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Abstract
Background and Aims—The recommended timing of surveillance colonoscopy for individuals
with adenomatous polyps is based on adenoma histology, size, and number. The burden and cost of
surveillance colonoscopy are significant. The aim of this study was to examine the utilization of
surveillance colonoscopy on a community wide basis.

Methods—We retrospectively queried participants in the Prostate, Lung, Colorectal, and Ovarian
Cancer screening trial in nine U.S. communities about use of surveillance colonoscopy. Subjects
whose initial colonoscopy demonstrated advanced adenoma (AA), non-advanced adenoma (NAA),
or non-adenomatous findings (NA) were included. Colonoscopy exams were confirmed by reviewing
colonoscopy reports.

Results—Of 3,876 subjects selected for inquiry, 3,627 (93.6%) responded. The cumulative
probability of a surveillance colonoscopy within 5 years was 58.4% (N=1342) in the AA group,
57.5% in those with ≥3 NAA (N=117), 46.7% in those with 1-2 NAA (N=905), and 26.5% (N=1263)
in subjects without an adenoma. Within 7 years, 33.2% of subjects with advanced adenoma received
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≥ 2 surveillance exams versus 26.9% for those with ≥3 NAA, 18.2% for those with 1 or 2 NAA, and
10.4% for those with non-adenomatous findings. Incomplete colonoscopy, family history of
colorectal cancer, or interval adenomatous findings could explain only a minority of surveillance
colonoscopy in low risk subjects.

Conclusions—In community practice there is substantial over utilization of surveillance
colonoscopy among low risk subjects and under utilization among subjects with advanced adenoma.
Interventions to better align surveillance colonoscopy use with risk for advanced lesions is needed.

Introduction
Colorectal cancer screening is widely endorsed and encouraged (1-3), because identification
and removal of adenomatous polyps can reduce the subsequent incidence of and mortality from
colorectal cancer (4,5). Because of the risk of development of recurrent or metachronous
adenomas and interval cancer, monitoring with surveillance colonoscopy is recommended,
especially for subjects with a history of adenomatous polyps. The burden of surveillance
colonoscopy is substantial, estimated to be responsible for about ¼ of the colonoscopies
performed annually, and is among the most commonly cited indications for colonoscopy (6).

Increasing the rate of colorectal cancer screening with resultant adenoma detection will further
stimulate the need for surveillance colonoscopy, and promises to further strain the capacity to
deliver colonoscopy services (7,8).

Surveillance guidelines have emphasized risk stratification, with surveillance at 3 years for
subjects with an advanced adenoma or ≥ 3 adenomas, and less frequent surveillance among
subjects with non-advanced adenoma (recommended every 5 – 10 years) or no adenomas
(recommended every 10 years) (9). Surveys of surgeons, gastroenterologists, and primary care
physicians suggest that physicians endorse surveillance colonoscopy at more frequent intervals
than guidelines recommend (10,11). No studies have measured the actual use of surveillance
colonoscopy on a community wide basis nor have they examined how surveillance is being
employed in relation to prior histologic findings.

We evaluated surveillance colonoscopy use in a sample of subjects enrolled in the Prostate,
Lung, Colorectal, and Ovarian (PLCO) cancer screening trial, an ongoing randomized,
controlled, community-based study of cancer screening which includes flexible
sigmoidoscopy. The trial provided sigmoidoscopy screening at centralized screening centers.
Individuals were referred to their primary care physician for the decision regarding follow up
diagnostic testing such as colonoscopy for polypoid abnormalities found on screening flexible
sigmoidoscopy (12). After the baseline diagnostic colonoscopy, subsequent surveillance
colonoscopy was managed and performed by local medical providers and was not performed
or arranged by trial investigators.

To evaluate the utilization of surveillance colonoscopy, we telephoned and interviewed a
selection of PLCO subjects in nine regional study centers about surveillance colonoscopy
utilization. Individuals whose baseline colonoscopy demonstrated advanced adenoma, non-
advanced adenoma, or non-adenomatous findings were included. Colonoscopy use was
confirmed by obtaining corroborating colonoscopy reports. The yield of surveillance
colonoscopy in this cohort has been reported (13). Here, we examine the utilization of
colonoscopy in relation to prior histologic findings.

Methods
Sponsored by the National Cancer Institute, the details of the design, conduct, and recruitment
into the PLCO trial have been reported (14). In the initial trial design, 60 cm flexible
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sigmoidoscopy was performed in the intervention group at baseline and again 3 years later.
Subjects randomized after 1998 received their second examination 5 years later.
Randomization began in November 1993 and was completed in July 2001, with nearly 155,000
people aged 55 to 74 enrolled. Participants were recruited into PLCO through mass mailings.
Among the eligibility criteria were: 1) age 55-74; 2) not currently undergoing treatment for
cancer except basal cell or squamous cell skin cancer; 3) no known prior cancer of the colon,
rectum, prostate, lung, or ovaries; 4) no surgical removal of the colon, one lung, ovary (prior
to October 1996) or prostate; 5) and no colonoscopy, sigmoidoscopy, or barium enema in the
past three years (for individuals randomized after April 1995). The ten PLCO centers are
located in: Washington, D.C.; Detroit, MI; Salt Lake City, UT; Denver, CO; Honolulu, HI;
Minneapolis, MN; Marshfield WI; Pittsburgh, PA; St. Louis, MO and Birmingham, AL.
Screening centers obtained written informed consent from each participant and the institutional
review board approved the PLCO protocol at each center.

Participant Outcome and Follow Up
Subjects enrolled in this study of colonoscopy utilization come from the PLCO trial. Included
subjects had a polypoid abnormality on the initial screening flexible sigmoidoscopy and follow-
up diagnostic colonoscopy within 18 months, and were classified based on the histologic results
of their diagnostic colonoscopy into 3 groups: 1) advanced adenoma, 2) non-advanced
adenoma, and 3) non-adenoma. To insure at least 5 years of follow-up since the initial
colonoscopy, PLCO subjects randomized prior to Jan 1, 2000 were eligible. Subjects in
Alabama were excluded due to the small number of subjects randomized before January 2000.
Eligible subjects were randomly sampled for inclusion with sampling frequencies determined
by baseline group and subjects’ year 3 or year 5 flexible sigmoidoscopy (FSG) screening status.
Subjects who did not return for the year 3 or 5 screen, as well as subjects with advanced
adenomas at baseline colonoscopy, were over-sampled because these individuals were of
special interest in evaluating surveillance colonoscopy use and outcome. Sampling weights
were as follows: 50% and 100% for the advanced adenoma group with and without year 3 or
5 FSG respectively, 30% and 50% for the non-advanced adenoma group with and without year
3 or 5 FSG, and 20% and 75% for the non-adenoma group with and without year 3 or 5 FSG,
respectively.

Subjects were alerted by letter about an impending phone interview on colonoscopy use and
were contacted between March 2005 and June 2006. To enhance accurate reporting, the
differences between colonoscopy and sigmoidoscopy were reviewed at the beginning of the
phone interview. Participants were reminded of the name of the physician who performed and
the date of occurrence of colonoscopy known to PLCO staff (the diagnostic colonoscopy
occurring after the abnormal FSG screen) and then queried about subsequent procedures.
Participants were asked to estimate the date and identify the provider of subsequent procedures.
When a colonoscopy was reported, the screening center collected the corroborating
colonoscopy report and abstracted it in a standardized fashion. Advanced adenomas were
defined as size ≥ 1 cm, presence of tubulovillous or villous histology, or presence of severe or
high grade dysplasia. Preparation quality was obtained by the abstractors from the colonoscopy
reports and recorded as inadequate, adequate or not available.

To estimate co-morbidity among participants we calculated a modified co-morbidity index
(15) using data from a medical questionnaire administered at randomization and from a
supplemental questionnaire obtained between April 2006 and May 2007. The index was
modified in that we could not ascertain the status of the following health variables: dementia,
AIDS, renal failure, history of peptic ulcer disease, congestive heart failure, and peripheral
vascular disease.
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As a means of verifying the reported absence of colonoscopy, we contacted the primary care
physician and when appropriate, the specialist physician, of a separate group of 99 PLCO trial
subjects who were interviewed and who indicated they did not undergo colonoscopy, to
determine whether records existed documenting a colonoscopy procedure. These included 53
subjects who had a initial screening flexible sigmoidoscopy negative for abnormalities, 37
subjects who were non compliant and did not appear for their initial screening sigmoidoscopy,
and 9 subjects who had an abnormal FSG with subsequent colonoscopy, but who reported no
subsequent surveillance colonoscopy exam.

Statistical Analysis
A Kaplan-Meier analysis was performed to estimate the probability of getting a colonoscopy
within each of the groups. Time was measured from the date of the diagnostic colonoscopy.
To obtain a conservative estimate of surveillance use and to account for subjects brought back
early for clinical concerns, repeat colonoscopy exams performed within 6 months of the
baseline exam were considered part of the baseline exam and histologic findings from those
exams were included with the baseline results. Subjects were censored if they underwent a year
3 or year 5 FSG screen which was abnormal for polypoid findings and colonoscopy which
followed an abnormal year 3 or 5 screen was not included. The Kaplan-Meier analysis was
performed using weights that were inversely proportional to the sampling frequencies.

Logistic regression was used to estimate risk factors for failing to receive colonoscopy among
subjects with advanced adenoma and for subjects without an adenoma receiving multiple
colonoscopy exams.

Role of the Funding Source
The funding source did not influence the conduct or reporting of the results.

Results
Of 3876 subjects selected for inquiry, 3,627 (93.6%) responded. Non response was primarily
due to death (N=125, 3.2%) and inability to contact or refusal to participate (N=124, 3.2%).
The characteristics of the included population are presented in Table 1 and are reflective of the
overall PLCO population (12). Sixty percent were men, 93.1% were white and the majority
had some college or a college degree (68.6%). Based on the most advanced lesion at diagnostic
colonoscopy after screening FSG, 1342 subjects had advanced adenoma (AA), 1022 had non-
advanced adenoma (NAA) (N=117 with ≥3 NAA and N=905 with 1-2 NAA), and 1263 had
non adenomatous findings (NA). Subjects were followed for a median of 8.9 years (range 5.4
– 12.0).

The cumulative probability of a surveillance colonoscopy (Table 2) within 5 years was 58.4%
in the advanced adenoma group, 57.5% in those with ≥3 non-advanced adenomas, 46.7% in
those with 1-2 non-advanced adenoma, and 26.5% in subjects with no adenoma (p<0.0001 for
AA or ≥3 NAA vs. 1-2 NAA or NA, and for 1-2 NAA vs. NA). A Kaplan-Meier probability
curve of utilization is presented in Figure 1.

Some subjects received more than one surveillance colonoscopy. In Table 3 the number and
weighted percent of colonoscopy exams within 7 years, among subjects with ≥ 7 years of
follow-up (N=3052) is charted. Within 7 years, 33.2% of subjects with advanced adenoma
received ≥ 2 surveillance exams versus 26.9% for those with ≥3 NAA, 18.2% for those with
1 or 2 NAA, and 10.4% for those with non-adenomatous findings. All pair wise comparisons
were significant at a p≤0.0001 except for AA vs. ≥3 NAA (p=0.2) and ≥3 NAA vs. 1 or 2 NAA
(p=.02).
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Among subjects with advanced adenoma, 27.3% did not undergo surveillance colonoscopy
within 7 years (Table 3). To evaluate the effect of co-morbid illness on underutilization of
surveillance among subjects with advanced adenoma or ≥ 3 non-advanced adenomas we
calculated a modified co-morbidity index score. Of 896 with surveillance, 791 (88.3%) had an
index of 0 or 1, and 105 (11.7%) had a score ≥2, whereas of 293 without surveillance, 247
(84.3%) had an index of 0 or 1, and 46 (15.7%) had a score ≥2, (p=.08). If we restricted the
sample of advanced adenoma subjects to those under age 70 with a co-morbidity index of 0 or
1, the results were similar, with 25.4% not having surveillance.

In a logistic regression model to assess the lack of surveillance after 7 years in subjects with
advanced adenoma (N=1079) that included age, gender, family history of colorectal cancer
(CRC), time of enrollment in the trial, education, inadequate preparation/incomplete
colonoscopy, and comorbidity, the factors associated with lack of surveillance were age, earlier
enrollment, and family history. Subjects 70-74 at time of entry into the trial were more likely
to not undergo a surveillance exam as compared to those 55-69 (OR=1.5, 95% CI 1.0-2.2,
p=0.03). After 7 years, 35.6% in the 70-74 year old age group as compared to 26.1% in the
55-69 year group did not receive surveillance. Subjects without a family history of CRC in a
first degree relative were also more likely to not have surveillance (26.3% vs. 15.5% of those
with a family history) (OR=2.2, 95% CI 1.4-3.6 (p<.001)), as were subjects enrolled earlier in
the trial (subjects slated for year 3 as opposed to year 5 repeat screening) (OR=1.4, 95% CI
1.0-1.8 (p=.04)).

The utilization of 1st and 2nd surveillance exams among subjects with ≥7 years of follow-up
with 1 or 2 non advanced adenomas or no adenomas at baseline colonoscopy is presented in
Figure 2A-B. The median time in years (25th and 75th percentile) from the baseline to the first
surveillance and from the first to the second surveillance is presented on the bottom of each
panel. In the far right of the figures, results of surveillance in “pure” subgroups, in subjects
with no family history of CRC, complete colonoscopy with adequate preparation at baseline
and at 1st surveillance, without symptoms, and with no adenoma diagnosed at the 1st

surveillance exam are presented.

Figure 2A describes subjects with 1-2 non-advanced adenomas at baseline. Only 4.3% of the
69.7% who underwent a 1st surveillance exam did so for symptoms. Among the 394 (70.6%)
whose 1st surveillance exam showed no adenoma, 203/394 (51.5%) had a second surveillance
exam, only 18 of which (8.9%) were performed for symptoms. The median time for the 2nd

surveillance exam in these asymptomatic subjects, after 1 or 2 non-advanced adenomas at
baseline and no adenoma at the 1st surveillance was 3.9 years (Figure 2A). In the subgroup
without family history, symptoms, or incomplete/inadequate preparation, 131/299 (43.8%)
underwent a 2nd surveillance examination at a median of 4.0 years from the 1st surveillance
exam. Utilization of 2nd surveillance in this group was similar to that of all subjects without
an adenoma at the 1st surveillance (185/394, 47.0%).

Of the 1026 subjects with no adenoma at the baseline exam, 597 (58.2%) underwent a first
surveillance within 7 years, only 75 (12.5%) of whom did so for symptoms (Figure 2B). The
1st surveillance exam was performed at a median of 3.9 years from the baseline exam. Among
411 subjects whose 1st surveillance exam again showed no adenoma, 162 had a second
surveillance exam in the absence of symptoms. This second exam was performed at a median
of 3.2 years from the 1st. Of these 162 individuals, 31 (19.1%) had a family history of CRC
and 18 (11.1%) had either an inadequate preparation or an incomplete colonoscopy at the 1st

surveillance, leaving over 69% without an identifiable reason for a repeat surveillance exam.
In the “pure” subgroup without a family history and with complete colonoscopy, 104/294
(35.4%) underwent a 2nd surveillance at a median of 3.3 years from the 1st exam.
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In a logistic model including age, gender, family history of colorectal cancer (CRC), time of
enrollment in the trial, education, inadequate preparation/incomplete colonoscopy examining
risk factors for receiving a 1st surveillance colonoscopy within 7 years among subjects with
no adenoma at baseline and in the absence of symptoms (N=951), only family history was
significantly associated with surveillance (OR=2.0, 95%CI 1.3-2.9, p<.001).

We examined the extent to which incomplete colonoscopy due to lack of cecal visualization
or inadequate preparation at the baseline examination may have contributed to surveillance
utilization among low risk subjects. A total of 574 subjects with either no adenoma at baseline
colonoscopy (N=273) or 1 or 2 non-advanced adenomas at baseline colonoscopy (N=301) had
a 1st surveillance colonoscopy within 4 years, in the absence of symptoms. Among colonoscopy
reports of those with no adenoma, only 8/273 (2.9%) and among those with 1 or 2 NAA, 11/301
(3.7%), indicated lack of cecal visualization at the baseline colonoscopy, and 18/273 (6.6%)
and 16/301 (5.3%) respectively indicated an inadequate preparation at the baseline
colonoscopy.

We examined the extent to which multiple physician examiners may have contributed to
utilization of colonoscopy among low risk subjects. Among 162 asymptomatic subjects (Figure
2B) with no adenoma at baseline nor at the 1st surveillance, with a second surveillance exam,
109/162 (67.3%) had all 3 exams performed by either the same physician, at the same location,
or within the same physician practice and only 8 patients (4.9%) were examined under 3
different circumstances.

Among subjects (N=99) who reported not having a colonoscopy but in whom records were
pursued to see if the subject’s negative report could be contradicted, no report of a colonoscopy
procedure could be recovered in 91 (91.9%).

Indication for colonoscopy performance showed that of the 4853 colonoscopies in 3627
subjects, only 353 (7.3%) were attributed to symptoms, 3936 (81.1%) were performed for
follow up of a previous polyp, 58 (1.2%) for family history, 269 (5.5%) as a consequence of
an interval PLCO screening exam, and 237 (4.8%) for other reasons. Analysis of the results
across the 9 screening centers demonstrated a range of surveillance at 5 years for subjects with
advanced adenoma from 32.6 to 75.6%, and for the non adenoma group from 13.6 to 34.1%.

The yield of surveillance exams in this cohort including adenomatous findings and the detection
of 5 interval cancers has been reported (13).

Discussion
Our results among hundreds of colonoscopy practitioners in 9 regional U.S. areas demonstrate
substantial over utilization of surveillance colonoscopy among low risk subjects without
adenomatous polyps or symptoms and significant under utilization among high risk subjects
with a history of advanced adenoma. We also found evidence of relatively early utilization of
colonoscopy among subjects with 1 or 2 non-advanced adenoma, with 33.6% undergoing
surveillance colonoscopy within 4 years, when guidelines have advised testing in 5 years (2),
and more recently in 5 – 10 years (9).

Among all subjects without an adenoma at the baseline colonoscopy, 26.5% underwent
surveillance colonoscopy within 5 years and 45.1% within 7 years. Among those followed for
≥ 7 years, over 10% underwent two or more surveillance colonoscopies within 7 years. In a
detailed accounting of surveillance colonoscopy use in asymptomatic subjects without an
adenoma at baseline or at 1st surveillance (Figure 2B), in over 69% neither a family history
nor an incomplete colonoscopy could explain the performance of a 2nd surveillance exam, and
in the subgroup without a family history, symptoms or incomplete or inadequate colonoscopy,
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over 35% had a 2nd surveillance at a median of 3.3 years from the 1st. Including the baseline
exam, over 90% of these subjects had 3 colonoscopies within a 9 year period. This level of
utilization contrasts to current guidelines which advise that colonoscopy can be deferred for
10 years after an exam in which no adenoma is detected (9), although only indirect data are
available to support this recommendation (16). These data confirm significant utilization of
surveillance colonoscopy among low risk subjects in relation to guidelines, consistent with
what surveys have suggested (10, 11).

These data are important for studies that model the cost effectiveness of colonoscopy-based
colorectal cancer screening. Surveillance colonoscopy utilization is an important component
of cost, comprising about 25% of all colonoscopy procedures (6), and studies have used
differing, but often idealized intervals when simulating utilization in a screening cohort (17).
To the extent that utilization is more on the order of what is described here, idealized intervals
such as a colonoscopy every 10 years when a colonoscopy exam without an adenoma is not
detected underestimate the real costs of a colonoscopy screening program by underestimating
the use of surveillance procedures when non-adenomatous polyps are found.

In an analysis of factors associated with repeat colonoscopy among subjects without an
adenoma at baseline, only a family history of CRC was significantly associated with utilization.
In the most recent recommendations on surveillance, family history was offered as a factor to
be used in deciding the timing of surveillance between 5 to 10 years for subjects with one or
two small adenomas (9), but not in reference to the interval after a negative exam, except among
those relatively few, high risk subjects with a first degree relative diagnosed before age 60 or
with two first degree relatives affected. Prospective studies on the impact of family history on
surveillance outcome are limited (9) and additional research is needed.

As a possible explanation of early surveillance, incomplete colonoscopy due to lack of cecal
visualization or inadequate preparation was infrequently identified. Similarly, lack of
communication among physicians seemed to be potentially responsible for only a minority of
overutilization. Among a cohort of 162 asymptomatic subjects with no adenoma at baseline or
at 1st surveillance who underwent a 2nd surveillance, in over 67% all 3 exams were performed
by the same physician, by the same practice, or in the same location.

Among subjects with advanced adenoma, under utilization was observed. Subjects with
advanced adenomas are advised to undergo a surveillance exam within 3 years because of their
increased risk for subsequent CRC (18), and the 3 year follow up recommendation has been
in place for many years (19). Only 31% had a surveillance exam within that time frame, and
only 58.4% underwent surveillance within 5 years. Analysis of factors associated with lack of
surveillance in the advanced adenoma group shows that older subjects were less likely to obtain
testing, perhaps reflecting an appropriate attention to co-morbid conditions. We could not
identify however, a significant difference in comorbidity when comparing those with and
without surveillance exams. Individuals with a family history of CRC were 2.2 fold more likely
to have had a surveillance exam, perhaps reflecting participant and patient concern regarding
a possible synergism between family history and the presence of an advanced adenoma.
Nonetheless, it remains unclear why a significant amount of the recommended surveillance in
subjects with advanced adenoma did not occur.

Several strengths of this investigation should be emphasized. The likelihood of our having
obtained relatively complete follow-up information is high, as the timing, results and details
of the baseline colonoscopy were already available. As a result, the primary care physician as
well as the specialty physician who performed the initial colonoscopy were known, and could
help stimulate the patient’s memory to more accurately obtain records. Furthermore, relatively
few instances of medical records documenting colonoscopy were found in subjects who
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reported not undergoing the procedure. Conversely, record retrieval confirmed self reported
colonoscopy and our data rely on documented colonoscopy use. Our estimates of surveillance
colonoscopy use are conservative since we included subjects who underwent interval negative
screening sigmoidoscopy as part of the PLCO trial, and these subjects were, as one would
expect, less likely to undergo surveillance colonoscopy.

Between 1995 and 2005, when the colonoscopy procedures reported upon in this study
occurred, surveillance recommendations varied across professional organizations (19). For
example, the recommended interval for surveillance was unspecified for subjects without an
adenoma. Because of the lack of consensus, implementation of surveillance may have been
more variable, and viewing surveillance through the lens of current guidelines may be skewed.
Attention to appropriate surveillance utilization has increased in recent years (9) and our results
largely predate this attention. Nonetheless, the large sample size and broad geographic
representation do provide substantive insight and raise concern.

It should be recognized that strict adherence to guidelines for surveillance will not necessarily
result in an optimal outcome for individual patients. Recent data show that although
surveillance guidelines do accurately identify subjects at higher risk for recurrence of advanced
adenoma, they are far from perfect (20). Examination of the yield of surveillance colonoscopy
in this cohort demonstrates that risk stratification does identify individuals at higher and lower
risk for recurrence (13). Other cohorts show a similar pattern of over and underutilization of
surveillance, with risk of advanced adenoma recurrence corresponding to baseline adenoma
status (21). Overall, the data suggest that resource consumption can be better managed by
aligning use with risk of recurrence.

Limitations should also be acknowledged. To determine whether co-morbid conditions were
responsible for under utilization among subjects with advanced adenoma, we had to rely in
part on assessments from the time of randomization, which preceded the timing of surveillance
by a number of years. Furthermore, we could not collect all the health variables that comprise
the co-morbidity index, and thus may be underestimating co-morbidity in our subjects.
However, missing health outcomes are unlikely to be present in our healthy cohort (22). Some
of the over utilization in the group without adenomas may have come from entry into the
screening process via flexible sigmoidoscopy. Uncertainty and doubt may have ensued from
an initial sigmoidoscopy which detected an abnormality, followed by a colonoscopy which
found no polyp, stimulating physicians to order surveillance exams earlier than they might
ordinarily have. However, within the no adenoma group, utilization was similar between
subjects who had a finding, albeit a non adenomatous finding such as hyperplastic polyps
(N=1030), and those who had no polyps (N=233). Furthermore, colonoscopy procedures were
predominately for surveillance not for symptoms, and clinical circumstances such as
incomplete colonoscopy or family history did not account for much of the utilization. We could
not account for early surveillance due to incomplete polypectomy or concerns about the
adequacy of polypectomy. However, we aggregated initial colonoscopy procedures occurring
within 6 months to account for early surveillance to monitor polypectomy sites, and most of
the observed surveillance, as documented in table 2, occurred in later years. While some of the
variability in implementation of surveillance may be attributable to different physician
approaches to the potential yield and risk associated with delaying interval examinations, a
broad over utilization of surveillance in low risk subjects in all geographic regions was
demonstrated. Similar observations have been seen among subjects participating in adenoma
prevention trials, where a 10-30% incidence of an extra colonoscopy or sigmoidoscopy above
the already frequent testing mandated by participation in the clinical trial occurred (19). Finally,
the subjects enrolled were volunteers in a clinical trial who may be more health conscious and
thus desirous and demanding of more frequent surveillance.
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In conclusion, in community practice of surveillance colonoscopy there is substantial over
utilization of surveillance colonoscopy among subjects without adenomas or with low risk
adenomas, and under utilization among subjects with advanced adenoma. Interventions to
better align surveillance colonoscopy use with risk for advanced lesions is needed (13,23).
Further research to enhance the evidence base supporting current surveillance
recommendations and further efforts to encourage adherence with guidelines should be
pursued.
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Figure 1.
Kaplan-Meier probability curve for surveillance colonoscopy use by year from baseline
diagnostic colonoscopy for subjects with Advanced Adenoma (Solid Line), ≥3 Non-advanced
Adenoma (dotted line), 1-2 Non-advanced Adenoma (dashed line), and no adenoma (thin line).
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Figure 2. Surveillance Colonoscopy Use by Baseline Histologic Status
CRC = Colorectal Cancer, AA= advanced adenoma, NAA=non-advanced adenoma, NA= no
adenoma. The pathways on the far right demonstrate utilization in the subgroup without a
family history of CRC, with complete, adequate colonoscopy, and without symptoms.
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Table 1

Characteristics of Study Population (N=3,627)

Characteristics N (%)

Non-Hispanic White 3378 (93.1)

Male 2175 (60.0)

Age (mean) 63.4

Education1

 Less than High School 268 (7.4)

 High School Degree 863 (23.8)

 Some College, Technical School 1213 (33.4)

 College Degree 1274 (35.1)

Family History of Cancer 2 458 (12.6)

Baseline Colonoscopy Result

 Advanced Adenoma 1342 (37.0)

 Non-advanced Adenoma 1022 (28.2)

  ≥3 117 (11.4)

  1-2 905 (88.6)

 Non-adenoma 3 1263 (34.8)

Median Years of Follow-up (range) 8.9 (5.4-12.0)

Baseline Colonoscopy 4 1994-1995 853 (23.5)

           1996-1997 1945 (53.6)

           1998-1999 829 (22.9)

Subsequent PLCO Trial Screening Flexible Sigmoidoscopy

 None 2938 (81.0)

 Year 3 (T3) 328 (9.0)

 Year 5 (T5) 361 (10.0)

1
9 (0.2%) = not available

2
In a first degree relative.

3
Includes subjects with hyperplastic polyp histology (n=717), other non-adenomatous histology (n=49), subjects with polyps of unknown histology

(n=264), and subjects with no polyps on baseline colonoscopy (n=233).

4
Three subjects were tested in 1993 and 9 in 2000.

Gastroenterology. Author manuscript; available in PMC 2011 January 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Schoen et al. Page 15

Table 2

Cumulative Kaplan-Meier Estimates of Probability of Surveillance Colonoscopy

Baseline Colonoscopy Result

Advanced
Adenoma

(AA)
(N=1342)

Non-Advanced Adenoma (NAA) (N=1022) Non-Adenoma (NA) (N=1263)

≥3 NAA (N=117) 1-2 NAA (N=905)

Year %

1 5.3 2.3 1.0 1.0

2 20.3 13.5 7.0 4.2

3 30.7 19.5 15.1 8.8

4 50.2 45.8 33.6 17.3

5* 58.4 57.5 46.7 26.5

6 67.9 67.0 59.2 35.7

7 72.2 74.7 66.6 45.1

8 76.5 77.2 69.8 52.5

9 79.3 81.9 74.2 57.9

*
Pair wise Comparisons at year 5:

AA vs. 1-2 NAA (p <0.0001)

AA vs. NA (p <0.0001)

≥3 NAA vs. NA (p < .0001)

1-2 NAA vs. NA (p < .0001)

≥3 NAA vs. 1-2 NAA (p=0.03)

≥3 NAA vs. AA (p=0.8, NS)
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Table 3

Number of Surveillance Colonoscopy Exams Within the First 7 years of Follow-up1

Baseline Colonoscopy Result

Advanced
Adenoma

(AA)
(N=1079)

Non-Advanced Adenoma
(NAA) (N=947)

Non-Adenoma (NA) (N=1026)

≥ 3 NAA
(N=110)

1-2 NAA (N=837)

Colonoscopy Exams N (weighted %)2

0 268 (27.3) 25 (23.5) 255 (31.9) 429 (52.2)

1 437 (39.5) 54 (49.6) 423 (49.9) 443 (37.3)

2 275 (24.2) 19 (17.2) 136 (15.7) 123 (8.3)

3 70 (6.5) 11 (8.9) 17 (1.9) 19 (1.3)

4 20 (1.7) 1 (0.8) 5 (0.5) 6 (0.6)

≥5 9 (0.7) 0 1 (0.1) 6 (0.4)

Mean (among all
subjects) 3,4

1.18 1.14 0.90 0.62

Mean (among
subjects with ≥ 1
colonoscopy) 4

1.63 1.49 1.32 1.29

1
This only includes subjects with ≥7 years of follow up (N=3052 and excludes subjects with a positive year 3 or year 5 screening flexible

sigmoidoscopy.

2
These percentages are weighted percentages, based on the sampling percentage within each group.

3
All pair wise comparisons are significant at p < 0.001 except for AA compared with ≥3 NAA (p=0.5) and ≥3 NAA compared with 1 or 2 NAA (p=.

004).

4
The mean number of colonoscopies among all subjects is 0.85 and among all subjects with ≥1 colonoscopy is 1.40.
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