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Abstract

Background: To reduce colorectal cancer incidence and mortality, experts recommend
surveillance colonoscopy 3 years after advanced adenoma removal. Little is known about
adherence to that interval.

Methods: We describe patterns of and factors associated with subsequent colonoscopy among
persons with >3 adenomas and/or =1 adenoma with villous/tubulovillous histology in four US
integrated healthcare delivery systems. We report Kaplan-Meier estimators of the cumulative
percentage of patients undergoing colonoscopy 6 months to 3.5 years after an index colonoscopy
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with high-risk findings. Combining data from three healthcare systems, we used multivariable
logistic regression with inverse probability of censoring weights to estimate odds ratios (ORs) and
95% confidence intervals (Cls) for associations between patient characteristics and receipt of
subsequent colonoscopy.

Results: Among 6,909 persons with advanced adenomas, the percent receiving a subsequent
colonoscopy 6 months to 3.5 years later ranged from 18.3% (95% CI: 11.7%-27.8%) to 59.5%
(95% CI: 53.8%—65.2%) across healthcare systems. Differences remained significant in the
multivariable model. Patients with =3 adenoma were more likely than those with 1-2 villous/
tubulovillous adenoma to undergo subsequent colonoscopy. Subsequent colonoscopy was also
more common for patients aged 60-74 and less common for patients aged 80-89 compared to
those aged 50-54 years at their index colonoscopy. Sex, race/ethnicity, and comorbidity index
score were generally not associated with subsequent colonoscopy receipt.

Conclusions: Colonoscopy within the recommended interval following advanced adenoma was
underutilized and varied by healthcare system, age, and number of adenomas.

Impact: Strategies to improve adherence to surveillance colonoscopy following advanced
adenomas are needed.
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INTRODUCTION

To reduce colorectal cancer (CRC) morbidity and mortality, the United States (US) Multi-
Society Task Force on Colorectal Cancer recommends 3-year surveillance colonoscopies for
patients with high-risk adenomatous polyps, including 3—-10 tubular adenomas, any tubular
adenoma =10 mm, any adenoma with villous histology, any adenoma with high-grade
dysplasia, sessile serrated polyps =10 mm or with dysplasia, or traditional serrated adenoma
(1). Few published data exist about adherence to these guidelines. Several studies using
Medicare data have reported 20-55% of patients with a polypectomy undergo procedures
that can be used for surveillance (e.g., colonoscopy, flexible sigmoidoscopy) within 3 years
(2—-4); however, Medicare data do not have information on polyp histology, number, or size,
and are thus unable to identify those with high-risk findings for whom a 3-year surveillance
interval is recommended. A study in the Veterans Health Administration observed that
slightly more than half of patients with high-risk adenomas did not receive a colonoscopy
within the recommended interval (5). Follow-up of patients enrolled in two randomized
controlled trials found that approximately one-third of patients with advanced adenomas
received surveillance within 3 years (6, 7). It is unknown whether similar patterns are
present in the general, non-trial population of US patients. We thus undertook a cohort study
to characterize patterns of and factors associated with colonoscopy receipt within
approximately 3 years after diagnosis of such high-risk adenomas in four US integrated
healthcare delivery systems.
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Study population

Exposures

This study was conducted as part of the National Cancer Institute (NCI)-funded Population-
based Research Optimizing Screening through Personalized Regimens (PROSPR)
consortium. The overall aim of PROSPR is to conduct multi-site, coordinated,
transdisciplinary research to evaluate and improve cancer screening processes (8). The ten
PROSPR Research Centers reflect the diversity of US delivery system organizations.
PROSPR colorectal cancer Research Centers include four different regional healthcare
delivery systems. Study subjects were members of Kaiser Permanente Northern California
(KPNC), Kaiser Permanente Southern California (KPSC), and Kaiser Permanente
Washington (KPWA, which was Group Health at the time of the study), or had at least one
primary care visit in the Parkland Health & Hospital System (Parkland), a safety-net system,
on or after 1/1/2010 (9). Systems differed from one another in their screening and follow-up
strategies and their organizational structures.

We included patients ages 50-89 years who received a colonoscopy between January 1,
2010 and December 31, 2010 (the “index” colonoscopy) at which =3 adenomas and/or =1
adenoma with villous/tubulovillous histology were found. Information needed to identify
other high-risk findings such as large adenoma, high-grade dysplasia, serrated lesions, or
serrated polyposis syndrome were not consistently available. However, at KPWA, data on
adenoma size were available and patients with large adenomas (=1 cm) were included in a
secondary analysis.

We excluded patients with any of the following within 6 months of their index colonoscopy:
loss to follow-up (i.e., died, disenrolled from KPNC, KPSC, or KPWA, or reached age 65 at
Parkland — at which point patients became eligible for Medicare and may have received care
outside of Parkland), diagnosis of colorectal cancer, or receipt of another colonoscopy. We
implemented this last restriction because colonoscopies performed within a short interval
may have resulted from incomplete index exam or incomplete removal of polyp at the index
colonoscopy.

Institutional Review Boards at study sites and the PROSPR Statistical Coordinating Center
approved study procedures.

Index colonoscopies were identified in electronic data sources via procedure codes at all
sites (Appendix 1). At Parkland, we also searched for “colonoscopy” in the EHR procedure
description field when no code was present. Pathology results came from a variety of
sources. KPNC and KPSC used electronic pathology databases with systematized
nomenclature of medicine codes (https://www.snomed.org/) to identify histology (10) and
the number of individual pathology containers with adenomas. At KPWA, results were
obtained by natural language processing when electronic pathology reports were available or
manually reviewed by medical abstractors otherwise. Compared to chart abstraction,
specificities for 23 adenomas and villous/tubulovillous histology were both =98%.
Sensitivity was 89%-100% for villous/tubulovillous histology and 50-62% for =3 adenomas
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(depending on where the colonoscopy was performed). At Parkland, pathology results were
manually reviewed by medical abstractors. In a 5% sample of re-abstracted Parkland
records, only 2.9% were inconsistent with respect to abstracted pathology.

We grouped index colonoscopy findings into the three finest mutually exclusive categories
possible at all sites: 1-2 adenomas, with at least one having villous/tubulovillous histology;
>3 adenomas without villous/tubulovillous histology; or =3 adenomas, with at least one
having villous/tubulovillous histology.

Other exposures of interest included healthcare system, insurance type in 2010, sex, age at
index colonoscopy, race/ethnicity, and Charlson comorbidity index score. Comorbidity was
measured in the calendar year 2010 for Kaiser Permanente sites and for a one-year period
following PROSPR cohort entry in 2010 for Parkland patients.

Receipt of subsequent colonoscopy was ascertained in each site’s electronic data sources (9)
as described above until the earliest of the following: coverage disenrollment at KPNC,
KPSC, and KPWA, aging out of the PROSPR study population (at age 90 years for KPNC,
KPSC, and KPWA or age 65 years for Parkland), moving out of a cancer registry coverage
area, colorectal cancer diagnosis, death, or administrative cutoff (end of data collection).
Data were collected through December 31, 2013 at KPNC, KPSC, and KPWA and
September 30, 2014 for Parkland. Thus, end of data collection for administrative reasons
occurred between 3.0 and 4.0 years after the index colonoscopy at KPNC, KPSC, and
KPWA and between 3 years 9 months and 4.0 years at Parkland.

The main study outcome was receipt of a subsequent colonoscopy between 6 months and 3.5
years after the index colonoscopy date. We decided a priorito examine receipt of
colonoscopy through 3.5 years to allow a 6-month “grace” period after it was due (at 3.0
years). In sensitivity analyses, we report on receipt of colonoscopy between 6 months and
3.0 years after the index colonoscopy.

Statistical analysis

We computed descriptive statistics for the cohort overall and by index colonoscopy findings
and healthcare system. To account for censoring due to the factors described above (e.g.,
disenrollment from healthcare system, end of data collection), we used the Kaplan-Meier
product limit estimator to obtain the cumulative percent along with 95% confidence intervals
(CI) of patients receiving colonoscopy with 6 months to 3.5 years after the advanced
adenoma findings described above. Cumulative incidence curves were generated for each
healthcare care system.

We subsequently combined data across KPNC, KPSC, and KPWA and compared receipt of
subsequent colonoscopy according to index colonoscopy findings, patient age at index
colonoscopy, sex, race/ethnicity, insurance type, and Charlson comorbidity score using the
log-rank test (11). A priori, we excluded Parkland patients in these pooled analyses because
of differences in age ranges and insurance options as well as potential differences in
predictors of surveillance in safety net settings. We used multivariable logistic regression to
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estimate odds ratios (ORs) and 95% Cls for receipt of colonoscopy between 6 months and
3.5 years after the index colonoscopy. Individuals who were censored between 6 months to
3.5 years (3.0 years for sensitivity analysis) were excluded from the logistic regression
analyses because of missing data for the outcome of interest. To reduce potential bias of
using only individuals with complete data, we used the inverse probability of censoring
weighting method (12, 13) that is commonly used for nonrandom missing data in binary
outcomes derived from lifetime data. Briefly, a weighted logistic regression model was fit to
individuals with complete data but their contribution to the estimation was inversely
weighted by probability of model inclusion. The inclusion probability was calculated in the
full cohort with a Cox regression model for time to censoring, with all exposure variables
incorporated as predictor variables. Associations with Charlson comorbidity varied with
time based on Schoenfeld residual plots. Accordingly, we incorporated interactions between
Charlson comorbidity and time to censoring (modeled employing piece-wise linear and
quadratic terms). Patients were then analyzed in a single weighted logistic regression model
including healthcare system (KPNC, KPSC, KPWA), index finding (as described above),
age at index colonoscopy (50-54, 55-59, 60-64, 65-69, 70-74, 75-79, and 80-89 years),
sex, race/ethnicity (non-Hispanic white, non-Hispanic black, non-Hispanic Asian, Hispanic,
other, and missing), insurance (Medicare, commercial/private, other governmental), and
Charlson score (0, 1, 2, 3+, unknown). We repeated the analysis using receipt of
colonoscopy between 6 months and 3 years as the outcome. Post hoc, we considered but did
not model outcomes at Parkland separately due to insufficient variation in findings at index
colonoscopy (Appendix 2).

In an exploratory analysis among KPWA patients, we estimated ORs and 95% Cls for those
with adenomas =1 cm who were not otherwise included in our main analysis (i.e., no
villous/tubulovillous features and <3 adenoma total). Based on guidelines, this group would
also be expected to return for surveillance colonoscopy at 3 years.

RESULTS

Study population

From 3,258,625 people in the PROSPR cohort, we identified 6,909 eligible patients based on
their colonoscopy findings (Figure 1). Characteristics of subjects overall and by high-risk
index colonoscopy findings are presented in Table 1. Patients were predominantly male
(59.7%) and non-Hispanic white (60.6% among non-missing), and from KPNC (49.0%) or
KPSC (43.6%). Age was relatively evenly distributed across 5-year age groups from 50-54
through 65-69 years and steadily declined in size thereafter. Mean age was 64.1 years
(standard deviation=8.9 years). In this sample of patients with high risk findings, 60.6% of
patients had 1-2 villous/tubulovillous adenomas; 30.9% had =3 adenomas without villous/
tubulovillous features; and 8.4% had =3 adenoma with at least one villous/tubulovillous
adenoma. Appendix 2 shows characteristics by healthcare system. Having =3 adenoma with
no villous features was much more common at Parkland (Appendix 2).
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Cumulative incidence of subsequent colonoscopy

The median follow-up time was 3.41 years (interquartile range [IQR]: 3.12-3.70 years)
among the 6,909 patients in this study. Among individuals without an observed subsequent
colonoscopy, the median follow-up time was 3.30 years (IQR: 3.04-3.64 years). By 3.5
years after the index colonoscopy, approximately one quarter of patients (24.5%) had been
administratively censored and a small percentage had aged out (0.7%), moved away
(<0.1%), died (3.8%), disenrolled (9.2%), or been diagnosed with colorectal cancer (<0.1%)
without first being observed to have a colonoscopy. Taking censoring into account, we saw
wide variation across healthcare systems in the percentage of people who received a
subsequent colonoscopy within 6 months to 3.5 years of their index colonoscopy: 18.3%
(95% CI: 11.7%, 27.8%) at Parkland, 47.0% (95% CI: 45.0%, 49.1%) at KPSC, 48.1%
(95% ClI: 46.1%, 50.1%) at KPNC, and 59.5% (95% CI: 53.8%, 65.2%) at KPWA (Table 2).

Site-specific differences in colonoscopy rates were significant (p<0.0001, Figure 2).
Cumulative incidence curves showed similar patterns across sites, most notably the sharp
increase at approximately 3 years. The percentage of patients receiving colonoscopy did not
plateau during the follow-up period; rather the rate of colonoscopy remained high 3.5to 4
years after the index colonoscopy (Figure 2) with only a suggestion of decline.

We stratified incidence curves by patient characteristics at KPNC, KPSC, and KPWA
(Figure 3). Time to subsequent colonoscopy differed by index colonoscopy findings (Figure
3A, p<0.0001). Patients with =3 adenomas with some villous/tubulovillous histology at
index had higher rates of colonoscopy and received colonoscopy sooner than other groups,
except at KPWA (Table 2). Age at index was also associated with time to subsequent
colonoscopy (Figure 3B, p<0.0001); patients aged 80-89 years at their index exam were
least likely to receive a subsequent colonoscopy. Cumulative incidence curves did not vary
much by patient characteristics with exception for patients with missing Charlson score,
missing race/ethnicity and Medicaid/other governmental insurance (Appendix 3).

Primary analysis

Multivariable weighted logistic model results generally confirmed findings from the
cumulative incidence curves (Table 3). Compared to patients with 1 or 2 adenomas with
villous features, having =3 adenomas was associated with higher odds of colonoscopy 6
months to 3.5 years after the index colonoscopy for patients with no villous/tubulovillous
features (OR=1.29 (95% CI: 1.16, 1.44)) and for patients with some villous/tubulovillous
features (OR=1.43 (95% CI: 1.19, 1.71)) at their index colonoscopy. In addition, subsequent
colonoscopy was more common for patients aged 60—74 and less common for patients aged
80-89 compared to the reference age group of individuals aged 50-54 years. Compared to
KPNC, the odds of subsequent colonoscopy were higher at KPWA and slightly lower at
KPSC. Having an unknown Charlson score was also associated with increased odds of
subsequent colonoscopy. Sex and insurance were not associated with receipt of subsequent
colonoscopy. Compared to non-Hispanic white patients, Hispanic patients had higher rates
of colonoscopy and patients with missing race/ethnicity had lower rates. Appendix 4 shows
model results for KPNC, KPSC, and KPWA separately. Results from KPNC and KPSC were
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generally similar to one another but appeared to differ from KPWA with respect to index
colonoscopy findings and race/ethnicity.

Secondary analyses

When we truncated follow-up at 3.0 years, the percent of patients who received a
colonoscopy ranged from 10.2% (95% CI: 5.6%, 18.2%) to 30.9% (95% CI: 26.3%, 36.0%)
across sites. Multivariable model results were generally similar to the primary findings
(Appendix 5).

At KPWA, using the data available for adenoma size, we identified an additional 156
patients not included in the main analysis who had at least 1 large adenoma but <3 adenoma
total and no villous histology. Among these patients, 48.2% completed a colonoscopy
between 6 months and 3.5 years.

DISCUSSION

In this population-based study in four US healthcare systems, the likelihood of receiving a
subsequent colonoscopy within 6 months to 3.5 years after =3 adenomas or any adenomas
with villous features differed by healthcare system, ranging from 18.3% to 59.5% across
systems. The safety net system in our study had a substantially lower rate of subsequent
colonoscopy compared to the other sites, likely related to differences in resources and
patient populations. Though statistically significantly different, the percent of patients with a
subsequent colonoscopy at KPNC and KPSC was similar (48.1% and 47.0%, respectively).
The percent at KPWA (which was Group Health at the time of the study) was higher.
Differences across sites might have been due to residual confounding by patient-level factors
or unmeasured organizational-level differences related to patient outreach, surveillance
protocols, medical center capacity, or ease of scheduling. Most importantly, we observed at
all sites that a substantial percentage of persons with high risk adenomas did not receive a
subsequent colonoscopy during the guideline-recommended interval.

As expected, the rate of colonoscopy increased at around 3 years, when patients would have
been due for a surveillance colonoscopy. Overall adherence to surveillance
recommendations could have been related to factors such as outreach efforts and ease of
scheduling. KPNC, KPSC, KPWA had, at some medical centers, recall lists for patients
recommended to have a follow-up testing. In the systems we studied, primary care providers
received results of the index colonoscopy and the surveillance interval recommendations.
However, none of the healthcare systems had centralized, systematic surveillance efforts in
place at the time of the study for contacting all patients, which might explain why the overall
percent receiving a colonoscopy was not higher.

Patients 80 years and older at their index colonoscopy were less likely than younger patients
to complete a subsequent colonoscopy. Our study could not examine reasons for not
receiving a subsequent colonoscopy; however, it seems plausible that the association with
age may be related to concerns regarding increased risk of adverse events and decreased
potential benefits with colonoscopy as people age (14). Completion of colonoscopy was also
greater among patients with =3 adenomas compared to 1-2 adenomas with villous/
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tubulovillous features. We did not find evidence of an association between age, race/
ethnicity, or sex and subsequent colonoscopy receipt, with the exception of a slightly higher
percent among Hispanic patients in the combined Kaiser Permanente analysis and lower
percent for Hispanic patients and Non-Hispanic Black patients at KPWA.

Comparison to prior studies

To our knowledge, this is the first multi-system analysis outside of clinical trials of receipt of
subsequent colonoscopy among patients with high-risk findings. Two studies have looked at
receipt of surveillance colonoscopy in randomized controlled trial participants (6, 7). Schoen
et al. examined surveillance colonoscopy use among participants in the PLCO trial (7),
comparing participants with advanced adenoma (=1 cm, villous/tubulovillous histology, or
high grade/severe dysplasia), non-advanced adenomas, and no adenomas. Among the 1,342
participants with advanced adenomas, 30.7% received a surveillance colonoscopy within 3
years compared to 19.5% of the 117 patients with >3 non-advanced adenoma (N=117). As in
our study, there was a substantial uptick in colonoscopy between 3 and 4 years: by 4 years,
50.2% of advanced adenoma patients in the Schoen et al. study had received a subsequent
colonoscopy. Advanced adenoma patients who were younger (55-69 years) and had a first-
degree family history of CRC were more likely to undergo surveillance with 7 years than
those who were older (70-74 years) or had no family history.

Laiyemo et al. studied surveillance colonoscopy in Polyp Prevention Trial (PPT) participants
who completed the trial and had an end-of-trial colonoscopy (6). Approximately one third
(36.3%) of participants with high-risk adenomas (=3, =1 cm, villous histology, severe or
high-grade dysplasia) at the end of the trial had a colonoscopy within 3 years, with the
percent increasing to 69.2% in 6 years.

Several studies using Medicare data have looked at colonoscopy following polypectomy (2—
4). Cooper et al. examined receipt of colonoscopy within 1, 3, and 5 years of an index
colonoscopy with any polypectomy (all polyp types) in 2001-2004 among Medicare
beneficiaries aged =70 (3). One quarter received a colonoscopy within 3 years. Factors
associated with not receiving subsequent colonoscopy within 5 years in a multivariable
model included female sex, older age, and later index procedure years. Black race, higher
risk of CRC, receipt of prior colonoscopy, and people in southern regions of the US were
more likely to receive subsequent colonoscopy. They did not observe associations with
comorbidity, income, education, or physician specialty. In another study of Medicare
beneficiaries (aged =65) with polypectomy in 1994, Amonaker et a/. found that
approximately one-half underwent colonoscopy within 3 years; rates were significantly
higher among men than women and in younger than older patients (2). Lansdorp-Vogelaar
studied surveillance (primarily colonoscopy, though they did not have indication) among
Medicare beneficiaries aged =66 years who had a colonoscopy with polypectomy in 1998-
1999, 2000-2001, or 2002-2003 (4). The percentage receiving a subsequent colonoscopy
within 3 years ranged from 20% (2002—-2003 cohort) to 31.5% (1998-1999 cohort). By 5
years, 58% and 45% of the 2002-2003 and 1998-1999 cohorts, respectively, had undergone
colonoscopy. Female sex, older age, comorbidity, and later years of index exam were
associated with not completing a colonoscopy within 5 years. Race and rural/urban status
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were not associated with colonoscopy receipt. A key limitation of studies with Medicare
data is the lack of information on the characteristics of polyps (i.e., histology, number, size),
and thus could not assess whether the surveillance intervals were concordant with guideline-
recommendations. The study populations likely included patients with low risk adenoma or
even no adenoma for whom a 3-year or 5-year surveillance interval may not been
appropriate.

A Veterans Health Administration study reported on receipt of colonoscopy following high-
risk findings (N=128), which were defined as =3 adenomas or at least one adenoma =10 mm
or with high-grade dysplasia (5). Villous features were not included in the definition of high-
risk adenomas. The authors reported that within 4 years and 2 months of the index
colonoscopy, more than half (54.1%) of the cohort had yet to undergo a subsequent
colonoscopy. None of the factors they examined was associated with underuse of
colonoscopy.

Several small, single-institution studies have looked at predictors of surveillance
colonoscopy (15, 16). In one of these, Murphy et al. examined risk factors for underuse of
surveillance colonoscopy, conducting telephone surveys with 100 people with a prior
adenoma (not necessarily an advanced adenoma) who did not complete their surveillance
colonoscopy and 104 patients who did (16). The study, which was not limited to 3-year
surveillance exams, found perceived barriers (e.g., cost, insurance coverage) and social
deprivation were associated with lower completion of colonoscopy, whereas cancer worry
and perceived benefits were associated with higher colonoscopy completion. Comorbidity
was not related to receipt of surveillance colonoscopy. Braschi et a/. studied 103 patients
with either 1 advanced adenoma, cancer, or >3 adenomas of any type (15); only 21%
received a colonoscopy within 3 years, and this was not related to patient sex, race/ethnicity
or insurance status. However, patients who had at least one primary care provider visit
within a year of their surveillance due date were more likely to receive a colonoscopy.

Study strengths and limitations

A major strength of our study was the availability of pathology data that enabled us to
identify a population of patients with advanced adenomas at the index colonoscopy. Thus,
we could restrict our analysis to patients known to be due for surveillance colonoscopy
within 3 years. Another strength of our study was the large sample size and diversity of
patient populations and healthcare systems we studied.

However, our study had some limitations. Not all patients with high-risk findings were
included because data on adenoma size, high-grade dysplasia, and presence of sessile
serrated polyps were not available at all sites and because the NLP algorithm used to identify
KPWA patients with =3 adenomas had only moderate sensitivity. Findings from KPWA did
not suggest major differences in colonoscopy rates in patients with large adenoma, <3
adenoma total, and no villous/tubulovillous histology compared to patients included in the
main analysis. We were also unable to study patients with serrated polyposis syndrome, for
whom guidelines recommend a 1-year surveillance interval. It is worth noting that site-
specific Kaplan-Meier curves appear to show accelerated colonoscopy rates between 12 and
18 months post-index, suggesting that our sample either included some patients due for
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follow-up at 1-year or who returned for symptom evaluation. Given that the percentage
receiving a colonoscopy did not plateau between 3.5 to 4.0 years, it would be valuable to
understand colonoscopy receipt over a longer follow-up period.

There may be some patients who, for clinical reasons, such as comorbidity were
recommended 70t to undergo a subsequent colonoscopy despite having advanced adenomas
on their index colonoscopy. Thus, not returning a colonoscopy within 3.5 years may have
been clinically appropriate for a small percentage of cases. Our data did not permit us to
evaluate this question.

We did not have data on colonoscopy indication, so it is possible that some of the
colonoscopies we observed were for diagnostic purpose (i.e., symptom evaluation) rather
than routine surveillance. This limits our ability to assess whether patients came back for
colonoscopy “too early” since evaluation of symptoms via colonoscopy may be clinically
appropriate. However, missing data on indication does not limit our ability the determine the
extent to which patients remained in need of surveillance after the recommended interval, as
any subsequent colonoscopy — regardless of indication — may “count” for the purpose of
compliance with surveillance guideline.

Finally, although our study was large and population-based, it is important to note that
patients were from integrated healthcare delivery systems. Thus, the findings from this study
may not generalize to other settings and to patients not affiliated with a healthcare system.
Furthermore, we did not have a large enough sample at Parkland to examine factors in a
multivariable model. Of note, almost all patients from Parkland in this analysis were
classified as having =3 adenoma without villous features likely due to differences in how
polyps were processed and interpreted.

The fact that a large proportion of patients with >3 adenomas or any adenoma with villous/
tubulovillous features did not receive a subsequent colonoscopy within 3.5 years — even in
healthcare systems with some procedures to support colonoscopy surveillance after high-risk
adenomas — suggests a need for additional evidence-based interventions to improve
adherence to surveillance guidelines. Though we did not observe many associations between
patient characteristics and receipt of subsequent colonoscopy, we recommend that future
studies assessing the effectiveness of interventions to increase surveillance colonoscopy
utilization evaluate intervention effectiveness in patient subgroups to try to ensure benefits
and harms are equitable and health disparities are minimized.

Supplementary Material
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PROSPR Cohort (3,258,625)

Enrolled in health system in 2010 (2,494,381)

Colonoscopy in 2010 (152,665)

Sample(s) sent to pathology (74,410)

Pathology results obtained (74,268)

At least 1 adenoma found (48,388)

High risk adenoma(s) found (8,600)

At least 6 months of follow-up (8,267)

No CRC within 6 months of index (7,621)

No colonoscopy within 6 months of index
(6,909)

Figurel.

Page 13

Study Population: PROSPR colorectal cohort members with an index colonoscopy with
high-risk findings in 2010
CRC = colorectal cancer; PROSPR = Population-based Research Optimizing Screening
through Personalized Regimens
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Figure2.

Time from index colonoscopy to subsequent colonoscopy, by healthcare system
Abbreviations: KPNC = Kaiser Permanente Northern California; KPSC = Kaiser
Permanente Southern California; KPWA = Kaiser Permanente Washington; Parkland =
Parkland Health & Hospital System
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Figure 3A.
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Figure 3B.
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Figure 3:
Time from index colonoscopy to subsequent colonoscopy by (A) index colonoscopy findings

and (B) age at index colonoscopy at Kaiser Permanente Northern California, Southern
California, and Washington
Note: villous = villous or tubulovillous features
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Characteristics of patients with a high-risk finding on a colonoscopy in 2010 at Kaiser Permanente Northern

California, Southern California, Washington and Parkland Health and Hospital System (N=6909).

Characteristic n %
Healthcare system
Kaiser Permanente Northern California 3387 49.0
Kaiser Permanente Southern California 3010 43.6
Kaiser Permanente Washington 401 5.8
Parkland Health and Hospital System 111 16
Index colonoscopy findings
1-2 adenomas with 21 villous/tubulovillous adenoma 4189  60.6
>3 adenomas, no villous/tubulovillous adenomas 2137 30.9
23 adenomas with =1 villous/tubulovillous adenoma 583 8.4
Sex
Male 4122 59.7
Female 2787 40.3
Age at index colonoscopy (years)
50-54 1190 17.2
55-59 1172 17.0
60-64 1337 194
65-69 1211 175
70-74 1049 15.2
75-79 605 8.8
80-89 345 5.0
Race/ethnicity
Non-Hispanic white 4064 60.6
Non-Hispanic black 725 10.8
Non-Hispanic Asian 640 9.5
American Indian / Alaska Native 14 02
Pacific Islander 24 04
Other 3 00
Multiple 77 11
Hispanic 1163 17.3
Missing 199
Insurance (2010)
Medicaid 72 10
Medicare 3295 4717
Commercial/private 3463 50.1
Other governmental 7 01
Uninsured 72 10
Charlson comorbidity index score (2010)‘9
0 3070 46.9
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Characteristic n %
1 1306 20.0
2 828 126
3+ 1342 205
Missing 363

a2010 for Kaiser Permanente patients; for one year following PROSPR cohort entry in 2010 for Parkland patients.
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Cumulative incidence of colonoscopy between 6 months and 3.5 years after index colonoscopy with high-risk
findings, by healthcare system and index colonoscopy findings

Per cent who received subsequent colonoscopy (95%

Healthcare system  Index colonoscopy findings confidence interval)

KPNC 1-2 adenomas with =1 villous/tubulovillous adenoma 45.7 (43.3, 48.3)
=3 adenomas, no villous/tubulovillous adenomas 50.4 (46.7, 54.2)
>3 adenomas with =1 villous/tubulovillous adenoma 56.3 (50.1, 62.6)
All 48.1 (46.1,50.1)

KPSC 1-2 adenomas with =1 villous/tubulovillous adenoma 43.8 (41.2, 46.5)
>3 adenomas, no villous/tubulovillous adenomas 51.7 (47.9, 55.5)
>3 adenomas with =1 villous/tubulovillous adenoma 54.5 (47.8, 61.6)
All 47.0 (45.0, 49.1)

KPWA 1-2 adenomas with =1 villous/tubulovillous adenoma 61.2 (53.7, 68.7)
>3 adenomas, no villous/tubulovillous adenomas 57.9 (48.8,67.2)
=3 adenomas with =1 villous/tubulovillous adenoma 49.3(25.1,79.7)
All 59.5 (53.8, 65.2)

Parkland 1-2 adenomas with =1 villous/tubulovillous adenoma 46.7 (13.7,93.2)

>3 adenomas, no villous/tubulovillous adenomas
>3 adenomas with =1 villous/tubulovillous adenoma
All

16.8 (10.4, 26.3)

18.3 (11.7, 27.8)

Abbreviations: KPNC = Kaiser Permanente Northern California; KPSC = Kaiser Permanente Southern California; KPWA = Kaiser Permanente
Washington; Parkland = Parkland Health & Hospital System
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Association between healthcare system, patient characteristics, and receipt of colonoscopy 6 months to 3.5
years after high-risk findings, Kaiser Permanente Northern California, Southern California, and Washington

Per centage with subsequent

colonoscopy Oddsratio  95% confidenceinterval
Index colonoscopy findings
1-2 adenomas with =1 villous/tubulovillous adenoma  45.7 (44.0, 47.5) 1.00 Reference
>3 adenomas, no villous/tubulovillous adenomas 51.4 (48.9, 54.0) 1.29 (1.16, 1.44)
>3 adenomas with =1 villous/tubulovillous adenoma  55.3 (50.8, 60.0) 143 (1.19,1.71)
Health system
KPNC 48.1 (46.1, 50.1) 1.00 Reference
KPSC 47.0 (45.0, 49.1) 0.89 (0.80, 0.99)
KPWA 59.5 (53.8, 65.2) 1.41 (1.14, 1.74)
Age at index colonoscopy (years)
50-54 45.9 (42.6, 49.4) 1.00 Reference
55-59 435 (40.1, 47.1) 0.93 (0.78,1.11)
60-64 53.1 (49.8, 56.4) 1.27 (1.08, 1.49)
65-69 545 (51.2, 57.8) 158 (1.25, 2.00)
70-74 51.2 (47.8, 54.6) 1.28 (1.00, 1.63)
75-79 45.6 (41.3, 50.1) 1.08 (0.82, 1.41)
80-89 24.2 (19.4, 29.9) 0.36 (0.26, 0.50)
Sex
Male 48.5 (46.7, 50.3) 1.00 Reference
Female 47.9 (45.8, 50.2) 1.02 (0.92,1.13)
Race/ethnicity
Non-Hispanic White 47.4 (45.7, 49.3) 1.00 Reference
Non-Hispanic Black 50.3 (45.9, 54.8) 1.17 (0.99, 1.39)
Non-Hispanic Asian 51.2 (46.7, 55.9) 111 (0.94,1.32)
Hispanic 49.3 (46.0, 52.8) 1.16 (1.01, 1.34)
Other? 49.4 (39.8, 60.0) 0.87 (0.61, 1.26)
Missing 39.6 (31.4, 49.0) 0.46 (0.34, 0.63)
Insurance
Medicare 48.7 (46.8, 50.7) 1.00 Reference
Commercial/private 48.0 (46.1, 50.1) 1.06 (0.87,1.28)
Medicaid and other governmental 39.1 (25.6, 56.6) 1.20 (0.60, 2.39)
Charlson comorbidity index score
0 47.6 (45.5, 49.7) 1.00 Reference
1 48.8 (45.7, 52.0) 1.12 (0.98, 1.28)
2 49.0 (45.1, 53.1) 1.04 (0.89, 1.22)
3+ 47.1 (44.0,50.3) 1.04 (0.90, 1.20)
Unknown 55.9 (48.4, 63.8) 1.76 (1.37, 2.26)

a . . . . - .
Other includes: American Indian / Alaska Native, Pacific Islander, and multiple races
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Abbreviations: KPNC = Kaiser Permanente Northern California; KPSC = Kaiser Permanente Southern California; KPWA = Kaiser Permanente
Washington
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