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Abstract

BACKGROUND—The protective effect of colonoscopy against proximal colorectal cancer is 

variable, and depends upon the detection and complete removal of precancerous polyps.
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OBJECTIVE—To estimate the efficacy of colonoscopy in a medical center with open access 

screening colonoscopy since 1998.

DESIGN—Nested case-control study with incidence density sampling.

SETTING—University affiliated Veterans Affairs Medical Center.

PATIENTS—CRC cases and controls selected from screening age patients matched by age, 

gender, and date of first primary care visit.

MAIN OUTCOME MEASUREMENT—Colonoscopy preceding the CRC diagnosis date.

RESULTS—20.2% of CRC cases had a colonoscopy in the preceding 10 years compared with 

49.0% of controls (aOR, 0.20; 95% CI, 0.11 – 0.34). Colonoscopy was strongly associated with 

decreased odds of both distal CRC (aOR, 0.16; 95% CI, 0.07 – 0.34) and proximal CRC (aOR, 

0.26; 95% CI, 0.11–0.58). The fraction of cases attributed to interval cancers was 10.5%. Missed 

lesions predominantly localized to the cecum and rectum, and recurrent lesions clustering in the 

hepatic flexure. Cecal intubation rate was 93% (98% in adequately prepped patients), and the 

adenoma detection rate was 45.2% in the control group.

LIMITATIONS—Single center, retrospective case-control design.

CONCLUSION—In an open access colonoscopy program characterized by a high cecal 

intubation rate and adenoma detection rate, colonoscopy was strongly associated with reduced 

odds of both distal and proximal CRC. Among interval cancers, missed lesions clustered in the 

cecum and rectum, and recurrent lesions in the hepatic flexure.

Keywords

colonoscopy; colorectal cancer; screening; interval colorectal cancer

INTRODUCTION and BACKGROUND

Despite continued reductions in the rates of colorectal cancer (CRC) incidence and death, 

CRC remains the third most common non-cutaneous cancer diagnosed in both men and 

women and the third leading cause of cancer related death.1 The decreasing CRC incidence 

over time has been attributed to increased patient participation in CRC screening programs,1 

which is recommended for average risk adults 50 years of age and older.2 Fecal occult blood 

testing (FOBT),3, 4 flexible sigmoidoscopy,5–9 and colonoscopy7, 10–14 have all been shown 

to reduce CRC incidence and mortality; however, the protective effect of colonoscopy 

against the incidence of CRC in the proximal colon has not been consistently 

demonstrated.7, 15–17 Cancers arising after a prior colonoscopy, termed “post-colonoscopy” 

CRC (PCCRC)18 account for 0.6% to 9% of CRCs in the literature.18–22 In addition to 

proximal colon location, the risk of developing PCCRC has been associated with the quality 

of the index examination,23 patient factors,21, 23 tumor biology,7 and procedural factors, 

such as endoscopist subspecialty, cecal intubation rate and adenoma detection rate 

(ADR).17–20, 22, 24, 25 Recent studies indicate that most PCCRCs are attributable to 

procedural factors, such as missed lesions, inadequate examinations, or incomplete 

resection.26, 27
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The San Francisco Veterans Administration Medical Center (SFVAMC) instituted an open 

access screening colonoscopy program in 1998, after participating in the Veterans Affairs 

Cooperative Study Group 380.28 Providers are able to request a screening colonoscopy by 

placing an electronic consult through the Veterans Health Administration (VHA) 

computerized patient record system (CPRS). Patients are scheduled for the procedure and 

given instruction for pre-procedure preparation over the phone by trained nursing staff. 

Since 1999, an automated clinical computerized reminder was implemented throughout the 

VHA to ensure that each individual member would have up to date health maintenance 

information.29 The SFVMAC required resolution of the computerized reminder for CRC 

screening in approximately 2001. Although before 1998 a minority of the colonoscopies 

performed at the SFVAMC were screening colonoscopies (9% in 1996; 17% in 1997), the 

number steadily increased between1998 and 2006, peaking in 2006 with 49% of procedures 

performed for a screening indication. Since 2006, screening colonoscopies have comprised 

35% to 40% of our colonoscopy examinations.

In this study, we sought to evaluate whether colonoscopy use is associated with a reduced 

odds of both proximal and distal CRC. In addition, we sought to examine the potential 

factors contributing to interval cancers in a healthcare system where screening colonoscopy 

is rigorously applied.

METHODS

Study Design

This was a nested case-control study with incidence density sampling of colorectal cancer 

cases and controls at the SFVAMC between 1998 and 2011. Fourteen colonoscopists (13 

board-certified gastroenterologists, 1 board certified colorectal surgeon) performed 

colonoscopies at our institution during this time frame. This research was approved by the 

University of California San Francisco Institutional Review Board and the San Francisco 

VA Clinical Research Office on 3/24/2006 (11-05427).

Data Sources

Cases were identified using the SFVAMC cancer registry, which collects and reviews all 

diagnoses of cancer from the catchment area and reports to the Surveillance Epidemiology 

and End Results Program. Patient-level data on cases and controls were gathered from the 

Veterans Health Administration (VHA) computerized patient record system (CPRS).

CPRS, released in 1996, is the graphical user interface for the Veterans Health Information 

Systems and Technology Architecture (VistA) integrated electronic medical record system 

and is used throughout the VHA for all aspects of patient care and treatment.29, 30 CPRS 

allows health care providers to review and update all electronic medical records for patients 

enrolled in the local facility or community based outpatient clinics (CBOCs), including 

problem lists, inpatient and outpatient progress notes, medications, orders, consults, lab 

results, radiology results, procedure and pathology results, operative reports, and discharge 

summaries. CPRS documentation is also available on the VistA intranet (VistaWeb), which 

is a read-only intranet web portal that combines patient records from multiple VHA 
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facilities. CPRS supports clinical decision-making and includes a clinical reminders 

package, which targets patients of a particular age, diagnosis or other site-defined criteria for 

preventive health care and management of chronic conditions, ensuring that timely clinical 

interventions are initiated at the point of care.31 Clinical reminders were mandated 

nationally in the VHA in 1999.29 The requirement to resolve computerized reminders for 

CRC screening at the SFVAMC began in 2001. Clearance of clinical reminders is audited 

internally on a yearly basis. Only performance of CRC screening (via colonoscopy, 

sigmoidoscopy, barium enema, or FOBT) is able to resolve the clinical reminder, except in 

cases of a current cancer diagnosis or short life expectancy. Therefore, exposure to 

colonoscopy or other CRC screening could be reliably ascertained by reviewing the medical 

records.

Identification of Cases

Case subjects included members 50 years of age or older who were found on pathology (by 

either colonoscopy or on surgical specimen) to have an adenocarcinoma of the colon or 

rectum between 1998 and 2011 and who had been seen by a primary care provider at least 6 

months before diagnosis. Patients were excluded if they were diagnosed with CRC within 6 

months of their first primary care visit. These “acute referrals” were not considered cases in 

this study because they did not have an adequate opportunity to undergo screening 

colonoscopy through the VHA system, and they were likely to receive examinations 

prompted by symptoms or signs of CRC. Exclusion criteria included a history of ulcerative 

or Crohn’s colitis, familial cancer syndromes (i.e., hereditary non-polyposis colorectal 

cancer or familial adenomatous polyposis), or history of polyps or CRC before age 50.

Cancer-specific data were abstracted including tumor size, stage, location, and histology.. 

The abstraction of cancer-specific data elements was separated from abstraction of 

subsequent CRC screening data elements.

Identification of Controls

A list of potential controls was generated from the SFVAMC membership plan, matched by 

age (+/− 6 months), sex, and date of first PCP visit (+/− 6 months). Controls were matched 

to cases on the amount of follow-up time using incidence density sampling, where the date 

of the first PCP visit was the proxy for follow-up time in the VHA system. Up to 4 controls 

were matched to each case in a nested case-control study design, in which individuals who 

later developed CRC were eligible as controls for earlier CRC cases. Study staff manually 

validated each control, starting at the top of the computer generated list and reviewing 

potential matches until up to four were selected for each case. Cases that did not have at 

least one control were excluded.

Chart Reviews

Medical records were available via CPRS and the read-only intranet web portal VistAWeb 

for the study period 1998–2011. All data from the medical record abstraction were directly 

entered into a Microsoft Access database. Inclusion/exclusion criteria were independently 

checked for cases and controls by two chart reviewers. Any discrepancy between inclusion/

exclusion criteria was resolved by another investigator (A.S.). For all eligible cases and 
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controls, reviewers entered demographic information and dates and results of any screening 

tests. For all colonoscopies performed at the SFVAMC or other facilities, detailed 

information was recorded about the referral date, indication, colonic preparation quality, 

polyps (appearance, location, method of removal, and histology), and follow-up 

recommendations.

PCCRC cases were reviewed in detail to determine location, stage, interval between 

exposure to colonoscopy and cancer diagnosis, and the characteristics of the preceding 

colonoscopy (preparation quality, location of polyps, histology, polypectomy technique, 

recommended follow-up, and adherence).

Definitions

Durability of colonoscopy protection: to evaluate the durability of colonoscopy protection, 

we divided the preceding exposure period into segments and calculated the odds ratios for 

having a screening test during each time segment. The time segments evaluated were 6 

months to 3 years, 3 to 5 years and 5 to 10 years preceding the censor date.

Prep quality was directly abstracted from the endoscopy report text, and the lexicon was 

grouped into four categories: excellent/good, fair/adequate, poor/inadequate, or not 

mentioned.

“Interval cancers” were defined as cancers that occurred within the standard recommended 

surveillance interval (+/− 6 month grace period) and within 5 years of the previous 

colonoscopy.20 Interval cancers were categorized as recurrent lesions if they occurred in a 

segment of the colon with a prior polypectomy or a likely missed lesions if the prior 

colonoscopy was negative in this region of the colon.

Statistical Analysis

Baseline study characteristics between cases and controls were compared using chi-square 

tests and Mann-Whitney U test, as appropriate.

The primary outcome was the odds of colonoscopy among cases and controls using 

conditional logistic regression. All analyses considered the 10 years before CRC diagnosis, 

but excluded the exposures within the preceding 6 months of the CRC diagnosis. A similar 

follow-up period was used to extract exposures to CRC testing for the matched control 

subjects. Among cases, the censor date was set as the date of CRC diagnosis. Among 

matching controls, censoring occurred at the same date or earlier if the follow-up time was 

shorter than that of the matched CRC case.

Conditional logistic regression was performed to calculate the odds ratio for any exposure to 

colonoscopy as compared with no colonoscopy test, and to calculate the odds ratio for 

exposure to colonoscopy between patients with CRC located in the proximal or distal colon 

and controls. Adjustment was made for confounding factors including a family history of 

CRC, exposure to other screening tests, smoking, BMI, and race. All statistical analyses 

were calculated using Stata 11.0 (Stata Corp, College Station, Tex).
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CRC diagnosed during screening or surveillance colonoscopies were compared with those 

for other indications using a chi-square and Mann-Whitney U tests, as appropriate. 

Characteristics tested included age, size of tumor, location, and TNM stage.

Finally, descriptives for quality indicators were run on colonoscopies performed at the VA 

among control subjects including the preparation quality (excellent, good, fair, adequate, 

poor), cecal intubation rate and its relationship to preparation quality, and the findings on 

examination (ADR, prevalence of advanced neoplasia, hyperplastic polyp, and serrated 

polyp). The case subjects were evaluated separately.

RESULTS

Patient Demographics

In 1998, 3,467 screen eligible (50–80 year old) patients were enrolled at the SFVAMC and 

its community based outpatient clinics; this number increased to 15,987 by 2011. 

Compliance with CRC screening reminder clearance ranged from 45% in 1998, to 77% in 

2011 (supplemental Figure A). A total of 438 cases of colon and rectal cancer included in 

the SFVAMC Cancer Registry between 1998–2011 were reviewed. Of these 438 cases, the 

majority (314) were cases presenting to the SFVAMC as new patients with a known or 

suspected diagnosis of CRC, or ascolorectal malignancy other than adenocarcinoma 

(carcinoid, lymphoma, squamous cell carcinoma).

One hundred twenty four cases (28.3%) met inclusion criteria, and were matched with 488 

controls. The cases and controls were adequately matched for age and gender (Table 1), but 

one woman was dropped from the final analysis due to inadequate matching (unable to find 

controls who were of similar age and who had been seen for a first visit with a San 

Francisco VA PCP within a six month timeframe of the case patient’s first PCP visit). 

Although controls and cases were matched for the first date of PMD visit, follow-up time 

was not matched, which led to a slightly longer follow-up time for cases versus controls that 

was not significant. (4.32 vs. 3.87 years, p=0.11). The proportion of cases that were of Black 

race was higher than in controls, which is consistent with national statistics and published 

reports.32, 33

CRC was diagnosed during a screening or surveillance colonoscopy in 29.8% of cases; the 

remainder was diagnosed during colonoscopies performed for other indications, including 

positive FOBT, abnormal imaging, rectal bleeding, and anemia.. Cases diagnosed during a 

screening or surveillance examination were significantly younger (66.4 vs. 71.9 years, 

p=0.003), had CRC that was smaller in size (31.0 mm vs. 41.6 mm, p=0.008), and were 

more likely to have non-metastatic disease (p=0.01) than those in whom colonoscopy was 

performed for other indications.

Exposure to Colonoscopy among Cases and Controls

A significantly smaller proportion of cancer case subjects (20.2%) than controls (49.0%) 

underwent a colonoscopy in the period preceding the CRC diagnosis, representing a 75% 

overall reduction in odds of CRC (OR, 0.25; 95% CI, 0.15–0.40). After adjustment for race, 
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BMI, exposure to other screening tests, smoking and family history, this difference remained 

significant (adjusted OR [aOR], 0.20; 95% CI, 0.11–0.34) (Table 2).

Proximal versus Distal CRC

In the unadjusted analysis, prior exposure to colonoscopy was associated with a 67% 

reduction in odds of proximal CRC (OR, 0.33; 95% CI, 0.16–0.67) and a 79% reduction in 

odds of distal CRC (OR, 0.21; 95% CI, 0.11–0.39) (Table 2). After adjustment for race, 

BMI, exposure to other screening tests, smoking and family history, the adjusted odds ratios 

for proximal and distal CRC were 0.26 (95% CI, 0.11–0.58) and 0.16 (95% CI, 0.07–0.34), 

respectively. Although the estimated efficacy of colonoscopy for distal CRC (OR 0.21) was 

stronger compared with proximal CRC (OR 0.33), this difference was not significant 

(p=0.36).

Durability of Colonoscopy

When stratified by the time interval of the previous colonoscopy, more recent exposure to 

colonoscopy tended to be more protective (OR, 0.28; 95% CI, 0.13–0.59 for exposure within 

3 years; OR, 0.45; 95% CI, 0.23–0.88 for exposure between 3 and 5 years; and OR, 0.48; 

95% CI, 0.26–0.88 for exposure between 5 and 10 years, Table 2).

Colonoscopy Characteristics

Of colonoscopies performed in the control group, 58% were direct referrals; this increased 

to 80% (138/171) after implementation of the automated clinical computerized reminder 

(January 2002). Among the control subjects, 322 colonoscopy procedures were performed in 

239 control subjects, of which 290 colonoscopies were available for examination of 

colonoscopy quality (Table 3). The distribution of the preparation quality is shown in Table 

3. A majority of colonoscopy bowel preps were at least fair or adequate (88%), 6% did not 

have preparation quality mentioned, and 5.5% were poor or inadequate. The overall cecal 

intubation rate was 93%, but in the 256 colonoscopies with at least fair or adequate 

preparation, the cecal intubation rate was 98%. By contrast, if the preparation quality was 

poor or inadequate, the cecum was intubated in only half (8/16) of the procedures. Colonic 

neoplasms were common. Overall, the ADR was 45% and advanced neoplasia was present 

in approximately 14% of all procedures. When restricted to screening colonoscopy 

procedures, the ADR was 41% and the rate of advanced neoplasia was nearly 19%. A snare 

polypectomy was performed in 44% of colonoscopies (128/290).

Of the cases who had previously undergone a colonoscopy, 86% of colonoscopy bowel 

preps were at least fair or adequate (data not shown). The cecal intubation rate was 97% in 

colonoscopies with at least a fair or adequate prep. The ADR was 67%, and the advanced 

neoplasia rate was 39% in the case population.

Post-Colonoscopy Colorectal Cancer and Interval Cancers

Twenty-five PCCRC cases were identified (see Table 4). Three of these PCCRC cases were 

prior negative colonoscopies recommended for a ten year follow-up examination, but 

presented >5 years after the index colonoscopy. Nine of the PCCRC cases presented outside 
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their recommended surveillance intervals, the majority with a history of high-risk adenomas. 

Several patients developed colorectal cancer despite multiple (≥2) colonoscopies.

Thirteen cases (10.5%) were determined to be interval cancers (Table 4). Eight of these 

cancers occurred in the proximal colon, and five occurred in the distal colon. A larger 

proportion of interval cancers were located in the proximal colon compared with sporadic 

cancers (61.5% vs. 36.4%, p=0.07); this difference was not statistically significant, although 

the study was not powered to examine this. All distal interval cancers occurred within the 

rectosigmoid region (see Figure 1).

Available endoscopy reports were reviewed in detail for all 13 patients who developed 

interval cancers. Four interval cancers (31%) were believed to be recurrent lesions, three in 

the hepatic flexure and one in the rectum (Figure 1). Two cases of interval hepatic flexure 

adenocarcinomas had endoscopic evidence of residual serrated adenoma before their 

diagnosis of CRC, one at the index resection requiring piecemeal endoscopic mucosal 

resection (EMR) (Table 5, subject 2), and the second at three month surveillance of a 

piecemeal snare polypectomy site (Table 5, subject 5). In all cases, adenocarcinoma was 

detected at the time of recommended surveillance. The remaining nine interval cancer cases 

were classified as likely missed lesions. These included three interval cancer cases reported 

to have prior normal colonoscopies, however the index procedures were performed at 

outside facilities, and the endoscopy reports were unavailable for review. Three other 

interval cancers presented as advanced lesions in the rectum/rectosigmoid region shortly 

after examinations at the SFVAMC that revealed only small adenomas. Two cecal interval 

cancers occurred in patients with history of HRAs but a normal colonoscopy at the most 

recent examination. A transverse colon interval cancer was detected during a scheduled 

surveillance examination, at which time multiple other advanced lesions also were detected, 

indicating biological factors may have also played a role.

DISCUSSION

In this nested case-control study, colonoscopy was associated with an 80% reduced odds of 

developing CRC. This reduction was most pronounced for distal CRC (aOR, 0.16) but was 

also evident for proximal CRC (aOR, 0.26). Durability of colonoscopy protection persisted 

over the 10-year analysis period. Our results are consistent with prior studies demonstrating 

a 55–85% reduction in the odds of distal CRC in subjects previously exposed to 

colonoscopy.14, 34, 35 In these studies, the protective effect of colonoscopy against proximal 

CRC has been variable, ranging from no protection to as much as a 57% reduction in the 

odds of developing CRC.

Several of the previously published studies relied on administrative claims data, in which 

indication and quality of examination were not known. A strength of our study was the 

ability to conduct labor-intensive and detailed chart review using the integrated clinical data 

from the VHA CPRS with clinical decision support functionality. By requiring cases and 

controls to have a primary care provider within the VHA system, colonoscopy use could be 

accurately assessed. The indication and findings for each colonoscopy were known, and 

quality measures were directly abstracted from the endoscopy and pathology reports. Within 
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this practice setting, we report one of the highest exposure rates to colonoscopy (49% in the 

control group vs. 4.4% to 41% in prior studies).10, 15, 24, 34, 35 Screening or surveillance 

colonoscopy accounted for 69% of the colonoscopy examinations in controls. In 30% of the 

124 cases, the CRC was detected during a screening or surveillance examination. Unlike 

other studies, we did not find a statistically significant difference in detection of earlier stage 

of screen or surveillance detected cancers,36 but we did find that patients had smaller lesions 

and were more likely to have non-metastatic disease.

Prior studies have shown that physician ADR is inversely correlated with interval cancer 

development.20, 25 Colonoscopies in the SFVAMC system were associated with high ADR, 

which suggest that the interval cancer incidence rate should be low. Even though the fraction 

of CRC cases that are interval cancers is higher than previously reported, it likely is a 

reflection of the high penetration of colonoscopy in the overall study population.18, 19, 21, 37 

For example, in a longitudinal cohort in which everyone has been exposed to a colonoscopy, 

all incident cancers will have had exposure to colonoscopy. Although colonoscopy is highly 

effective against CRC, there are limitations to the protective effect of colonoscopy..

Our study results suggest that in addition to lesion pathology, incorporation of patient age 

and lesion location and resection technique may lead to further refinement and 

individualization of surveillance guidelines. Consistent with other studies documenting older 

age as an independent risk factor for interval CRC,20, 38 the average age in our interval 

cancer group was 73 years. Although biological risk factors are difficult to quantify, 62% of 

patients with interval cancer had a history of HRAs on prior colonoscopies, portending a 

higher risk for recurrent neoplasia. Interval cancers ascribed to missed lesions clustered in 

the cecum and rectum, areas that are potential ‘blind spots” for colonoscopy. This 

emphasizes the need for meticulous inspection behind folds, especially the ileocecal valve 

and rectal valves of Houston. Other studies also report that the majority of missed distal 

lesions are within 10 cm of the anorectal verge. 39, 40 Consistent with prior studies, 

approximately one third of our interval cancers are ascribed to incomplete resection of 

detected lesions.37, 41, 42 Piecemeal resections are associated with a higher rate of residual 

neoplasia as compared with en bloc resection, and sessile serrated adenomas are more likely 

to be incompletely resected.4344 Techniques to ensure complete adenoma resection deserve 

further study, such as the use of adjunctive imaging technologies (surface, digital or 

injection chromoendoscopy) to better delineate polyp edges.44, 45 Our findings are consistent 

with recent studies implicating procedural factors as the main etiology of interval cancer 

development.26, 27 Going forward, quality measures that include measures of technical 

competence, such as adenoma resection technique and incomplete resection rate44, may add 

an additional dimension to quality assessment independent of ADR and cecal intubation.

A limitation of this study is that it was a single center retrospective study that included 

primarily male Veterans within a system that strongly promoted CRC screening. Although 

each record was individually reviewed, comorbidity data was neither collected nor included 

in the adjusted model. It is possible that case subjects may have been more ill and less likely 

to have received colonoscopy. However, other studies have suggested that screening rates 

among those with and without multiple comorbidities are not significantly different.46 As 

with any retrospective study, despite attempts in the study design and analytic phase to 
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reduce confounding, there may be unrecognized confounding factors in this case-control 

study for which we have not adjusted.

In conclusion, this study lends further evidence that high quality colonoscopy is strongly 

associated with reduction of both proximal and distal CRC. Nonetheless, interval cancers 

occurred that are attributable to incomplete polypectomy and missed lesions, highlighting 

the emphasis upon continued quality improvement efforts to optimize the detection and 

complete resection of lesions during colonoscopy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Location of interval cancers.
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Table 1

Baseline characteristics of the study subjects

Characteristic Cases (n=124) Controls (n=488) p-value

Age, median 69.5 69.6 0.84

Male sex - % 100 100 1.0

Race, %

 Black 16.9 10.0 0.03

 White 61.3 71.3 0.03

 Hispanic 4.0 4.1 0.97

 Asian 5.7 2.5 0.07

 Other/unknown 12.1 12.1 0.95

Time with VA PCP before case diagnosis, years 4.3 3.9 0.11

VA PCP: Veterans Affairs primary care provider; CRC: Colorectal cancer
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Table 2

Exposure to colonoscopy and its estimated efficacy

Exposure to Colonoscopy (%) Odds Ratio (95% CI)

Cases (n=124) Controls (n=488) Unadjusted Adjusted a

Location

 Overall 20.2 49.0 0.25 (0.15–0.40) 0.20 (0.11–0.34)

 Distal CRC (n=76)c 17.1 48.7 0.21 (0.11–0.39) 0.16 (0.07–0.34)b

 Proximal CRC (n=48)c 25.0 49.5 0.33 (0.16–0.67) 0.26 (0.11–0.58)b

Durability

 < 3 6.5 20.3 0.28 (0.13–0.59)

 3–5 9.7 17.4 0.45 (0.23–0.88)

 5–10 11.3 20.1 0.48 (0.26–0.88)

a
Conditional logistic model was adjusted for race, family history, smoking, BMI, and exposure to other screening tests.

b
Test of effect modification by cancer location did not reach significance (p=0.36).

c
76 cases of distal CRC were matched with 302 controls. 48 cases of proximal CRC were matched with 186 controls.
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Table 3

Characteristics of colonoscopy exam among control subjects performed at the VA

Characteristics Overall Screening Surveillance Other a

VA Procedure, % 290 (100) 97 (33.4) 104 (35.9) 89 (30.7)

Prep Quality, %

 Excellent/Good 205 (70.7) 73 (75.3) 72(69.2) 60(67.4)

 Fair/Adequate 51 (17.6) 15 (15.5) 21 (20.2) 15 (16.8)

 Poor/Inadequate 16 (5.5) 5 (5.2) 6 (5.8) 5 (5.6)

 Not mentioned 18 (6.2) 4 (4.1) 5 (4.8) 9 (10.1)

Cecum Reached, %

 Overall 271 (93.4) 92 (94.8) 99 (95.2) 78 (87.6)

 Prep quality ≥ fair 251/256 (98.0) 85/88 (96.6) 93/93 (100) 70/75 (93.3)

 Prep quality was poor or inadequate 8/16 (50.0) 4/5 (80.0) 1/6 (16.7) 4/5 (80.0)

 Prep not mentioned 12/18 (66.7) 3/4 (75.0) 5/5 (100) 4/9 (44.4)

Polypectomy rate, %

 Any adenoma b 131 (45.2) 40 (41.2) 58 (55.8) 33 (37.1)

 Hyperplastic polyp c 86 (29.7) 25 (25.8) 35 (33.6) 26 (29.2)

 Advanced histology d 8 (2.8) 1 (1.0) 2 (1.9) 5 (5.6)

 Advanced neoplasia e 42 (14.4) 18 (18.6) 15 (14.4) 9 (10.1)

a
Other included anemia, hematochezia, FOBT, and multiple other indications (melena, constipation, diarrhea, weight loss).

b
Any adenoma includes any size polyp with adenomatous features or more advanced histological features. This excluded hyperplastic polyps.

c
Of the 86 patients with any hyperplastic polyps, there were a total of 111 hyperplastic polyps. Location included the cecum (5), ascending (7), 

hepatic flexure (1), transverse (12), splenic (1), descending (8), sigmoid (29), rectum (37), rectosigmoid (14). Six polyps were 10 mm or larger. 
Half were located proximal to the sigmoid colon.

d
Advanced histology includes tubulovillous adenoma or high grade dysplasia

e
Advanced neoplasia includes polyps greater than 10 mm in size with adenomatous features or polyps of any size with advanced histological 

features. This excluded hyperplastic polyps.
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