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Abstract

Background—Diverticulosis, a prevalent condition at screening colonoscopy, has been
associated with colorectal cancers that develop after a clearing colonoscopy, or interval cancers.

Aims—To quantify the overal risk of diverticulosis in the development of interval cancers and
examine this association in relevant subgroups.

Methods—Using a linked database containing SEER tumor registry data and Medicare claims,
we identified patients aged = 69 years with colorectal cancer who underwent colonoscopy within 6
months of diagnosis. Patients with an additional colonoscopy from 36-6 months prior to cancer
diagnosis were characterized as having interval cancers. We compared characteristics of patients
with interval cancers and detected cancers according to a diagnosis of diverticulosis not associated
with a colonoscopy procedure from 1991 through the date of the most recent colonoscopy in both
univariate and multivariate models.

Results—A previous diagnosis of diverticulosis was documented in 14,452 (26.9%) patients
with detected cancers compared to 2,905 (69.3%) patients with interval cancers (p<0.001); these
results were consistent in multivariable analysis. Moreover, the association was found as well in
the proximal colon (OR 2.88, 95% CI 2.66, 3.12), distal colon (OR 3.56, 95% CI 3.09, 4.11) and
rectum (OR 4.07, 95% CI 3.34, 4.95). The vast majority of diverticulosis diagnoses were without
complications such as hemorrhage or diverticulitis.

Conclusions—Diverticulosis was strongly associated with interval colorectal cancers in all
segments of the colon. Given its known predominance in the left colon, the findings argue against
impaired visualization of lesions at colonoscopy as the only pathogenic factor.
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Introduction

Methods

Although colonoscopy is generally considered to be the most accurate screening modality
currently available, a subset of patients may develop colorectal cancer following a
colonoscopy that was negative for carcinoma. These lesions, termed interval cancers, have
been described in multiple studies from the United States (1-5), Canada (6-11) and
Germany (12). Although the actual frequency of interval cancers depends on specific
defintions that are used, a prevalence of 5-10% has generally been quoted (13).

Specific risk factors for interval cancers have been examined and have included location of
cancer, with higher rates in the proximal colon, endoscopy quality metrics such as adenoma
detection rate, and biological factors, such as CpG island methylator phenonotype (CIMP)
status. In addition, in both Canadian and US based studies, a diagnosis of diverticulosis has
also been found to be a risk factor for interval cancers (4,8,10). Although the underlying
reason for this association is not evident, it has been speculated that the presence of
diverticulosis could impede the endoscopist’s ability to visualize intervening mucosa (10).

In order to better characterize the association of diverticulosis and interval cancer, we
conducted a population-based analysis of an older cohort of patients with interval colorectal
cancers. Our goals were to quantify the overal risk of diverticulosis in the development of
interval cancers and examine this association in relevant subgroups of patients.

Data Sources

The present study is an extension of our previous work on risk factors for interval cancers
(4), with additional analyses to further characterize and quantify the risk of diverticulosis.
We used the linked SEER-Medicare database, which consists of Medicare eligible patients
who are diagnosed with cancer and reside in one of the geographic areas contained in the
SEER registries (14,15). Through the 1990’s, the SEER Program encompassed about 14%
of the US population (SEER 9), but with the addition of several new registries in 2000
(SEER 18), approximately 26% of the population is currently captured.

Among the cancer-related variables that were collected, we included demographic
characteristics, previous cancer diagnoses, date of cancer diagnosis, and data about the
cancer including stage, histology and grade. Medicare claims are contained in three different
files, the Carrier file, which includes provider claims, the Outpatient file, which includes
claims from institutional outpatient providers, and the Medicare Provider Analysis and
Review (MEDPAR) files, which includes all hospitalizations. Each Medicare claim contains
diagnoses coded by the International Classification of Diseases, 9t Revision, Clinical
Modification (ICD-9-CM), and procedures coded according to Common Procedural
Terminology, 4™ Edition (CPT-4) or ICD-9-CM. The Carrier and Outpatient claims also
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include physician specialty code and an encrypted version of the physician’s unique
personal identifier (UPIN), which was used to categorize practitioners according to
specialty.

In addition to patients with a cancer diagnosis, we included the Medicare files from a 5%
random sample of beneficiaries who resided in one of the SEER areas but were cancer-free.
The Medicare files available for this group were identical to those of the cancer cases and
allowed for a more complete measure of physician practice. These files were used to
categorize physicians according to two measures of endoscopist performance — the volume
of colonoscopies in the database as well as the frequency of polypectomy procedures. The
latter measure, which is a representation of the adenoma detection rate (16) was obtained
from the ratio of colonoscopy with polypectomy (codes defined below) divided by the total
number of colonoscopies by that provider in the database and was adapted from previous
studies (17,18).

Patients and Measures

Using the 1994-2005 SEER files, we identified all individuals aged 69 and older with a
diagnosis of colorectal adenocarcinoma from 1994-2005. The inclusion criteria were
provided to ensure three years of Medicare eligibility (i.e, beginning at age 65) and file
availability prior to diagnosis. Patients were excluded if they were enrolled in a Medicare
sponsored managed care plan or not enrolled in Medicare Parts A and B from three years
prior to diagnosis because of the likely presence of incomplete claims. Patients with a
previous diagnosis of cancer at any site according to SEER were also excluded, as were
patients with the only colonoscopy procedure coded as incomplete. We also excluded all
patients diagnosed with ulcerative colitis or Crohn’s disease during the previous three years,
as cancer in this setting is thought to develop through a different biological pathway. All
patients without colonoscopy within six months prior to cancer diagnosis were excluded.
Finally, in order to be able to measure physician performance characteristics associated with
the colonoscopy, we excluded patients for whom the colonoscopy could not be linked to an
encrypted UPIN.

Our primary independent variable was a diagnosis of diverticulosis, which was obtained by
examining all Medicare claims from 1991 through the date of the most recent colonoscopy.
Codes included diverticulosis without hemorrhage (ICD-9-CM 562.10), diverticulitis
without hemorrhage (562.11), diverticulosis with hemorrhage (562.12) and diverticulitis
with hemorrhage (562.13). In order to minimize ascertainment bias among patients with
more frequent colonoscopies, we only included a diagnosis of diverticulosis associated with
an office visit or hospitalization. We further categorized the diagnosis codes into three non-
mutually exclusive groups — diverticulitis (562.11, 562.13), diverticular hemorrhage
(562.12, 562.13) and uncomplicated diverticulosis (562.10). Cancer location was
characterized as proximal (splenic flexure to cecum), distal (rectosigmoid, sigmoid and
descending colon) and rectum.

The Carrier, Outpatient and MEDPAR files from three years through the date of cancer
diagnosis were examined for receipt of colonoscopy. Colonoscopies included both
diagnostic examinations (CPT-4 44388, 44389, 45378, 45380, 45382, G0105, G0121;
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ICD-9-CM 45.23, 45.41, 45.25, 45.27) and polypectomy procedures (CPT-4 44392, 44393,
44394, 45383, 45384, 45385; ICD-9-CM 45.42, 45.43, 48.36) according to procedure codes,
and the dates of all colonoscopies were recorded. Among patients with colonoscopy during
both the 36-6 month and < 6 month intervals, the last procedure during the 36-6 month
interval was used to derive data about procedure specifics and endoscopist characteristics.
Claims data from one year to one month prior to diagnosis were used to derive a previously
validated, weighted comorbidity score which was a claims database adaptation of the
Charlson index (19).

As characterized in previous studies by our group (4) and others (10,11), cancers associated
with colonoscopy procedures between six months and three years before diagnosis were
considered to represent interval lesions. The rationale for this distinction assumes that if a
malignant lesion is detected at colonoscopy, definitive therapy would be expected to
performed within 6 months and that the typical progression from a benign, premalignant
lesion to carcinoma occurs on the order of several years (20,21).

We first compared the prevalence of a previous diagnosis of diverticulosis among patients
with interval cancers and detected cancers (colonoscopy only within 6 months of diagnosis)
using chi-square testing. Next, among patients with interval colorectal cancers, we compared
characteristics of patients with and without a previous diagnosis of diverticulosis using chi-
square analysis. Variables of interest included demographic factors (age group, gender,
race), comorbidity score, and cancer stage, grade and location in the colon. Physician
characteristics included specialty and volume of colonoscopy procedures in the noncancer
Outpatient and NCH files from 1991-2005. Using all colonoscopies from the noncancer
sample from 1991-2005, we also included the endoscopist’s polypectomy rate. For most
physicians with missing UPIN data, we were able to obtain specialty through the Medicare
specialty code on the claim.

Finally, a generalized estimating equation (GEE) model was used to determine the
independent association of diverticulosis with interval cancer, stratified by tumor location.
In this analysis, we clustered patients at the physician level.

The data were obtained through a Data User Agreement from the National Cancer Institute
and the protocol was approved by the Institutional Review Board at the Case
Comprehensive Cancer Center.

A total of 299,260 patients were initially identified from the SEER-Medicare database.
Patients were excluded for the following reasons: Medicare eligibility based on end stage
kidney disease or disability (n=21,268), prior cancer diagnosis (n=49,593), histology other
than adenocarcinoma (n=9,170), carcinoma-in-situ at index diagnosis (n=12,117), colorectal
cancer diagnosis prior to 1994 (n=34,619), age at diagnosis < 69 (n=42,753), enrollment in
Medicare HMO or non-enrollment in Medicare Parts A and B (n=42,386), cancer diagnosis
on autopsy or death certificate (n=597), no colonoscopy performed during the study period
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(n=19,201), only an incomplete colonoscopy performed (n=978), no colonoscopy performed
within six months of cancer diagnosis (n=1,119), missing UPIN identifier (n=6,706), and a
previous diagnosis of inflammatory bowel disease (n=914). Our sample consisted of 57,839
patients, including 4,192 with a colonoscopy in the 6 to 36 month period prior to diagnosis
and 53,647 with only a colonoscopy within 6 months of diagnosis. The patients with a
colonoscopy in the 6-36 month period, which was considered to represent patients with
interval cancer, accounted for 7.2%.

In the time period prior to cancer diagnosis, a diagnosis of diverticulosis was documented in
12,678 (23.6%) patients with detected cancers compared to 2,145 (51.2%) patients with
interval cancers (p<0.001). Non-mutually exclusive subtypes of diverticular disease in the
patients with interval cancers included diverticulitis (11.5%), diverticular hemorrhage
(4.3%) and uncomplicated diverticulosis (54.2%). In the detected cancer group, the
corresponding frequencies were diverticulitis (6.5%), diverticular hemorrhage (1.1%) and
uncomplicated diverticular disease (19.7%). The median time from first diagnosis of
diverticulosis to cancer diagnosis was 3.29 years (2575t percentile 1.90-5.58 years) in
the interval cancer group and 2.08 years (25175t percentile 0.02-5.05 years) in the
detected cancer group.

Among patients with interval cancer, we examined factors associated with a previous
diagnosis of diverticulosis (Table 1). Patients with diverticulosis were older, more likely to
be male and Caucasian and more frequently had comorbidity scores of 3 or higher. There
were no significant differences in the stage of cancer. Diverticulosis associated interval
cancers were somewhat more likely to be in the proximal colon and less likely to be in the
distal colon or rectum. Diverticulosis associated interval cancers were also soemwhat more
likely among endoscopists with the highest and lowest polypectomy rate but were not
associated with endoscopist procedure.

In a similar analysis of patients with detected cancers, patients with a previous diagnosis of
diverticulosis were also more likely to be older, male and Caucasian with comorbidity
scores of 1 or higher (Table 2). Diverticulosis associated cancers tended to be earlier stage
and were much more likely to occur in the proximal colon. There was no association of
endoscopist measures.

In a multivariate GEE model, we determined the independent association of diverticulosis
with interval cancer, stratified by location of tumor (Table 3). In this analysis, a previous
diagnosis of diverticulosis was associated with interval cancers in the proximal colon (OR
2.88, 95% CI 2.66-3.12), distal colon (OR 3.56, 95% CI 3.09-4.11) and rectum (OR 4.07,
95% CI 3.34-4.95). Other factors associated with interval cancers included age = 85, male
gender, and increased comorbidity. Physician factors associated with interval cancers
included specialty other than gastroenterology, lower polypectomy rates and higher
colonoscopy volume.
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Discussion

Colorectal cancers that are diagnosed after a “clearing” colonoscopy, or interval cancers,
remain an important problem, accounting for up to 10% of cancers that are diagnosed in the
US. Because a previous diagnosis of diverticulosis has been described as a risk factor for
interval cancers, we sought to better characterize the association. In this large, population-
based study of older patients with interval colorectal cancers, we found that diverticulosis
was strongly associated with interval cancers.

Other studies have also documented an association of diverticulosis with interval colon
cancers. Using a population-based cohort from Ontario, Canada, Bressler and colleagues
found that diverticulosis was documented in 38% of interval cancers, compared to only 7%
of detected cancers, and these differences were maintained in multivariate analysis (10). A
second Canadian study from Manitoba also found an association of diverticulosis with
interval cancers, though the strength of the association was not as strong as in the Ontario
study and the differences were not observed in a multivariable model (8). In an older series,
the association between diverticular disease was a strong risk factor for missed cancer in the
sigmoid colon on barium enema with the highest miss rate found in patients with more than
15 diverticula (22). The latter study suggests that the presence of diverticulosis or its
complications such as diverticulitis may interfere with the ability to recognize precancerous
and malignant lesions at colonoscopy. In addition, the endoscopic appearance of neoplastic
tissue is sometimes mistaken for an area of severe inflammation.

Despite the higher prevalence in Western counties of more extensive diverticular disease in
the left colon (23), we found that the risk of diverticulosis for interval cancers was similar at
all sites in the colon. Moreover, most cases of diverticular associated interval cancers were
among patients with uncomplicated disease as opposed to diverticulitis or diverticular
hemorrhage. These factors suggest that impaired visualization of cancers and/or their
precursor adenomas is likely not the only mechanism for the association. Alternative
mechanisms include biological factors, or potentially the presence of shared risk factors.
Another potential mechanism is diverticulosis impeding the endoscopist’s ability to reach
the cecum, though we excluded incomplete examinations from our analysis. As patients in
both the interval and detected cancer groups underwent colonoscopy that led to the cancer
diagnosis, the association is likely not merely due to underreporting of diverticulosis among
patients with a finding of cancer. Although we also found that patients with diverticulosis
associated interval cancers were more likely to be older men, but differences were probably
not great enough to justify changes in current screening practices.

Epidemiological studies have also suggested a link between diverticulosis and colorectal
cancer, with some studies documenting a more frequent rectosigmoid distribution of
carcinoma and advanced adenomas in patients with diverticulosis, compared to controls
(24). This association has been strongest for patients with previous diverticulitis and/or
extensive disease, and there has been a suggestion that diverticulosis at a young age at onset
represents a risk factor for carcinoma (25). Although the presence of this association has
been refuted in other studies (26—29), biological mechanisms including chronic
inflammation, extracellular matrix alterations, and the presence of abberant crypt foci have
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all been speculated (30). Others have argued that this association is an artifact of
missclassification and more intensive surveillance (31). Also, the presence of diverticulosis
may have been associated with an inferior bowel preparation quality and may have impeded
visualization of colonic neoplasia.

We recognize several limitations of the current study. First, the study was conducted in a
cohort of older Medicare beneficiaries receiving care in fee-for-service arrangements. Thus,
the generalizability of findings to other patient groups, including younger individuals and
those under managed care is unknown. Second, procedure related details such as number,
size and distribution of diverticulosis, and quality of bowel preparation were not available.
Although we did exclude patients who had their only colonoscopy coded as incomplete, a
completed procedure with a poor prep attributed in part to diverticulosis could have been
included. Third, as the diagnosis codes for diverticulosis do not indicate the affected
segement(s) of the bowel, we could not determine whether the presence of diverticulosis
directly impeded visualization of adenomas and/or carcinoma. Fourth, although diagnosis
codes included the presence of diverticulitis and diverticular hemorrhage, the presence and
severity of these complications could not be validated in this database. Fifth, specifics about
the colonoscopy, including use of polypectomy and physician specialty were obtained from
administrative data. Although data are collected for billing purposes and not research, the
completeness of Medicare claims for measuring colonoscopy use is thought to be relatively
high (32). A study that compared Medicare claims to colonoscopy reports found a high
sensitivity and specificity for a diagnosis of polyps as well as interventions that were
performed (33). Sixth, given the large sample size, certain statistically significant
differences may not have been clinically relevant. Finally, although we limited the inclusion
criteria for diverticulosis to non-colonoscopy claims, based on the defintion of interval
cancers, more colonosocpies were performed prior to cancer diagnosis than among patients
with detected cancers. Thus, there is still potential for ascertainment bias with diagnoses in
other claims reflecting the colonoscopy findings.

In summary, in this population-based analysis, a previous diagnosis of diverticulosis was
associated with an increased risk of interval cancers in all segments of the colon. However,
because of the high prevalence of diverticular disease in an age appropriate screening
population, at this point, more frequent screening intervals are probably not justified to
reduce this risk.

Acknowledgments

Supported by the National Cancer Institute at the National Institutes of Health, R01 CA132862, and the Case
Comprehensive Cancer Center, P30 CA043703.

This study used the linked SEER-Medicare database. The interpretation and reporting of these data are the sole
responsibility of the authors. The authors acknowledge the efforts of the Applied Research Program, NCI; the
Office of Research, Development and Information, CMS; Information Management Services (IMS), Inc.; and the
Surveillance, Epidemiology, and End Results (SEER) Program tumor registries in the creation of the SEER-
Medicare database.

Dig Dis Sci. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Cooper et al.

References
1.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Page 8

Haseman JH, Lemmel GT, Rahmani EY, Rex DK. Failure of colonoscopy to detect colorectal
cancer. Gastrointest Endosc. 1997; 45:451-5. [PubMed: 9199899]

. Pabby A, Schoen RE, Weissfeld JL, et al. Analysis of colorectal cancer occurrence during

surveillance colonoscopy in the dietary Polyp Prevention Trial. Gastrointest Endosc. 2005; 61:385—
91. [PubMed: 15758908]

. Robertson DJ, Greenberg ER, Beach M, et al. Colorectal cancer in patients under close colonoscopic

surveillance. Gastroenterology. 2005; 129:34-41. [PubMed: 16012932]

. Cooper GS, Xu F, Barnholtz Sloan JS, Schluchter MD, Koroukian SM. Prevalence and predictors of

interval colorectal cancers in Medicare beneficiaries. Cancer. 2012; 118:3044-52. [PubMed:
21989586]

. Samadder NJ, Curtin K, Tuohy TMF, et al. Characteristics of missed or interval colorectal cancer

and patient survival: a population-based study. Gastroenterology. 2014; 146:950-60. [PubMed:
24417818]

. Baxter NN, Goldwasser MA, Paszat LF, Saskin R, Urbach DR, Rabeneck L. Association of

colonoscopy and death from colorectal cancer. Ann Intern Med. 2009; 150:1-8. [PubMed:
19075198]

. Singh H, Turner D, Xue L, Targownik LE, Bernstein CN. Risk of developing colorectal cancer

following a negative colonoscopy examination. JAMA. 2006; 295:2366-73. [PubMed: 16720822]

. Singh H, Nugent Z, Mahmud SM, et al. Predictors of colorectal cancer after negative colonoscopy: a

population-based study. Am J Gastroenterol. 2010; 105:663-73. [PubMed: 19904239]

. Singh H, Nugent Z, Demers AA, Demers AA, Bernstein CN. The reduction in colorectal cancer

mortality after colonoscopy varies by site of the cancer. Gastroenterology. 2010; 139:1128-37.
[PubMed: 20600026]

. Bressler B, Paszat LF, Chen Z, Rothwell DM, Vinden C, Rabeneck L. Rates of new or missed
colorectal cancers after colonoscopy and their risk factors: a population-based analysis.
Gastroenterology. 2007; 132:96-102. [PubMed: 17241863]

Singh H, Nugent Z, Demers A, Bernstein CN. Rate and predictors of early/missed colorectal
cancers after colonoscopy in Manitoba: a population-based study. Am J Gastroenterol. 2010;
105:2588-96. [PubMed: 20877348]

Brenner H, Hoffmeister M, Arndt V, Stegmaier C, Altenhofen L, Hang U. Protection from right-
and left-sided colorectal neoplasms after colonoscopy: a population-based study. J Natl Cancer
Inst. 2010; 102:89-95. [PubMed: 20042716]

Patel SG, Ahnen DJ. Prevention of interval colorectal cancers: what every clinician needs to know.
Clin Gastroenterol Hepatol. 2014; 12:7-15. [PubMed: 23639602]

Potosky AL, Riley GF, Lubitz JD, Mentnech RM, Kessler LG. Potential for cancer related health
services research using a linked Medicare-tumor registry database. Med Care. 1993; 31:732-748.
[PubMed: 8336512]

Warren JL, Klabunde CN, Schrag D, Bach PB, Riley GF. Overview of the SEER-Medicare data.
Med Care. 2002; 40(Suppl):1V-3-1V-18.

Rex DK, Petrini JL, Baron TH, et al. Quality indicators for colonoscopy. Gastrointest Endosc.
2006; 63:516-S28. [PubMed: 16564908]

Francis DL, Rodriguez-Correa DT, Buchner A, Harewood GC, Wallace M. Application of a
conversion factor to estimate the adenoma detection rate from the polyp detection rate.
Gastrointest Endosc. 2011; 73:493-7. [PubMed: 21353846]

Williams JE, Le TD, Faigel DO. Polypectomy rate as a quality measure for colonoscopy.
Gastrointest Endosc. 2011; 73:498-506. [PubMed: 20970795]

Klabunde CN, Warren JL, Legler JM. Assessing comorbidity using claims data. Med Care. 2002;
40 (Suppl):26-35. [PubMed: 11748424]

Stryker SJ, Wolff BG, Culp CE, Libbe SD, llstrup DM, MacCarty RL. Natural history of untreated
colonic polyps. Gastroenterology. 1987; 93:1009-13. [PubMed: 3653628]

Dig Dis Sci. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Cooper et al.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page 9

Brenner H, Hoffmeister M, Stegmaier C, Altenhofer L, Haug U. Risk of progression of advanced
adenomas to colorectal cancer by age and sex: estimates based on 810,149 screening
colonoscopies. Gut. 2007; 56:1585-9. [PubMed: 17591622]

Baker SR, Alterman DD. False-negative barium enema in patients with sigmoid cancer and
diverticulosis. Gastrointest Radiol. 1985; 10:171-3. [PubMed: 3996833]

Martel J, Raskin JB. History, incidence and epidemiology of diverticulosis. J Clin Gastroenterol.
2008; 42:1125-7. [PubMed: 18936648]

Kieff BJ, Eckert GJ, Imperiale TF. Is diverticulosis assocaited with colorectal neoplasia? A cross-
sectional colonoscopic study. Am J Gastroenterol. 2004; 99:2007-11. [PubMed: 15447764]
Rondagh EJA, Sanduleanu S, leClercq CMC, Winkens B, Masclee AA. Diverticulosis and
colorectal polyps at a younger age: a possible link? Eur J Gastroenterol Hepatol. 2011; 23:1050-5.
[PubMed: 21915058]

Lee SJ, Kim SA, Ku BH, et al. Association between colorectal cancer and colonic diverticulosis:
case-control study based on computed tomographic colonography. Abdom Imaging. 2012; 37:70-
3. [PubMed: 21516446]

Granlund J, Svensson T, Granath F, et al. Diverticular disease and the risk of colon cancer — a
population-based case-control study. Aliment Pharmacol Ther. 2011; 34:675-81. [PubMed:
21790681]

Meurs-Szojda MM, Terhaar sive Droste JS, Kuik DJ, Mulder CJ, Felt-Bersma RJ. Diverticulosis
and diverticulitis form no risk for polyps and colorectal neoplasia in 4,241 colonoscopies. Int J
Colorectal Dis. 2008; 23:979-84. [PubMed: 18594842]

Krones CJ, Klinge U, Butz N, et al. The rare epidemiologic coincidence of diverticular disease and
advanced colonic neoplasia. Int J Colorectal Dis. 2006; 21:18-24. [PubMed: 15889263]

Morini S, Zullo A, Hassan C, Tomao S, Campo SM. Diverticulosis and colorectal cancer: between
lights and shadows. J Clin Gastroenterol. 2008; 42:763-70. [PubMed: 18580497]

Ekbom A. Is diverticular disease associated with colonic malignancy? Dig Dis. 2012; 30:46-50.
[PubMed: 22572684]

Schenck AP, Klabunde CN, Warren JL, et al. Data sources for measuring colorectal endoscopy use
among Medicare enrollees. Cancer Epidemiol Biomarkers Prev. 2007; 16:2118-27. [PubMed:
17932360]

Ko CW, Dominitz JA, Green P, Kreuter W, Baldwin LM. Accuracy of Medicare claims for
identifying findings and procedures performed during colonoscopy. Gastrointest Endosc. 2011,
73:447-53. [PubMed: 20950800]

Dig Dis Sci. Author manuscript; available in PMC 2015 November 01.



Page 10

Cooper et al.

NIH-PA Author Manuscript

6'8 ¢8T ¥'8 08T A\
§'ee 9V 8'T¢ 89 11
2'9¢ LES (x4 78S 1
T1€e LE9 0¢e 989 |
80 abels Jeoue)d
uoneesad [ealulo
'8 197 L'TT 16¢ €<
S0T 1474 9¢T 0L¢ [4
§'Ge ¢es €9¢ G99 T
6°GS it 14514 650T 0
200 A1p1giowod uos|reyd
x x uMmouuN/IBYI0
oY 18 L'T 9¢ J3pUe|S| 914198 IO URISY
8¢ LL ¥'e €L J1uedsiH
1’8 LT 89 SPT 2oe|g
A% €0.T L'/8 1887 AMUM
T00°0 > aoey
T'es L90T 809 0€T dlewad
6'Ly 086 '6€ 8 dleN
1000 > XS
91 9€e (44 86V G8<
6°¢c 697 S9¢ 899 78— 08
6°8¢ ¢6S 06¢ 229 6. —GL
8¢ 059 €T¢ LSY ¥.—-69
T00°0 > dno 6 aby
solyde Jboweqg
% N % N
anfea-d | (1p0z=u)sISONOILBAIQON | (G¥Tz=U)sIS0Nol1BAIQ Solslleioe ey

(26T ‘= U) S180URD [RAIBIUI BUOLIE SISOINDILIBAIP UIIM PaJRIOOSSe SO1SLIBJoRIRYD 1Usled

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Dig Dis Sci. Author manuscript; available in PMC 2015 November 01.



Page 11

Cooper et al.

Aa1jod |DN 03 anp passaiddns sazis (190

8'1¢ 124 (1274 STS €V0<
e€ve L6V Tve LTS EV'0—€E0
x4 199 §'€C S0S €€0-¥C0
§'9¢ 121 €8¢ 809 ¥20-0
200 (9%) 9dwres Jeoueduou wWo J1jate .l AwosadAjod
§'lc €99 6°LC 669 i<
€'¢eC Lly v've ¥2s 0T — 98
e 96% Tqe 6€9 G8 — 67
0'6e 118 §'¢e £8y 8y —T
T€0 a|dwres Jeoueduou wo 1y awn|oA Adoasouojo)
€8 0T 79 TET umouxun
06 8T V'L 89T Bsy1o
8L 09T 0'6 26T 8on0e4d Ajiwe4
L9 LET 99 [44) |uIdIpaW [eusalu|
STT SEC 0€T 6.C AK1abuns [essusD
8y 66 €€ T. A136uns [e10810]0D
6'1S 2901 9'vS 2Tt ABojoJaiusoises)
2000 Alfeoads uenisAyd
T 474 TC 9t paiy1oadsun
€11 (434 ¥'6 ¢0¢ wnisy
L0C ey 98T 96€ uo|o09 [eisid
099 0SET 00L T0ST uo|09 Jewixold
€00 uo13e20| Jeoue)
7’81 L€ T0C eV parenualayip Ajood
TTL 9S¥T STL £eST parenualayip Ajarelapow Jo |9
S00 ape.lo Jown |
¢Tl (01574 90T Lee umoudun
% N % N
anfea-d | (L0Z=u)sIsoINdILBAIQON | (GrTg=u)sso|nolleAld SolIs|eYR ey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Dig Dis Sci. Author manuscript; available in PMC 2015 November 01.



Page 12

Cooper et al.

NIH-PA Author Manuscript

8T 825 L0t 0GET Al
6'CC 286 [A44 818¢ 1
76C 656TT €0¢ Ge8¢ 1l
91 £900T T'9C TT€E I
T00°0 > abels Jeoue)d
uoiyejuesa ud [ealul|o
96 v0€C 0L 068 €z
'8 eeve 6'6 6vCT z
6'2C 1.6 0'Ge S9TE T
T'€9 1985¢ 7’85 v.€L 0
7000 > A1p1giowod uos|reyd
S0 6T €0 44 umouyun/18yio
TS 9.0¢ € 06¢ J3pUe|S| 914198 IO URISY
6¢ €6GT 8¢ €87 J1uedsiH
TL 688¢ 6'G oL oe|g
G'e8 6TZrE L'18 LTTTT SHUM
T00°0 > aoey
8'Gy 7G.8T 1'8€ TE8Y a[eway
A S22 6’19 181 Gl
7000 > oS
8T GG §'92 yGEE 682
zee 8876 T'9¢ 70€€E ¥8-08
Sl v1e1T L'Se 952¢ 6.-6L
6'0€ 29921 81 9.2 v.-69
T00°0 > dno 6 aby
solyde Jboweqg
% N % N
anfen-d | (960r=U) SISO|NDBAIQON | (8/92T=U)SISOINdBAIQ SoIs1B10R YD

(L#9'€S = U) s180URD Pa10aIaP BUOLLE SISOJNIILIBAIP YA PaIRId0SSe SolIsLIslorIeyd Jusied

¢ ?olgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Dig Dis Sci. Author manuscript; available in PMC 2015 November 01.



Page 13

Cooper et al.

€'6e 9€0T 8've Ly1€ €V0<
6'v¢ ¢0¢0T (414 66T€ EV'0—€€0
6'vC 8107 9'qe 6vce €€0-¥C0
6'v¢ 6T¢0T 5874 €80¢€ ¥20-0
9T'0 (%) 8)dwes Jeoueduou wo Jjates AwoiadAjod
T'ae 8.¢0T e 160€ i<
6'vC 1201 (474 €L0€ 0T —98
8¢ 6ST0T §'Ge Sty G8 — 67
¢'se 8TE0T 6'G¢ 6.c€ 8y -1
900 a|dwres Jeoueduou wo 1y awn|oA Adoasouojo)
'S [444 1A% 995 umouxun
<L €€6¢C 9'g STL Bsy1o
'8 LSvE L'8 660T aonoeid Ajiwe4
99 19¢¢ 09 86/ |uIdIpaW [eusalu|
S0T 90y €11 4 Aiebuns [essus
8¢ GEGT L'E 697 A13buns [e10810]0D
7'65 B6EETT €09 8v9. ABojossiusonses
T00°0 > Alfeoads uensAyd
8T 9gL 8T (444 paiyioadsun
6'LT 8€EL €T 099T wnisy
8've 1A 4) T6¢C 989¢ uojoo [exsig
9'Gy 0998T 6'99 0TeL uo|09 Jewixold
T00°0 > uo17e20| Jeoue)
JAVA c9¢L S8t cvee parenualayip Ajood
6°¢CL G986¢ acL 8v16 parenualayip Ajalelspow Jo |9
ST0 |pe.lo Jown |
90T eeey 80T ¥9€T umouxun
% N % N
anfea-d | (6960v=U)SSOINOJBAIGON | (8292T=U)SK0|M0BAIQ sols1e10e ReyD

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Dig Dis Sci. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Cooper et al.

Table 3

Factors Associated with Interval Cancers in Multivariable Analysis

Characteristics Adjusted OR (95% CI) | p-value
Diver culosis ver sus non-Diver culosis
Right colon 2.88 (2.66, 3.12) <0.001
Left colon 3.56 (3.09, 4.11) <0.001
Rectum 4.07 (3.34, 4.95) <0.001
Unspecified 3.65 (2.35, 5.65) <0.001
Demographics
Agegroup
69 — 74 (ref) 1
75-79 1.03 (0.95, 1.13) 0.46
80 -84 0.93 (0.85, 1.02) 0.14
>85 0.80 (0.72, 0.88) <0.001
Sex
Female (ref) 1
Male 1.12 (1.05, 1.20) <0.001
Race
White (ref) 1
Black 1.13 (1.00, 1.28) 0.05
Hispanic 0.96 (0.80, 1.13) 0.60
Asian or Pacific Islander 0.85 (0.70, 1.03) 0.10
Charlson Comor bidity
0 (ref) 1
1 1.22 (1.13, 1.33) <0.001
2 1.43 (1.29, 1.59) <0.001
>3 1.81 (1.61, 2.03) <0.001
Clinical presentation
Cancer stage
I (ref) 1
I 0.64 (0.59, 0.70) <0.001
I 0.71 (0.65, 0.78) <0.001
v 0.54 (0.48, 0.61) <0.001
Unknown 0.86 (0.76, 0.97) 0.01
Tumor Grade
Well or moderately differentiated (ref) 1
Poorly differentiated 1.06 (0.97, 1.15) 0.18
Physician specialty
Gastroenterology (ref) 1
Colorectal surgery 1.47(1.18,1.83) <0.001
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Characteristics Adjusted OR (95% CI) | p-value
General surgery 1.44 (1.26, 1.65) <0.001
Internal medicine 1.40 (1.20, 1.64) <0.001
Family practice 1.18 (1.01, 1.37) 0.03
Other 1.41 (1.16, 1.71) <0.001
Unknown 2.07 (1.80, 2.38) <0.001

Colonoscopy volume from noncancer sample
1-48 (ref) 1
49 - 85 1.11 (1.00, 1.23) 0.04
86 — 140 1.18(1.05, 1.31) 0.004
>141 1.30 (1.16, 1.46) <0.001

Polypectomy rate from noncancer sample (%)

0-0.24 (ref) 1

0.24-0.33 0.89 (0.81, 0.99) 0.03
0.33-0.43 0.86 (0.79, 0.97) 0.01
>0.43 0.82 (0.74, 0.90) <0.001
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