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Abstract
Background—The incidence of colorectal cancer following a normal colonoscopy in the
Medicare population is not known.

Methods—A 5% national sample of Medicare enrollees from 1996 to 2005 was used to identify
patients undergoing complete colonoscopy. A colonoscopy not associated with any procedure
(e.g., biopsy, polypectomy or fulguration) was defined as a negative colonoscopy. Patients with
history of inflammatory bowel disease, colorectal cancer or death within 12 months of
colonoscopy were excluded. A multivariable model was constructed to evaluate the factors
associated with a new diagnosis of colorectal cancer in the period from 12 to 120 months
following the negative colonoscopy.

Results—Among 200,857 patients (mean age 74 years, 61% female, 92% White) with a negative
colonoscopy, the incidence of colorectal cancer was 1.8 per 1,000 person-years. The incidence rate
for matched follow-up periods decreased from 2.0/1,000 person-years for patients undergoing
colonoscopy during 1996–2000 to 1.2/1,000 person years during 2001–2005. Multivariate analysis
revealed a significant regional variation in the incidence of colorectal cancer following a negative
colonoscopy. The incidence was higher in patients >85 years, males and patients who underwent a
negative colonoscopy by a non-gastroenterologist or endoscopist in the lowest volume quartile. On
stratified analyses, endoscopist volume was a significant predictor for non-gastroenterologists
only.
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Conclusions—The specialty and experience of the endoscopist are significant predictors of the
incidence rate of colorectal cancer in Medicare patients with a negative colonoscopy.
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Introduction
Colonoscopy is a unique screening tool which not only helps in detection of early stage
cancer but also allows for detection and removal of pre-cancerous lesions, thus lowering the
incidence of colorectal cancer. A sharp increase in its use was noted when Medicare began
providing universal coverage for screening colonoscopy in 2001 for its beneficiaries aged 50
years and above [1–4]. This increase has translated into detection of more early-stage
colorectal cancers [4].

Recently, there has been interest in studying the risk of developing colorectal cancer after a
normal colonoscopy. A population-based study done in Manitoba, Canada, showed a 30–
40% reduction in incidence of colorectal cancer after a negative colonoscopy and the
reduction in risk persisted for more than 10 years [5]. The risk of subsequent colorectal
cancer after a colonoscopy is dependent on patient-, endoscopist- and procedure-related
factors. These factors may vary regionally, leading to variation in the incidence rate of
colorectal cancer after a colonoscopy.

We investigated the incidence of colorectal cancer following a colonoscopy in a 5% random
national sample of the Medicare population. The aims of our study were to describe the
cumulative incidence of colorectal cancer over time in patients who had undergone a
negative colonoscopy and to describe the patient, procedure and endoscopist characteristics
which influence the incidence rate.

Methods
Data Source

We used Medicare claims and enrollment data for the period 1995–2006 to obtain a 5%
random national sample of beneficiaries. Beneficiary demographic characteristics (age,
gender and race), region and zip code of residence, monthly eligibility, Health Maintenance
Organization (HMO) membership and coverage under Parts A (hospital stays) and B
(physician and outpatient facility services) were obtained from the Medicare enrollment file.
Medicare Part A data (MEDPAR File) include inpatient claims with diagnoses and
procedures (coded in ICD-9-CM) for all inpatient stays submitted by acute care facilities.
Medicare Part B data include claims for facility-based outpatient services (Hospital
Outpatient Standard Analytic File) and claims for physician and other medical services
covered under Part B (Physician/Supplier File). Data on education and income were
obtained from the 2000 Census and urban/rural status was categorized using Rural–Urban
Continuum Codes developed by United States Department of Agriculture.

Study Cohort
Patients >66 years who underwent colonoscopy during 1996–2005 were identified from
Medicare claims. For patients with multiple colonoscopies, the first colonoscopy during
1996–2005 was considered the point of entry in the study cohort and was named the index
colonoscopy. A colonoscopy with no associated procedure (e.g., biopsy, polypectomy or
fulguration) was defined as a negative colonoscopy. Patients with a negative colonoscopy
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who were members of both Medicare Parts A and B and without HMO membership in the
12 months prior to the index colonoscopy were included. Excluded were patients with: a
colonoscopy billed as an incomplete procedure; diagnosis of inflammatory bowel disease or
colorectal cancer; colon resection within 3 months of the index colonoscopy; or death or loss
of coverage within 12 months of the index colonoscopy. These criteria were chosen to
exclude patients with conditions associated with increased the risk of colorectal cancer and
to ensure availability of follow-up data in the Medicare files. Patients were also excluded if
a repeat colonoscopy with any procedure (biopsy, polypectomy or fulguration) was
performed within 3 months of the index colonoscopy. The study cohort was followed
starting 12 months after the index colonoscopy until patients were diagnosed with colorectal
cancer, died or the study period ended (31 December 2006). The incidence rate of colorectal
cancer in the study cohort was calculated as the number of colorectal cancers developed
divided by the person-years of follow-up. Colorectal cancers diagnosed during the first year
after a colonoscopy were not included to avoid including colorectal cancers seen during the
colonoscopy. The underlying assumption was that the diagnosis of colorectal cancer in the
Medicare claims data may have been delayed for few months after a colonoscopy even if the
lesion was noted during the colonoscopy.

Predictors
We classified our study cohort by patient, procedure and physician characteristics to
estimate the impact of these factors on the incidence of colorectal cancer after a negative
colonoscopy. Patient characteristics included age, sex, race (classified as White, Black or
other), place of residence (divided into nine major regions of the United States), type of area
of residence (rural, metro or non-metro urban), median income and education levels in zip
code of residence divided into quartiles. The physician performing the colonoscopy was
identified using the Unique Physician Identification Number (UPIN) on the physician claim
for the colonoscopy. Physician factors included specialty of the endoscopist performing the
index colonoscopy (classified as gastroenterologist, surgeon or general physician) and the
volume of colonoscopy procedures performed by the endoscopist during the year prior to the
index colonoscopy. Endoscopists were classified into quartiles based on the volume of
colonoscopies performed on Medicare patients. Procedure-related factors included location
of procedure (hospital, ambulatory surgical center or office). It is difficult to distinguish
between screening and diagnostic colonoscopies in the Medicare database [6]. The percent
of all Medicare colonoscopies with a screening code in 2001 was only 4.6%. This increased
to 12.7% by 2005. In reality, an estimated two-thirds of all colonoscopies are performed for
colorectal cancer screening [7]. Hence, we included colonoscopies billed as either screening
or diagnostic.

Statistical Analysis
Colorectal cancers were identified in the Medicare database using an algorithm which
included a colorectal cancer diagnosis in any position in the patient data file from an
inpatient admission or a colorectal cancer diagnosis plus colorectal cancer surgery,
chemotherapy or radiation procedure in an outpatient clinic or physician office [8]. The
number of colorectal cancers that developed 12–120 months after the index colonoscopy and
the person-years of follow-up by each patient formed the numerator and denominator,
respectively, for estimating the incidence rate of colorectal cancer. Colorectal cancers
proximal to the splenic flexure were classified as right-sided cancers. We separately
estimated the incidence rate for patients undergoing colonoscopy during 1996–2000 and
2001–2005 to study the effect of change in Medicare coverage of screening colonoscopy. To
standardize the follow-up periods for the two groups, the incidence of colorectal cancer
following a negative colonoscopy for patients undergoing colonoscopy during 1996–2000
was calculated until 2001. A Kaplan-Meier curve was plotted to estimate the rate of
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development of colorectal cancer during follow-up. The cumulative incidence of colorectal
cancer was also calculated from the Kaplan–Meier curve. The association between predictor
variables and risk of colorectal cancer was initially evaluated with a log-rank test. A
multivariate Cox proportional hazard model was built to evaluate the impact of each
predictor independently on the incidence of colorectal cancer after a negative colonoscopy.
Variables included in the model were age, race, sex, median zip code income, region, rural/
urban residence, place of service (hospital, office and ambulatory center), specialty of
endoscopist (gastroenterologist, generalist or surgeon or other) and volume of colonoscopies
performed on Medicare patients. Hazard ratios with 95% confidence intervals (CI) were
calculated for each predictor. In general, gastroenterologists undergo training for longer
duration in performing colonoscopy than surgeons and those in other specialties. Hence, we
evaluated the interaction between endoscopist volume and specialty. To study this further,
we performed stratified analysis between endoscopist volume by specialty and incidence
rate of colorectal cancer following a negative colonoscopy. All analyses were performed
using SAS v.9.2 (SAS, Cary, NC).

Results
Table 1 details the characteristics of the 200,857 patients who underwent a negative
colonoscopy during 1996–2005 and met the study inclusion criteria. Median age was 74
years, 61% were female and 92% were classified as White. A majority of colonoscopies
were performed by gastroenterologists (55%) and in hospital-based facilities (62%).

The incidence of colorectal cancer after a negative colonoscopy increased with age and was
higher in males (Table 1). Those residing in the New England region had the highest
incidence and those in the Mountain region had the lowest. The incidence was lower for
gastroenterologists compared to surgeons and general physicians. Endoscopists in the
highest quartile of volume of colonoscopies during the year prior to the index colonoscopy
had the lowest incidence rate.

Figure 1 shows the cumulative incidence of colorectal cancer starting 1 year after a negative
colonoscopy: 0.4% at 3 years, 0.8% at 5 years and 2.3% at 10 years. The overall incidence
rate of colorectal cancer was 1.8/1,000 person-years in the study cohort. Around 39% of
colorectal cancers following a colonoscopy occurred in the right colon compared to 34% in
the left colon; 27% were unspecified. We compared the incidence rate of colorectal cancer
during 5 years following a negative colonoscopy for the period before (1996–2000) and after
(2001–2005) universal Medicare coverage for colonoscopy. The rate of colorectal cancer
was calculated until 2001 for patients undergoing colonoscopy during 1996–2000 to keep
the follow-up period uniform. The incidence rate following a negative colonoscopy
decreased from 2.0/1,000 person-years in patients who underwent a negative colonoscopy
during 1996–2000 to 1.2/1,000 person-years in patients who underwent a negative
colonoscopy during 2001–2005.

We then performed a multivariable analysis to identify characteristics associated
independently with a subsequent diagnosis of colorectal cancer in patients with a negative
colonoscopy (Table 2). Patients >85 years and males were more likely to develop colorectal
cancer. Residents of the Mountain and Central regions had lower rates compared to residents
of the coastal regions. Patients who underwent a negative colonoscopy by endoscopists in
the highest quartile of volume of colonoscopies had the lowest incidence of subsequent
colorectal cancer. In this model, there was a significant interaction (chi-square = 21.32, P <
0.001) between volume and specialty of the endoscopist; therefore, we performed stratified
analysis to study the interaction between specialty and experience of the endoscopist (Table
3). For gastroenterologists, there was no significant association between volume of
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colonoscopies and incidence rate of colorectal cancer (Table 3). The incidence rate of
colorectal cancer following a negative colonoscopy was highest for non-gastroenterologists
in the lowest volume quartile.

Discussion
The incidence rate of colorectal cancer following a negative colonoscopy in our study was
1.8/1,000 person-years. This incidence rate must be interpreted in the light of a few
considerations. First, patients in the study cohort have a variable follow-up period during
which the outcome of interest was measured. For instance, patients who underwent
colonoscopy in 1996 were followed for 9 years, while patients who underwent colonoscopy
in 2001 had 4 years of follow-up. Second, the patients undergoing colonoscopy before and
after universal coverage implementation in 2001 differed in their risk profile. Medicare
reimbursed colonoscopy before 2001 for patients with symptoms or high risk of colorectal
cancer because of family history. Since July 2001, Medicare reimbursed screening
colonoscopy for patients at average risk of developing colorectal cancer [9]. Thus, the
overall incidence rate following a negative colonoscopy is an estimate obtained from two
groups of patients with different risk profiles. We compared the incidence rate in these two
groups using a comparable follow-up period. The incidence among patients undergoing
colonoscopy during 1996–2000 was 2.0/1,000 person-years. The incidence rate (1.2/1,000
person-years) among patients who underwent a negative colonoscopy during 2001–2005
was lower and more representative of the risk of developing colorectal cancer following a
negative colonoscopy in average risk patients.

One important fact to consider in interpreting the incidence rate of colorectal cancer
following a negative colonoscopy is that we did not know the indications of the
colonoscopy. Ideally, the incidence rate of colorectal cancer following a negative
colonoscopy should be obtained from patients at average risk who underwent their first
screening colonoscopy. Many patients in our study population could have undergone index
colonoscopy for surveillance for polyps. This can influence the results in either direction.
Because of their tendency to form polyps, these patients may be more likely to develop
polyps in the future, hence more likely to develop cancer. On the other hand, since these
patients underwent a previous colonoscopy with polypectomy, their pre-malignant lesions
have been removed making them less likely to develop colorectal cancer during follow-up.
The distinction between screening and diagnostic colonoscopy also becomes important.
Patients undergoing colonoscopy for symptoms which could indicate cancer would be more
likely to be found to have cancer than asymptomatic patients who undergo screening exam.
To avoid erroneous over-estimation of colorectal cancers from diagnostic colonoscopies, we
calculated the incidence of colorectal cancer starting 1 year after index colonoscopy.

A growing body of literature estimates the risk of colorectal cancer and advanced adenomas
following a negative colonoscopy [5, 10–17]. A population-based study from Canada
followed patients with a negative colonoscopy for 14 years and reported an incidence rate of
colorectal cancer of around 1.1 per 1,000 person-years in patients with a negative
colonoscopy [5]. Another US study of 715 patients who underwent colonoscopy during
1989–1993 and were followed until September 2007 showed an incidence rate of 0.77 per
1,000 person-years. In this study, colorectal cancers found in the initial 2 years after a
colonoscopy were not included [10]. The incidence rate in our study as calculated from
patients undergoing colonoscopy during 2001–2005 (1.2 cancers per 1,000 person-years) is
similar to these studies. The difference in incidence rates could be related to different
follow-up periods used in these studies. This rate is still higher than that reported in some
studies where no colorectal cancers were found during follow-up after a negative
colonoscopy [12–14]. One reason for this difference may be that factors controlled for in
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research studies may not be controlled for in the community setting. In these studies, the
quality of examination as reflected from the high cecal intubation rate may be very good and
their estimates may not be representative of community practice [12, 14]. The other reason
for higher incidence rate of colorectal cancer in our study may be the higher median age of
our study population compared to other studies [5, 12, 13].

Colonoscopy is an operator dependent test. The quality of examination and therefore the
protective effect are directly related to the ability of the endoscopist to closely examine all
portions of the colon. In our study sample, gastroenterologists did the highest number of
colonoscopies, followed by surgeons and then general physicians. Those examined by
gastroenterologists had the lowest rate of subsequent colorectal cancer following a negative
colonoscopy. This is probably because gastroenterologists undergo more dedicated training
in colonoscopy compared to physicians in other specialties in the United States. These
results are similar to those from prior studies which also found a lower incidence of
colorectal cancer in patients who underwent a colonoscopy by a gastroenterologist [18–21].
In our study, we found endoscopist volume of colonoscopies to be an important predictor of
incidence rate of colorectal cancer following a negative colonoscopy for
nongastroenterologists but not for gastroenterologists. This is also probably attributable to
the higher level of training of gastroenterologists in colonoscopy. These results are at
variance with Canadian studies showing no association between volume and incidence rate
of colorectal cancer following a negative colonoscopy [20, 21]. In these studies, the volume
distribution by endoscopist specialty differed from our study cohort as surgeons performed
most of the procedures, making comparison difficult.

One explanation for development of colorectal cancers following a negative colonoscopy
can be technical failure leading to suboptimal examination, either because of poor
preparation, incomplete cecal intubation or failure to detect pre-cancerous lesions between
the folds [18, 22, 23]. These are underlying factors for variation among endoscopists. The
other explanation can be due to biological factors that can lead to rapidly progressive
adenoma–cancer sequence [24]. In our study, we found statistically significant regional
variation in the incidence of colorectal cancer following a negative colonoscopy. We could
not find any specific pattern of variation to explain these results. This variation is likely due
to a combination of patient- and endoscopist-related factors which may vary by region.
More studies are required to confirm these results and to determine the underlying
mechanisms explaining this variation.

Our study has several limitations. First, we used an administrative database and had no
access to the colonoscopy reports. Procedure details (e.g., quality of bowel preparation,
actual findings, withdrawal time) were not available. Second, the administrative database
could not indicate when polyps were not removed because of contra-indications like
anticoagulation. Such a procedure would have been counted as a negative colonoscopy in
our study. Third, the location of colorectal cancer was not known for around 27% of
patients. Hence, we could not study any associations of predictors with incidence of
proximal and distal cancers separately. Finally, the association between experience of
endoscopist and rate of colorectal cancer was based on colonoscopies performed on only
Medicare-covered patients.

In conclusion, the present study shows a significant regional variation in the incidence rate
of colorectal cancer in Medicare patients undergoing a negative colonoscopy and a higher
risk in patients who underwent a colonoscopy by a non-gastroenterologist. The results of our
study confirm those of previous studies which showed the importance of endoscopist
specialty in performance of colonoscopy. This report also shows that experience, as in any
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other procedure, improves outcome and is likely more important for endoscopists who
perform less procedures or undergo less training.
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Fig. 1.
Incidence of colorectal cancer in patients with negative colonoscopy. The cumulative
incidence was 0.4% at 3 years, 0.8% at 5 years and 2.3% at 10 years of follow-up in patients
with negative colonoscopy
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Table 1

Predictors of incidence of colorectal cancer following a colonoscopy

Number (%) % with colorectal cancer during 10 years of follow-up (%) P value

All patients 200,857 2.3

Age (years)

 66–69 57,702 (28.7) 1.9 <0.0001

 70–74 57,929 (28.8) 2.1

 75–79 45,080 (22.5) 2.6

 80–84 26,456 (13.2) 2.6

 >= 85 13,690 (6.8) 2.7

Sex

 Male 78,995 (39.3) 2.6 <0.0001

 Female 121,862 (60.7) 2.0

Race

 White 185,061 (92.1) 2.2 0.642

 Black 11,375 (5.7) 2.5

 Other 4,421 (2.2) 2.5

Zip code education

 Q1 48,332 (24.7) 2.2 0.24

 Q2 48,273 (24.6) 2.2

 Q3 49,302 (25.1) 2.1

 Q4 50,198 (25.6) 2.5

Zip code income

 Q1 50,457 (25.7) 2.2 0.374

 Q2 49,364 (25.2) 2.1

 Q3 47,972 (24.5) 2.3

 Q4 48,285 (24.6) 2.5

Region

 New England 11,094 (5.6) 3.0 <0.0001

 Middle Atlantic 28,820 (14.5) 2.7

 East North Central 37,540 (18.8) 2.4

 West North Central 18,655 (9.4) 2.1

 South Atlantic 43,679 (21.9) 2.2

 East South Central 14,106 (7.0) 1.6

 West South Central 18,949 (9.5) 1.9

 Mountain 10,312 (5.2) 1.5

 Pacific 16,161 (8.1) 2.3

Rural/urban

 Metro 150,663 (75.9) 2.3 0.734

 Non-metro urban 42,073 (21.2) 2.2

 Rural 5,741 (2.9) 2.4

Specialty
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Number (%) % with colorectal cancer during 10 years of follow-up (%) P value

 Gastroenterologist 110,173 (54.8) 1.9 <0.0001

 Generalista 22,827 (11.4) 2.7

 Surgeon 56,563 (28.2) 2.6

 Other/unknownb 11,294 (5.6) 3.1

Place of servicec

 Office 9,672 (5.5) 3.1 0.004

 Hospital 124,001 (70) 2.2

 Ambulatory center 43,451 (24.5) 2.1

Volumed

 Q1 49,905 (26.6) 2.8 <0.0001

 Q2 48,680 (26) 2.1

 Q3 42,705 (22.8) 2.0

 Q4 46,048 (24.6) 1.8

Quartiles: Q1 ≤ 12, Q2 13–22, Q3 23–35, Q4>35. These numbers of colonoscopy procedures for endoscopists in each quartile are based on a 5%
national sample of Medicare patients

a
Generalist includes internal medicine, family medicine, general practice and geriatrics

b
In this category, 51% were unknown, 34.4% were listed as multi-specialty clinic, 2.0% were vascular surgeons, 1.9% was emergency medicine,

and 1.6% was thoracic surgery

c
Data on facility claim was missing for 23,783 patients (11.8%)

d
Volume of colonoscopies during the year prior to the index colonoscopy. Data on UPIN were missing for 13,602 patients (6.8%).
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Table 2

Multivariate analyses of predictors of incidence of colorectal cancer in patients with baseline negative
colonoscopy

Predictor Hazard ratio 95% confidence intervals

Age

 66–69 1.00

 70–74 1.10 0.96 1.27

 75–79 1.43 1.24 1.64

 80–84 1.65 1.41 1.95

 >= 85 1.68 1.35 2.08

Sex

 Male 1.00

 Female 0.78 0.70 0.86

Race

 White 1.00

 Black 1.12 0.90 1.40

 Other 0.88 0.61 1.26

Zip code income

 Q1 1.00

 Q2 0.93 0.80 1.08

 Q3 0.97 0.83 1.13

 Q4 1.04 0.89 1.22

Region

 New England 1.00

 Middle Atlantic 1.00 0.79 1.26

 East North Central 0.91 0.73 1.15

 West North Central 0.74 0.57 0.97

 South Atlantic 0.87 0.69 1.09

 East South Central 0.62 0.46 0.84

 West South Central 0.65 0.49 0.86

 Mountain 0.68 0.49 0.94

 Pacific 0.85 0.65 1.11

Rural/urban

 Metro 1.00

 Non-metro urban 1.09 0.95 1.25

 Rural 1.03 0.75 1.42

Specialty

 Gastroenterologist 1.00

 Generalisa 1.17 1.00 1.37

 Surgeon 1.30 1.15 1.48

 Other/unknownb 1.32 1.09 1.60

Place of service
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Predictor Hazard ratio 95% confidence intervals

 Hospital 1.00

 Office 1.19 0.97 1.46

 Ambulatory center 0.94 0.81 1.10

Volumec

 Q1 1.00

 Q2 0.88 0.77 1.01

 Q3 0.90 0.77 1.05

 Q4 0.83 0.71 0.99

Quartiles: Q1 ≤ 12, Q2 13–22, Q3 23–35, Q4>35

a
Generalist includes internal medicine, family medicine, general practice and geriatrics

b
In this category, 51% were unknown, 34.4% were listed as multi-specialty clinic, 2.0% were vascular surgeons, 1.9% was emergency medicine,

and 1.6% was thoracic surgery

c
Volume of colonoscopies during the year prior to the index colonoscopy.
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Table 3

Stratified analysis showing the interaction between volume of colonoscopies and specialty of endoscopist for
incidence of colorectal cancer following a negative colonoscopy

Volume of colonoscopiesa Non-gastroenterologist Gastroenterologist

Hazard ratio Hazard ratio

Q1 1.00 1.00

Q2 0.78 (0.65–0.95) 1.09 (0.88–1.35)

Q3 0.60 (0.46–0.78) 1.22 (0.98–1.51)

Q4 0.72 (0.56–0.93) 1.04 (0.82–1.33)

Quartiles: Q1 ≤ 12, Q2 13–22, Q3 23–35, Q4>35

a
Volume of colonoscopies during the year prior to the index colonoscopy.
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