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Background

The proportion of screening colonoscopic examinations performed by a physician 
that detect one or more adenomas (the adenoma detection rate) is a recommended 
quality measure. However, little is known about the association between this rate 
and patients’ risks of a subsequent colorectal cancer (interval cancer) and death.

Methods

Using data from an integrated health care delivery organization, we evaluated the 
associations between the adenoma detection rate and the risks of colorectal cancer 
diagnosed 6 months to 10 years after colonoscopy and of cancer-related death. 
With the use of Cox regression, our estimates of attributable risk were adjusted for 
the demographic characteristics of the patients, indications for colonoscopy, and 
coexisting conditions.

Results

We evaluated 314,872 colonoscopies performed by 136 gastroenterologists; the ad-
enoma detection rates ranged from 7.4 to 52.5%. During the follow-up period, we 
identified 712 interval colorectal adenocarcinomas, including 255 advanced-stage 
cancers, and 147 deaths from interval colorectal cancer. The unadjusted risks of 
interval cancer according to quintiles of adenoma detection rates, from lowest to 
highest, were 9.8, 8.6, 8.0, 7.0, and 4.8 cases per 10,000 person-years of follow-up, 
respectively. Among patients of physicians with adenoma detection rates in the 
highest quintile, as compared with patients of physicians with detection rates in the 
lowest quintile, the adjusted hazard ratio for any interval cancer was 0.52 (95% con-
fidence interval [CI], 0.39 to 0.69), for advanced-stage interval cancer, 0.43 (95% CI, 
0.29 to 0.64), and for fatal interval cancer, 0.38 (95% CI, 0.22 to 0.65). Each 1.0% 
increase in the adenoma detection rate was associated with a 3.0% decrease in the 
risk of cancer (hazard ratio, 0.97; 95% CI, 0.96 to 0.98).

Conclusions

The adenoma detection rate was inversely associated with the risks of interval 
colorectal cancer, advanced-stage interval cancer, and fatal interval cancer. (Funded 
by the Kaiser Permanente Community Benefit program and the National Cancer 
Institute.)
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Colonoscopy is a commonly used pri-
mary or follow-up screening test to detect 
colorectal cancer,1-3 the second leading 

cause of death from cancer in the United States.4,5 
Colonoscopy can reduce the risk of death from 
colorectal cancer through detection of tumors at 
an earlier, more treatable stage and through re-
moval of precancerous adenomas.3,6 Conversely, 
failure to detect adenomas during colonoscopy 
may increase the subsequent risk of cancer.

The adenoma detection rate, the proportion 
of screening colonoscopies performed by a phy-
sician that detect at least one histologically con-
firmed colorectal adenoma or adenocarcinoma, 
has been recommended as a quality benchmark 
by specialty societies7 and has been recently pro-
posed by the Centers for Medicare and Medicaid 
Services as a reportable quality measure. Cur-
rently, professional societies recommend adeno-
ma detection rates of 15% or higher for female 
patients and 25% or higher for male patients as 
indicators of adequate colonoscopy quality, al-
though data are lacking to validate these thresh-
olds.7 Adenoma detection rates vary widely among 
providers in both academic and community set-
tings8-20; however, the adenoma detection rate has 
not been well validated with respect to its use in 
predicting the risk of important outcomes such 
as the development of colorectal cancer after colo-
noscopy (hereafter referred to as interval cancer), 
advanced-stage interval cancer, and fatal interval 
cancer. A study of 42 interval cancers identified 
over a period of 5 years showed an association 
between the colonoscopy-related adenoma detec-
tion rate (<20% vs. ≥20%) and the risk of interval 
cancer.21

We evaluated the relationship between the 
adenoma detection rates in a large group of en-
doscopists in a community-based setting and their 
patients’ risks of interval colorectal cancer, ad-
vanced-stage interval cancer, and fatal interval 
cancer.

Me thods

Study Population and Data Sources

The patients in the study were members of Kaiser 
Permanente Northern California, an integrated 
health services organization that serves approxi-
mately 3.3 million people annually at 17 medical 
centers. Demographic characteristics of the mem-
bers closely approximate those of the region’s di-

verse population (when compared with the regional 
demographic characteristics estimated by the de-
cennial census). The patients were enrolled in 
Medicare, Medicaid, or a commercial insurance 
plan.22,23 We obtained data from electronic records 
on the patients’ sex, age, race or ethnic group, 
family history of colorectal cancer, and Charlson 
comorbidity index score (calculated for the year 
before the index colonoscopy). The Charlson index 
predicts the influence of coexisting diseases on 
mortality; higher scores indicate the presence of 
more (or more severe) coexisting conditions.24

Patients were included in the study if they had 
undergone a colonoscopy between January 1, 1998, 
and December 31, 2010; were 50 years of age or 
older at the time of the colonoscopic examination; 
and had at least 6 months of subsequent follow-
up. The gastroenterologists who performed the 
colonoscopies had to have completed 300 or more 
total colonoscopic examinations and 75 or more 
screening examinations during the study period.

Patients were followed from the date of the 
colonoscopy to the first of the following events: 
completion of 10 years of follow-up, diagnosis of 
a colorectal adenocarcinoma, discontinuation of 
membership in Kaiser Permanente Northern Cal-
ifornia, or the end of the follow-up period (Decem-
ber 31, 2010).

Study Oversight

The study was approved by the institutional re-
view board of Kaiser Permanente Northern Cali-
fornia, which waived the requirement for informed 
consent. The listed authors had sole responsibil-
ity for the study design, data collection, decision 
to submit the manuscript for publication, and 
drafting of the manuscript. This study was con-
ducted within the National Cancer Institute (NCI) 
Cancer Research Network and as part of the 
NCI-funded Population-based Research Optimiz-
ing Screening through Personalized Regimens 
(PROSPR) consortium. The PROSPR consortium 
conducts multisite, coordinated, transdisciplinary 
research to evaluate and improve cancer-screen-
ing processes.

Colonoscopic Examinations

Colonoscopies were identified from electronic 
records with the use of Current Procedural Ter-
minology codes, and adenomas detected at colo-
noscopy were identified with the use of System-
atized Nomenclature of Medicine codes.25 We 
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used an algorithm that incorporated data from 
electronic consultation records, clinical diagnos-
tic codes from the International Classification of Dis-
eases, 9th revision, and laboratory, pathological, 
and radiologic tests to categorize the indication 
for colonoscopy as screening, surveillance, or di-
agnosis. A screening examination was defined as 
a colonoscopy for which there was no surveil-
lance or diagnostic indication. A surveillance ex-
amination was defined as a colonoscopy for which 
there was no diagnostic indication and which 
was performed in a patient who had undergone a 
colonoscopy within the previous 10 years or a 
sigmoidoscopy within the previous 5 years or 
who had a history of polyps or colorectal cancer. 
A diagnostic indication was assigned if the pa-
tient had one or more of the following findings 
before the colonoscopy: a positive test for hemo-
globin in stool within the past year; a gastroin-
testinal condition, such as abdominal pain, iron-
deficiency anemia, gastrointestinal bleeding, 
unexplained weight loss, a change in bowel hab-
its, an abnormal finding on abdominal imaging, 
a polyp detected by means of flexible sigmoidos-
copy, or diverticulitis, within the past 6 months; 
or a diagnosis of inflammatory bowel disease 
within the past 10 years. Validation studies con-
firmed high levels of sensitivity and accuracy for 
capture of colonoscopic examinations, indica-
tions for colonoscopy, detection of cancers, and 
detection of adenomas.26

Cancer Outcomes

An interval cancer was defined as a colorectal can-
cer diagnosed between 6 months and 10 years after 
colonoscopy; cancers diagnosed within 6 months 
after colonoscopy were considered to be “detect-
ed” by the index examinations. Early interval can-
cers were those diagnosed between 6 and 35 
months after the colonoscopy; delayed cancers 
were those diagnosed 3 or more years after the 
colonoscopy. The risk of interval cancer among 
patients who underwent more than one colonos-
copy was assigned to the physician who performed 
the most recent colonoscopy.

Data on the diagnosis and stage of colorectal 
adenocarcinoma were obtained from the Kaiser 
Permanente Northern California and California 
cancer registries, which are part of the Surveil-
lance, Epidemiology, and End Results (SEER) 
registry. Advanced-stage cancers were defined as 
stage III (regional disease with spread to the 
regional lymph nodes only) or stage IV (distant 

metastasis) according to the American Joint Com-
mittee on Cancer staging system; for patients 
who did not undergo such staging, advanced-
stage cancers were defined as code 3 (disease in 
the regional lymph nodes), code 4 (regional dis-
ease with direct extension and spread to the re-
gional lymph nodes), or code 7 (distant metastasis) 
according to the SEER Program Coding and Staging 
Manual 2013.27 Proximal cancers were those in the 
cecum, ascending colon, hepatic flexure, and 
transverse colon; distal cancers were those in the 
splenic flexure, descending colon, sigmoid colon, 
and rectum. The underlying causes of death were 
obtained from cancer-registry and state mortal-
ity files.

Statistical Analysis

We examined whether physicians’ adenoma de-
tection rates, categorized either in quintiles or as 
a continuous variable, predicted patients’ risk of 
interval colorectal cancer. We used multilevel Cox 
proportional-hazards regression, adjusting for pa-
tient sex and age, Charlson comorbidity index 
score, and indication for colonoscopy; the race or 
ethnic group of the patients did not substantially 
alter physicians’ adenoma detection rates and was 
not included in the final model. We accounted for 
within-physician clustering and within-patient 
correlation using marginal modeling, with a ro-
bust sandwich estimate of the covariance matrix.28 
Thus, for each physician, we used a standardized 
exposure (i.e., the adenoma detection rate for 
screening examinations) to predict their patients’ 
outcomes for all colonoscopies, irrespective of 
indications, after balancing for potential differenc-
es in their patient populations. We tested for non-
proportionality of covariates using time–covariate 
interaction terms in the main model. There was 
heterogeneity in the effect over time for the age 
of the patient (≤85 years vs. >85 years) and the 
indication for diagnostic examination but not for 
the adenoma detection rate; inclusion of time–
covariate interaction terms had no effect on 
hazard-ratio estimates. Thus, we included only 
main-effect terms in our final model.

The change in the potential number of inter-
val cancers, from the lowest to the highest quin-
tile of adenoma detection rates, was analogous to 
the number needed to treat and was calculated as 
1 divided by the risk difference between quintiles 1 
and 5. The risk difference was estimated with the 
use of the following equation: risk difference =  
incidence − (hazard ratio × incidence), where hazard 
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Table 1. Characteristics of the Patients and Physicians.

Characteristic
All Colonoscopies 

(N = 314,872)
Interval Colorectal Cancer 

(N = 712)*

Patients

Sex — no. (%)

Female 164,711 (52.3) 344 (48.3)

Male 150,161 (47.7) 368 (51.7)

Race or ethnic group — no. (%)†

Non-Hispanic white 205,827 (65.4) 541 (76.0)

Hispanic 28,209 (9.0) 55 (7.7)

Black 20,608 (6.5) 46 (6.5)

Asian or Pacific Islander 35,531 (11.3) 41 (5.8)

Native American 1,365 (0.4) 2 (0.3)

Mixed or other 10,293 (3.3) 24 (3.4)

Unknown 13,039 (4.1) 3 (0.4)

Age — yr

Median 64 69

Interquartile range 57–72 63–77

Charlson comorbidity index score‡

Median 0 0

Interquartile range 0–1 0–1

Indication for colonoscopy — no. (%)§

Screening 57,588 (18.3) 90 (12.6)

Surveillance 76,418 (24.3) 232 (32.6)

Diagnosis 180,866 (57.4) 390 (54.8)

Location of interval colorectal cancer — no. (%)

Distal colon 267 (37.5)

Proximal colon 427 (60.0)

Unknown 18 (2.5)

Follow-up time between last colonoscopy and data censoring — mo¶

Median 35 39

Interquartile range 19–59 21–64

Physicians

Total — no. (%) 136 (100)

Year of graduation from medical school

Median 1989

Interquartile range 1980–1997

Adenoma detection rate quintile — no. (%)‖

Quintile 1: 16.56% (7.35–19.05%) 27 (19.9)

Quintile 2: 21.50% (19.06–23.85%) 27 (19.9)

Quintile 3: 25.70% (23.86–28.40%) 28 (20.6)

Quintile 4: 30.96% (28.41–33.50%) 27 (19.9)

Quintile 5: 38.86% (33.51–52.51%) 27 (19.9)

* Interval cancers were defined as colorectal adenocarcinomas diagnosed between 6 months and 10 years after the index colonoscopy.
† Information about race or ethnic group was derived from numerous sources, including medical records (physician report), patient self-report 

on questionnaires, and cancer registries.
‡ Scores on the Charlson comorbidity index, a validated method of classifying prognosis according to coexisting conditions in longitudinal 

studies, range from 0 to 33, with higher scores indicating a greater burden of coexisting conditions.
§ For patients with interval cancers, the indication for colonoscopy was the same as the indication for the colonoscopy that preceded the di-

agnosis of the interval cancer.
¶ Follow-up time is shown for the 264,972 colonoscopic examinations included in Cox analyses. Patients were followed from the date of the 

colonoscopy to the first of the following events: completion of 10 years of follow-up, diagnosis of a colorectal adenocarcinoma, discontinua-
tion of membership in Kaiser Permanente Northern California, or the end of follow-up (December 31, 2010).

‖ Quintiles are expressed as medians and ranges.
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ratio is the adjusted hazard ratio for quintile 5 
relative to quintile 1, and incidence is the unad-
justed incidence per 10 years of follow-up after 
colonoscopy in the lowest-performing quintile.

Analyses were performed with the use of SAS 
software, version 9.3 (SAS Institute), and Stata 
software, version 10.1 (StataCorp).

R esult s

Colonoscopies and Physician Characteristics

We identified 331,164 eligible colonoscopic ex-
aminations during the study period; exclusion of 
12,765 colonoscopies by endoscopists who had 
performed fewer than 300 total examinations, 
2028 by providers who had performed fewer than 
75 screening examinations, 1462 that were not 
performed at Kaiser Permanente facilities, and 
37 performed in patients with no follow-up time 
yielded 314,872 examinations, 8730 colorectal can-

cers, and 136 gastroenterologists for the calcula-
tion of adenoma detection rates. Exclusion of 8018 
examinations in which a cancer was detected 
within 6 months after colonoscopy and an addi-
tional 41,882 examinations with less than 6 months 
of follow-up data resulted in 264,972 colonosco-
pies among 223,842 patients, with 712 interval 
colorectal adenocarcinomas (8.2% of all colorec-
tal cancers) and 927,523 person-years of follow-up 
for the analyses of interval cancer (Table 1 and 
Fig. 1, and Table S1 in the Supplementary Appen-
dix, available with the full text of this article at 
NEJM.org). The median interval between the in-
dex examination and the diagnosis of an interval 
cancer was 39 months.

Characteristics of the physicians are shown in 
Table 1, and in Table S1 in the Supplementary 
Appendix. The average number of colonoscopies 
performed by an individual physician was 2150 
(range, 355 to 6005); adenoma detection rates 
ranged from 7.4 to 52.5% (9.7 to 60.5% for male 
patients and 3.9 to 45.9% for female patients). 
There was a strong correlation between the ade-
noma detection rates based on screening exami-
nations alone and those based only on diagnos-
tic examinations (r = 0.75, P<0.001) or only on 
surveillance examinations (r = 0.72, P<0.001).

Risk of Interval Colorectal Cancer

The unadjusted risks of interval colorectal cancer 
according to quintiles of adenoma detection rates, 
from lowest to highest, were 9.8, 8.6, 8.0, 7.0, 
and 4.8 cases per 10,000 person-years of follow-
up, respectively. For patients of physicians with 
adenoma detection rates in the highest quintile, 
as compared with patients of physicians with 
rates in the lowest quintile, the risk of receiving 
a diagnosis of an interval cancer was 0.52 (95% 
confidence interval [CI], 0.39 to 0.69), after ad-
justment for covariates (Table 2 and Fig. 2A). The 
risk of interval cancer decreased approximately 
linearly with increasing adenoma detection rates, 
without evidence of a threshold effect within the 
observed range of rates. With the adenoma de-
tection rate modeled as a continuous variable, 
each 1.0% increase in the rate predicted a 3.0% 
decrease in the risk of interval cancer (hazard 
ratio, 0.97; 95% CI, 0.96 to 0.98).

The results were similar in an analysis re-
stricted to examinations involving persons with 
at least 2 years of follow-up data (hazard ratio 
for an interval cancer, 0.97; 95% CI, 0.96 to 0.99; 

314,872 Were used to calculate ADR

331,164 Total colonoscopies in patients
≥50 yr of age were assessed for eligibility

16,292 Were excluded
12,765 Were performed by physicians with

a total of <300 examinations
2,028 Were performed by physicians with

a total of <75 examinations
1,462 Were not performed at a KPNC facility

37 Were performed in patients without
 follow-up time

264,972 Colonoscopies among 223,842 
patients were eligible for assessment
of interval CRC and Cox proportional-

hazards analyses (with 927,523 person-yr
of follow-up and detection of 712 

interval CRCs)

49,900 Were not eligible for assessment of 
interval CRC (i.e., in patients with <6 mo
of follow-up)

8,018 Resulted in detection of cancers (i.e.,
diagnosed <6 mo after colonoscopy)
7,996 Detected adenocarcinomas

22 Detected other CRCs
41,882 Were performed in patients with <6 mo

of follow-up for reasons other than
cancer diagnosis

Figure 1. Colonoscopic Examinations Performed by 136 Gastroenterologists.

ADR denotes adenoma detection rate, CRC colorectal cancer, and KPNC 
Kaiser Permanente Northern California.
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P<0.001) and separate analyses of screening colo-
noscopies (hazard ratio, 0.97; 95% CI, 0.95 to 1.00; 
P = 0.05), diagnostic colonoscopies (hazard ratio, 
0.97; 95% CI, 0.96 to 0.98; P<0.001), and surveil-
lance colonoscopies (hazard ratio, 0.98; 95% CI, 
0.97 to 0.99; P = 0.02). The unadjusted risks ac-
cording to the most recent indication for colo-
noscopy were 5.0 cases of interval cancer per 
10,000 person-years of follow-up for screening, 
8.9 cases per 10,000 person-years for surveillance, 
and 8.0 cases per 10,000 person-years for diag-
nostic examinations. The adjusted hazard ratio 
of 0.52 suggests that physicians who increase 
their adenoma detection rate from less than 19% 
(the lowest quintile) to 34 to 53% (the highest 
quintile) might prevent 1 additional interval can-
cer over the next 10 years for every 213 colonos-
copies performed.

The association between the adenoma detec-
tion rate and the risk of interval cancer was ob-
served both among women (hazard ratio with 
quintile 5 vs. quintile 1, 0.43; 95% CI, 0.28 to 0.66) 
and among men (hazard ratio, 0.60; 95% CI, 0.42 
to 0.88). There was no significant interaction ac-
cording to sex (P = 0.23) (Table S2 in the Supple-
mentary Appendix).

There was an inverse association between the 
adenoma detection rate and the subsequent risks 
of cancer in the proximal colon (hazard ratio with 
quintile 5 vs. quintile 1, 0.49; 95% CI, 0.35 to 
0.69), cancer in the distal colon (hazard ratio, 0.55; 
95% CI, 0.39 to 0.79), early cancer (hazard ratio, 
0.40; 95% CI, 0.23 to 0.68), and delayed cancer 
(hazard ratio, 0.61; 95% CI, 0.39 to 0.96) (Table 
S2 in the Supplementary Appendix).

Risk of Advanced-Stage and Fatal Interval 
Cancers

For patients of physicians with rates in the high-
est quintile of adenoma detection rates, as com-
pared with patients of physicians with rates in 
the lowest quintile, the risk of receiving a diag-
nosis of advanced-stage interval colorectal cancer 
was reduced by 57% (hazard ratio, 0.43; 95% CI, 
0.29 to 0.64) (Fig. 2B) and the risk of a fatal in-
terval colorectal cancer was reduced by 62% (haz-
ard ratio, 0.38; 95% CI, 0.22 to 0.65) (Fig. 2C). 
Each 1% increase in the adenoma detection rate 
was associated with a 5% decrease in the risk of 
a fatal interval colorectal cancer (hazard ratio, 
0.95; 95% CI, 0.94 to 0.97) within the observed 
range of adenoma detection rates.

Discussion

A physician’s adenoma detection rate, derived from 
screening examinations, is recommended as a 
measure of the quality of colonoscopic examina-
tion, but the relationship of the adenoma detec-
tion rate to the subsequent risks of colorectal 
cancer and death has been unclear. Our study, 
which involved 136 gastroenterologists, more 
than 250,000 colonoscopies, and 712 cases of in-
terval cancer diagnosed during a 10-year follow-
up period, showed a strong inverse association 
between the adenoma detection rate and the risk 
of interval cancer in a dose-dependent fashion, 
within the observed range of adenoma detection 
rates. Higher detection rates also predicted de-
creased risks of advanced-stage disease, fatal inter-
val cancer, both early and delayed interval cancers, 
and cancers in both the proximal and distal colon. 
In separate analyses according to the indication 
for colonoscopy (i.e., screening, surveillance, or 
diagnosis), higher adenoma detection rates also 
predicted decreased risks of interval cancers.

The current study adds to our knowledge of 
how variation in the performance of colonosco-
py may influence its effectiveness with respect to 
cancer detection and prevention. A prior study of 
42 interval cancers in a Polish screening program 
also evaluated the relationship between the ade-
noma detection rate for colonoscopy and the risk 
of interval cancer; that study showed that adeno-
ma detection rates of less than 20% and rates of 

Table 2. Adenoma Detection Rate and Risk of an Interval Colorectal Cancer 
among All Patients.

Adenoma Detection Rate
Interval 
Cancer

Hazard Ratio 
(95% CI)*

Unadjusted 
Risk

no. of  
cases

no. of cases/ 
10,000  

person-yr

Continuous rate 712 0.97 (0.96–0.98) 7.7

Rate quintile

Quintile 1: 7.35–19.05% 186 1.00 (reference) 9.8

Quintile 2: 19.06–23.85% 144 0.93 (0.70–1.23) 8.6

Quintile 3: 23.86–28.40% 139 0.85 (0.68–1.06) 8.0

Quintile 4: 28.41–33.50% 167 0.70 (0.54–0.91) 7.0

Quintile 5: 33.51–52.51% 76 0.52 (0.39–0.69) 4.8

* Hazard ratios were adjusted for age, Charlson comorbidity score, sex (in the 
model including both men and women), and indication for colonoscopy, with 
clustering according to physician.
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Figure 2. Hazard Ratios for Colorectal Cancer, According to Quintile of Adenoma Detection Rates.

Data were adjusted for sex, age, Charlson comorbidity index score, and indication for colonoscopy, with clustering according to physician. 
Vertical lines indicate 95% confidence intervals. HR denotes hazard ratio.
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20% or higher differed in predicting the risk of 
interval cancer.21 Although the study represent-
ed an important advance, it was limited by a 
relatively small number of cancers, with no data 
on deaths, a maximum follow-up of 5 years, and 
a low percentage of physicians with an adenoma 
detection rate of 20% or higher (14%, vs. >80% 
for physicians in the current study).21 Two addi-
tional studies have evaluated the relationship be-
tween the rate of colonoscopic polypectomy (with-
out pathological classification of polyps) and the 
risk of interval cancers over a 3-year period: one 
study showed an inverse association29; the other 
study showed an inverse association only for 
cancer in the proximal colon.30 The polypectomy 
rate alone, however, is difficult to use as a qual-
ity metric because of the potential subjectivity of 
assigning polyp status in the absence of histo-
logic findings.30 Finally, a recent study showed 
an inverse relationship between the adenoma de-
tection rate with flexible sigmoidoscopy and the 
risk of an interval cancer in the distal colon.31

The association between the adenoma detection 
rate and the risk of interval cancer is presumed to 
be due to the enhanced detection of precancerous 
adenomas. However, other factors such as the 
completeness of polyp removal may be involved.32 
If physicians with lower adenoma detection rates 
are also less likely to completely resect polyps, the 
increase in the subsequent risk of cancer among 
their patients may be due in part to incomplete 
resection rather than decreased detection alone. 
Higher adenoma detection rates may also lead to 
more frequent surveillance. However, increased 
detection of asymptomatic cancers (and, therefore, 
total interval cancers) might be expected in pa-
tients undergoing enhanced surveillance. In con-
trast, we found fewer interval cancers in patients 
of physicians with higher adenoma detection rates.

The current analyses also add to our knowl-
edge about the timing of interval cancers: two 
thirds of such cancers in our study were diag-
nosed more than 3 years after the index colonos-
copy, and we would expect this proportion to be 
even larger if all the patients had undergone 10 
years of follow-up. Previous studies have focused 
primarily on cancers occurring within 3 to 5 years 
after the colonoscopic examination; rapidly pro-
gressing adenomas or cancers that were present 
but not detected at the time of colonoscopy 
would presumably account for these interval 

cancers.15,21,29,30,33-41 The number of cancers de-
tected in this study is similar to or lower than 
the numbers observed in other studies (which of-
ten evaluated cancers over a shorter period).29,30 
Interval cancers accounted for only 8.2% of all 
colorectal cancers detected in our study cohort, 
and the absolute risk of an interval cancer was 
relatively low (9.8 interval cancers per 10,000 per-
son-years of follow-up in quintile 1 of adenoma 
detection rates and 4.8 interval cancers per 10,000 
person-years of follow-up in quintile 5). A pre-
liminary modeling study has suggested that these 
differences in detection may influence the effec-
tiveness of colonoscopic screening programs.42

Possible limitations of our study include an in-
ability to adjust for other risk factors (e.g., bowel 
preparation and the extent of the colonoscopic 
examination) and an inability to compare proce-
dure-related complications among quintiles of 
adenoma detection rates. A prior study based on a 
manual (not electronic) record review of data from 
Kaiser Permanente Northern California showed 
perforation rates of 1.1 per 1000 colonoscopies 
that included biopsy or polypectomy and 0.6 per 
1000 colonoscopies that did not include biopsy 
or polypectomy. There were also 4.8 occurrences 
of postprocedure bleeding per 1000 colonosco-
pies that included biopsy or polypectomy.43

In conclusion, in a large community-based U.S. 
population across multiple medical centers, phy-
sicians’ adenoma detection rates were inversely 
related to the risk of interval colorectal cancer, 
including advanced-stage cancer and fatal inter-
val colorectal cancer, among patients with up to 
10 years of follow-up. This association was ap-
proximately linear across quintiles of adenoma 
detection rates in our population and was observed 
for male and female patients, cancers in the proxi-
mal and distal colon, and early and delayed inter-
val cancers. These findings support the validity of 
the adenoma detection rate as a quality measure 
of physicians’ performance of colonoscopy in com-
munity practice.44 Studies to determine whether 
improving the adenoma detection rate leads to 
improved outcomes are warranted.20
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