of 67,619 patients obtained FIT testing and
2,986 patients had an abnormal FIT. KPNW operates a mailed FIT
outreach program that mails FIT kits and sends automated reminders
to eligible patients. KPNW uses OC-Auto-FIT (Polymedco, Cortlandt
Manor,NY), a quantitative FITwith results processed by an automated
analyzer. Abnormal FIT results are determined using the manufac-
turer-recommended hemoglobin concentration cutoff of 20 mg of
hemoglobin/g of stool.

Predicted probability of colonoscopy adherence
In this analysis, we applied our previously developed risk prediction

model to KPNW patients due for colonoscopy following an abnormal
FIT test (16). Themodel, developed and validated in collaborationwith
the KPNW gastroenterology department, identifies patients with
abnormal FIT results who have a low likelihood of obtaining a
follow-up colonoscopy on their own, and thus may benefit from
patient navigation.

The variables in the prediction model include demographics (age,
sex, race, language, and geographic region); clinical data (smoking
status, history of comorbid conditions, body mass index, number of
prescriptions, prior flu vaccination, hemorrhoids, and substance
abuse); and care utilization data (number of encounters and missed
appointments in the past year, and prior colorectal cancer screening;
Supplementary Table S2). The currentmodel was developed using Cox
proportional hazards regression, and internal validation was per-
formed using bootstrappingwith 500 replicates. Themodel’s bootstrap
corrected C-statistic was 0.65.

Study procedures
Research staff partnered with KPNW clinic staff to implement

the NHCRCSP patient navigation program or usual care for
patients who had an abnormal FIT test result and an estimated
probability of colonoscopy completion of <70% based on the
updated prediction model.

Patient selection and randomization
An automated process identified patients ages 50 to 75 who received

an abnormal FIT test result in the past 2 months, a referral to
colonoscopy, and no recent colonoscopy (in the past 3 years) or
hospitalization (in the prior month). The project analyst calculated
individual colonoscopy adherence probabilities using the model
described above, and randomized individuals within probability strata
(<50%, 50% < 60%, 60% < 65%, 65% ≤ 70%) to receive patient
navigation or usual care. The analyst randomized patients on a weekly
basis using the SURVEYSELECT procedure in SAS Institute Inc.
Patients with a colonoscopy probability over 70% were excluded.
Patients randomized to the intervention were entered into a REDCap
database, which tracked navigation activities.

Prior to randomization, abnormal FIT results were managed by a
centralized licensed nurse who reviewed the patient’s chart to deter-
mine whether the patient met the criteria for standard referral to
colonoscopy. Patients meeting the criteria were referred for a colo-
noscopy; those for whom it was unclear whether they met the criteria
were referred to a physician who performed a more detailed chart
review. On the basis of the findings, the physician either placed a
colonoscopy referral (for patients meeting clinical criteria), referred
the patients to a pre-procedure visit with the gastroenterologist, or sent
a letter explaining why the patient did not need a colonoscopy (for
patients not meeting clinical criteria). Patients referred to colonoscopy
were eligible for randomization. Following randomization, a small
number of patients were referred to a pre-procedure visit, based on
clinical information obtained during scheduling or during navigation,
and thus excluded from the study.

Usual care condition
After referral to colonoscopy, a medical assistant contacted the

patient to schedule an appointment. Standard GI department remin-
ders (up to three phone calls, an email message, and a letter) were sent
before the appointment, and communications regarding bowel prep
were made via phone and through messages in the health plan’s
website patient portal.

Patient navigation intervention
Patients assigned navigation received navigation services from a

registered nurse. The nursemailed an introductory letter and delivered
live calls addressing the six topic areas, scheduled at particular times
relative to the colonoscopy procedure. She made up to three attempts
to reach a patient for each call. The navigatormade calls from 8:00 a.m.
to 5:00 p.m. Monday to Thursday.

Outcomes
The primary outcome was time to colonoscopy following an

abnormal FIT result. Colonoscopy completion and date of completion
were extracted from KPNW’s electronic medical record (Epic), the
navigator database, and through chart abstractions (the chart abstrac-
tor was blinded to randomization assignment). Time-to-colonoscopy
was calculated from the date of the abnormal FIT lab test result.
Participants were followed until the time of colonoscopy, death, end of
membership, or for 180 days, whichever came first. A secondary
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outcome was colonoscopy appointment cancellations or missed
appointments, categorized into five groups: did not miss or cancel
the appointment; missed appointment (no-show); cancelled less than
24 hours before appointment; cancelled 24 to 48 hours before appoint-
ment; or cancelled 48 hours or more before appointment. Missed or
cancelled appointments data were obtained from the navigator data-
base and chart abstraction. Finally, we assessed the proportion of
intervention participants who received at least one outreach phone
call, and the proportion who received each of the six topic area calls.

Statistical analysis
Analyses were conducted using intent-to-treat principles: all

participants were analyzed as part of the group to which they
were randomized. We examined the characteristics of our study parti-
cipants at baseline overall and by study condition and calculated stan-
dardizeddifferences indistributions; subsequenthypothesis-testingmod-
els were adjusted for variables with standardized differences ≥0.10 (17).
We used a Kaplan–Meier estimator to calculate the cumulative incidence
of colonoscopy in each condition at 6 months. We used the log-rank test
to test for differences in time to colonoscopy. We used Cox proportional
hazards regression to estimate the HR and 95% confidence intervals of
colonoscopy completion between the two study conditions, using the
Efronmethod for handling tied survival times (18);models were adjusted
for age, race, insurance type, prior colonoscopy screening, body mass
index, and prior flu vaccination, which had standardized differences
≥0.10. The proportional hazards assumption was verified by visual
inspection (log–log plot) and by a global test on the Schoenfeld
residuals (19–21). We estimated incidence of colonoscopy by study
condition by dividing the number of colonoscopies by the accumulated
person-time; confidence intervals of these rates were calculated using the
quadratic approximation of the Poisson log likelihood (22).

For the secondary outcome of cancelled ormissed appointments, we
estimated the proportion of each study condition in each of the five

timing groups defined above. Due to small sample sizes, confidence
intervals were estimated using exactmethods.Weused chi-square tests
to compare the distribution of responses by study condition.

Finally, to examine our model performance and completion of
colonoscopy absent of intervention, we examined Kaplan–Meier
plots of colonoscopy completion by probability band in the usual
care group. The baseline predicted probability of colonoscopy
adherence was calculated using SAS 9.4. All other analyses were
conducted using Stata/IC 15.1. We defined statistical significance as
P value <0.05 and all P values reported are two-sided.

Heterogeneity of treatment effects
In post hoc secondary analyses, we examined hazard ratios and 95%

CIs of colonoscopy receipt for participants in the intervention group,
divided into subgroups defined by sex, age (50–54, 55–59, 60–64, 65–
69, and 70–75), race (non-white and white), and baseline predicted
probability of colonoscopy adherence, per our predictive model. We
tested for heterogeneity of treatment effects by examining the inter-
action between treatment group and subgroup of interest.

Power calculations
We did not perform post hoc power calculations for this study.

Power calculations for the parent study showed that a sample size of
280 (140 per condition) yielded a 16 percentage point improvement
(69% vs. 85%), using power¼ 0.90 with a Type I error rate of 5%. This
study included these 280 patients plus an additional 215 patients
accrued during the extended enrollment interval, for a total of 495
randomized patients (415 in the final analytic sample).

Results
A total of 495 persons met eligibility criteria and were randomized;

415were included in the analysis (Fig. 1). The 80 excluded patients had

Figure 1.

Flow chart of participant selection. The
flow chart shows the process used to
select study participants for the ran-
domized study of patient navigation
and usual care.

Precision Patient Navigation Program
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completed a recent prior colonoscopy (were randomized in error: six
intervention; eight usual care) or were referred to a pre-procedure visit
with the gastroenterologist (postrandomization) and were thought to
need no further navigation (27 intervention; 39 usual care). Partici-
pants’ mean age was 62 years, 54% were female, 87% were non-
Hispanic white, and 92% spoke English (Table 1). Patients allocated to
intervention and usual care were similar across all demographic and
clinical variables, except insurance status and prior FIT screening.
Among persons who did not complete a colonoscopy, mean follow-up
time was 167 days.

At 180 days, the estimated cumulative incidence of colonos-
copy was 75.5% in the navigation group and 64.9% in the usual
care group (HR ¼ 1.35; 95% CI, 1.06–1.72; Figure 2). Among
those who received colonoscopies, the median time to colonos-
copy was 73 days in the navigation group and 88 days in the usual
care group.

We did not see evidence of heterogeneity in the effect of pati-
ent navigation on colonoscopy receipt across subgroups, with
similar HRs in subgroups defined by age, sex, race, and baseline

estimated probability (Fig. 3). Kaplan–Meier plots and HRs by
probability band are shown in Supplementary Fig. S1. There was
some indication that navigation performed better in patients
assigned to usual care who had lower colonoscopy incidence
(Supplementary Table S3). When we examined colonoscopy
completion in the usual care group alone, we did not observe
a separation in the cumulative incidence of colonoscopy by
estimated probability until 40 to 50 days after the positive FIT
(Supplementary Fig. S2).

In total, 68 participants (16.4%) had at least one cancellation
or missed colonoscopy appointment. We observed differences
in the distribution of cancellation times between intervention and
usual care groups, with participants in patient navigation having
a lower proportion of missed appointments (4.5% vs. 7.4%,
Figure 4) and appointments canceled within 24 hours (2.5% vs.
3.7%). Participants in the navigation group were more likely to
cancel 24 to 48 or more hours before their appointment (9.5% vs.
5.2%); however, the differences were not significant (chi-square
P value ¼ 0.20).

Table 1. Participant characteristics by randomization group.

Usual care
Patient
navigation

Standardized
difference

(n ¼ 215)
n (%)

(n ¼ 200)
n (%)

Age group 0.269
50–54 41 (19.1%) 32 (16.0%)
55–59 27 (12.6%) 38 (19.0%)
60–64 54 (25.1%) 63 (31.5%)
65–69 48 (22.3%) 35 (17.5%)
70–75 45 (20.9%) 32 (16.0%)

Female 117 (54.4%) 107 (53.5%) 0.018
White 182 (84.7%) 177 (88.5%) 0.113
English speaking 198 (92.1%) 182 (91.0%) 0.039
Geographic region 0.076

Portland, OR 153 (71.2%) 144 (72.0%)
Salem, OR 14 (6.5%) 16 (8.0%)
Vancouver, WA 48 (22.3%) 40 (20.0%)

Insurance type 0.251
Commercial 103 (47.9%) 109 (54.5%)
Medicaid 15 (7.0%) 23 (11.5%)
Medicare 97 (45.1%) 68 (34.0%)

Current tobacco use 49 (22.8%) 47 (23.5%) �0.017
Body mass index 0.177

<25 47 (22.6%) 41 (20.7%)
≥25–<30 58 (27.9%) 47 (23.7%)
≥30–<35 36 (17.3%) 43 (21.7%)
≥35–<40 28 (13.5%) 34 (17.2%)
≥40 39 (18.8%) 33 (16.7%)

Prior diabetes diagnosis 81 (37.7%) 69 (34.5%) 0.066
Prior colorectal screening 0.179

None 77 (35.8%) 67 (33.5%)
Prior colonoscopy 43 (20.0%) 29 (14.5%)
Prior FIT only 95 (44.2%) 104 (52.0%)

Prior flu vaccination 123 (57.2%) 96 (48.0%) 0.185
Baseline predicted probability of completing a colonoscopy in 6 months —

<50% 27 (12.6%) 23 (11.5%)
50%–≤60% 66 (30.7%) 56 (28.0%)
60%–≤65% 59 (27.4%) 55 (27.5%)
65%–≤70% 63 (29.3%) 66 (33.0%)
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Of the 200 participants allocated to patient navigation and included
in the analysis, 100% received at least one phone contact from the
navigator and 157 (79%), 147 (74%), 137 (69%), 108 (54%), and
48 (24%) received topic areas 2, 3, 4, 5, and 6, respectively. Call topics
5 and 6 were delivered after the colonoscopy.

Discussion
Among individuals with an abnormal FIT result identified

through predictive modeling as having lower than 70% likelihood
of obtaining a follow-up colonoscopy, those assigned to patient
navigation were significantly more likely to obtain a colonoscopy
within 6 months than those assigned to usual care (76% vs. 65%).
Moreover, persons receiving navigation had fewer missed and late-
cancelled appointments than those receiving usual care. Our
findings represent the first efforts to test a probability-based
approach to selecting patients for navigation who are due for
follow-up colonoscopy.

Risk-prediction models hold promise for identifying patients less
likely to complete a colonoscopy. Although we know of no pub-
lished model that has assessed the probability of colonoscopy
adherence following an abnormal FIT result, two models have
identified patients unlikely to obtain initial cancer screening
tests (23, 24). Blumenthal and colleagues reported on a prediction
model developed for screening colonoscopy adherence that
achieved an area under the curve estimate of 70.2% (25). To our
knowledge, this model has not been evaluated for use in a delivery

Figure 2.

Cumulative incidence of colonoscopy estimated using the Kaplan–Meier
estimator for the two study conditions: patient navigation and usual care.
Cox proportional hazards regressionmodel–derived HR and 95%CI are adjusted
for age, race, insurance type, prior colonoscopy screening, bodymass index, and
prior flu vaccination. The log-rank test P value is unadjusted.

Figure 3.

HRs and 95% CIs are from unadjusted
Cox proportional hazards regression
models comparing the two study con-
ditions (patient navigation and usual
care), fit separately by each subgroup
listed.

Precision Patient Navigation Program
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system. Percac-Lima applied an algorithm to identify primary care
patients likely to be nonadherent to cancer screening (24). Study
findings showed improvements in cancer screening among patients
assigned to navigation, compared with usual care (24). In a separate
study, Percac-Lima reported reductions in no-show rates (10.2% vs.
17.5%, P < 0.001) in a patient navigation program that delivered two
phone reminders to patients deemed high risk for no-show (4425
patients of 40,075 scheduled; ref. 25). Our study targeted navigation
to 495 of 1,962 patients with an abnormal FIT result during the
enrollment period, suggesting similar efficiencies.

Although our study was not powered to detect a statistically
significant difference across probability groups, our data suggest that
patient navigation was more effective among patients who had a lower
probability of obtaining colonoscopy on their own. Further research is
needed to identify patients who may benefit from additional supports,
to tailor the timing and intensity of navigation, and to address barriers
for patients who do not complete a colonoscopy even with navigator
support. Other research is needed to support the implementation of
predictive models (26).

Data from the original NHCRCSP program show that compared
with non-navigated patients, navigated patients had lower proportions
of appointments thatweremissed (0%vs. 15.6%,P< 0.001) or canceled
within 24 hours of the scheduled time (0.8% vs. 16%, P < 0.001; ref. 10).
Our observed usual care proportions of missed and late-cancelled
appointments were substantially lower than in the NHCRCSP pro-
gram, and our navigated patients displayed more modest reductions
in missed appointments (7.4% vs. 4.5%; 2.9% difference) and late-
canceled appointments (3.7% vs. 2.5%; 1.4% difference). In cost-
effectiveness analyses of the NHCRCSP program, each avoided
missed or late-canceled appointment led to a $737 cost savings (27),
suggesting that even modest improvements in these metrics can lead
to substantial savings.

Our evaluation also had several strengths. Our study used an
individual randomized design, and we applied a modified inten-
tion-to-treat principle [where 80 participants who had a recent prior
colonoscopy (n¼ 14) or referral to a pre-procedure colonoscopy visit
(n¼ 66) were excluded]. Our programwas delivered by clinic staff and
was much larger than any previous evaluation of follow-up colonos-
copy navigation (28–30).

Our study has several limitations. Our study tested patient
navigation against usual care in an integrated health system,
where baseline follow-up colonoscopy rates were relatively high;
greater improvements could likely be achieved in settings with
lower follow-up colonoscopy rates. This setting differed substan-
tially from the setting where the program was developed. Our
navigator worked daytime hours and was limited to making up
to three calls to reach patients. Although the number of call
attempts has been rarely reported in similar studies (15, 29), this
may have reduced the program’s effectiveness. Nevertheless, a
high proportion of participants were reached (79% of adults
participated in at least two phone calls), and a majority of
navigated patients received five of the six topic areas. We did
not assess colonoscopy completion among patients whose pre-
dicted probability was >70%, although these data may have been
useful in further evaluating our model. Moreover, our relatively
small sample size limited our power and ability to perform
subgroup analysis, and our sample was 87% white, limiting our
generalizability to diverse populations. Future research might
apply this approach to a non-integrated health system setting
serving diverse patients.

Conclusion
Patient navigation is widely endorsed to address low rates of

follow-up colonoscopy after an abnormal FIT. Yet, such programs
may not be cost-effective and sustainable if not targeted to patients
in greatest need. Our findings suggest that directing navigation
resources to patients who need them most may improve follow-up
colonoscopy rates and reduce missed and late-canceled colonoscopy
appointments.
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cipants by study condition: patient navigation and usual care. CIs for the
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