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Temporal Trends and Risk Factors for Postcolonoscopy
Colorectal Cancer
Eugenia N. Uche-Anya, MD, MPH,* Nicole DeCuir, MD,*
and Benjamin Lebwohl, MD, MS*†

Background: Colonoscopy is effective for colorectal cancer (CRC) prevention, yet patients may develop CRC despite adhering to screening/
surveillance intervals. There are limited data on predictive factors associated with these postcolonoscopy CRCs (PCCRCs). We aimed to
measure PCCRC rates and identify risk factors for PCCRC.
Methods: We performed a case-control study, comparing patients
with PCCRCs to spontaneous CRCs diagnosed during a 12.5-year
period at an academic medical center. PCCRCs were deﬁned as
CRCs diagnosed in between guideline-recommended screening/
surveillance intervals.
Results: During the 12.5-year period, of 1266 CRCs diagnosed, 122
(10%) were PCCRCs. 70% of PCCRCs were diagnosed within
5 years of a prior colonoscopy. There was an increasing trend for
PCCRC rates in recent years [odds ratio (OR), 2.78; 95% conﬁdence
interval (CI), 1.51-5.09], with PCCRCs comprising 13.6% of cancers
diagnosed in 2016 as compared with 5.7% of cancers diagnosed in
2005. Older age (OR per year, 1.02; 95% CI, 1.01-1.04), proximal
colonic location (OR, 1.99; 95% CI, 1.20-3.33) and early stage (OR,
2.57; 95% CI, 1.34-4.95) were associated with PCCRCs. In total,
41% of PCCRCs were diagnosed by a different physician from the
physician who did the prior colonoscopy, and 42% of physicians did
not diagnose any of their PCCRC cases.
Conclusions: PCCRC rates are rising in recent years, likely reﬂecting
the widespread adoption of colonoscopy as a primary screening
tool, and are more common in older patients and those with
proximal, early-stage tumors. The ﬁnding that a large proportion of
PCCRCs are diagnosed by a different physician raises the concern
that physicians are unaware of their own patients’ PCCRCs.
Key Words: postcolonoscopy colorectal cancer, interval colorectal
cancer, colorectal cancer prevention, colonoscopy quality, quality
improvement
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T

he incidence of colorectal cancer (CRC) and CRC deaths
in the United States is declining.1 This has been ascribed
to early detection and resection of precancerous lesions owing
to increased use of CRC screening.2–6 However, despite the
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demonstrated effectiveness of colonoscopy in reducing CRC
incidence and mortality, 1.8% to 9.0% of CRCs are diagnosed
within 6 to 36 months of a prior colonoscopy.7 These postcolonoscopy CRCs (PCCRCs) reﬂect the limitations of
screening efﬁcacy, as guidelines recommend a 10-year screening interval following a negative colonoscopy.8 The association
between PCCRC risk and several clinical, demographic,
physician, and colonoscopy-quality factors have been studied
in the literature with variable results.7,9–14 Studying this phenomenon is further compounded by the lack of well-deﬁned
systems to inform physicians about their PCCRC cases.
Notiﬁcation of a physician that he or she has a patient who
developed a PCCRCs may be difﬁcult given the sensitivity of
the issue. For this reason, as well as the fragmented nature of
medical care in many parts of the United States, physicians
may be unaware of their own PCCRC rates; the adenoma
detection rate is therefore utilized as a surrogate marker, given
its association with the risk of PCCRC.15,16
In this study we aimed to identify demographic and
clinical variables associated with PCCRC risk at an academic medical center, and to measure trends in PCCRC
development over time.

METHODS
We analyzed the electronic medical records of 2101
patients who were diagnosed with colorectal adenocarcinoma at
Columbia University Medical Center during the 12.5-year
period spanning September 2004 to March 2017. Patients who
had their adenocarcinoma diagnosis via colonoscopy at another
medical institution, a history of familial adenomatous polyposis,
hereditary nonpolyposis CRC, inﬂammatory bowel disease, or
previous colorectal malignancy were excluded from the study.
In addition, we excluded patients with polyps on a prior colonoscopy that were not resected due to anticoagulant use; and
those with a prior CRC screening modality that was not a
colonoscopy. Similar to the analysis by Kaminski et al,15 a
PCCRC was deﬁned as a colorectal malignancy diagnosed
within 6 to 120 months after a negative colonoscopy (no adenomas), 6 to 60 months after a colonoscopy with 1-2 nonadvanced adenomas or 6 to 36 months after a colonoscopy with
3 to 10 adenomas. Otherwise, the malignancy was classiﬁed as a
spontaneous CRC (SCRC) (Fig. 1).

Exposures
When comparing cases (PCCRC) to controls (SCRC)
we investigated demographic, clinical, and colonoscopyrelated factors. Patient variables include age, sex, race,
ethnicity, and insurance status. Clinical variables include
tumor location, tumor stage, microsatellite instability (MSI)
status when available, year of diagnosis, and indication for
colonoscopy. We also examined colonoscopy-related variables; this secondary analysis was restricted to those patients
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FIGURE 1. Inclusion and exclusion algorithm. FAP indicates familial adenomatous polyposis; HNPCC, hereditary nonpolyposis colrectal
cancer; IBD, inflammatory bowel disease; PCCRCs, postcolonoscopy colorectal cancers; SCRCs, spontaneous colorectal cancers.

who had a prior colonoscopy, consisting of all PCCRC cases,
and those SCRC cases who had a remote colonoscopy; in that
subset we considered the adequacy of bowel preparation,
colonoscopy completion, physician specialty, interval between
colonoscopies, presence of adenoma (conﬁrmed via review of
pathology reports) and the presence of diverticulosis.
We used χ2 and Fisher exact tests for the univariate
analysis and a logistic regression model for the multivariate
analysis. We used SAS version 9.4 (Cary, NC) for all analyses.
This study was approved by the Institutional Review Board of
Columbia University Medical Center.

RESULTS
There were 1,266 patients with colorectal adenocarcinoma who met the inclusion criterion for the analysis
(Fig. 1). In total, 122 patients (9.6%) had PCCRC while
1144 (90.4%) had SCRC. The demographic characteristics
of patients with PCCRC and SCRC are listed in Table 1.
There was no statistically signiﬁcant difference between the
distribution of sex and ethnicity between the PCCRC and
SCRC groups. The PCCRC group had an older mean age
compared with the SCRC group (72.91 vs. 68.34 y;
P = 0.0006). In total, 10.6% (n = 121) of SCRC cases were
diagnosed in patients younger than 50 years. The proportion
of cancers that were PCCRC was lower among black
patients compared with white patients (4.86% vs. 11.53%;
P = 0.0187). This association persisted after adjusting for
covariates [odds ratio (OR), 0.45; 95% conﬁdence interval
(CI), 0.22-0.95]. Regardless of PCCRC status, black patients

were statistically less likely to have ever undergone a prior
colonoscopy (OR, 0.52; 95% CI, 0.29-0.92). Similarly, the
proportion of PCCRCs was also lower among patients
enrolled in Medicaid compared with non-Medicaid patients
(P = 0.025). However, after adjusting for covariates, this
association was no longer statistically signiﬁcant.

Clinical Characteristics
The clinical characteristics of PCCRC cases and SCRC
cases are detailed in Table 2. On multivariable analysis,
PCCRC cases were more likely to be early-stage cancers at
diagnosis (OR, 2.57; 95% CI, 1.34-4.95). When restricted to
PCCRC cases, there was no association between stage at
presentation and year of diagnosis (P = 0.4401). PCCRC cases
were more likely to be located in the proximal colon than in
the distal colon (OR, 1.99; 95% CI, 1.20-3.33). The number of
PCCRC diagnoses was higher in recent years when compared
with base year interval of 2004 to 2007 (OR, 2.78; 95% CI,
1.51-5.09). There was no statistically signiﬁcant difference in
the percentage of cancers with MSI in PCCRC versus SCRC
cases; however, MSI testing was not performance in 86% of
patients included in the study. Although the presence of
diverticulosis was associated with PCCRC status, this was no
longer statistically signiﬁcant on multivariate analysis.

Prior Colonoscopy-related Measures
A median of 5258 colonoscopies were performed yearly
at the center (range, 4911 to 5904). Among the subset of
patients with CRC who had any prior colonoscopy, the
characteristics of prior colonoscopies for PCCRC cases and
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TABLE 1. Patient Demographic Characteristics for Postcolonoscopy Colorectal Cancer Cases Versus Spontaneous Colorectal
Cancer Cases

Univariate Analysis
Variables

PCCRC Cases
(N = 122) [n (%)]

Multivariate Analysis

SCRC Cases
(N = 1144) [n (%)]

Age (reference:
72.9098
50, 59) (y)
< 50
1 (0.82)
50-59
11 (5.67)
60-69
38 (12.67)
70-79
37 (11.01)
> 80
35 (11.15)
Gender (reference: male)
Male
58 (9.72)
Female
64 (9.57)
Race (reference: white)
White
71 (11.53)
Black
9 (4.86)
Other/unknown
42 (9.03)
Ethnicity (reference: non-Hispanic)
Non-Hispanic
66 (10.30)
Hispanic
22 (8.06)
Unknown
34 (9.66)
Insurance (reference: non-Medicaid)
Non-Medicaid
121 (10.05)
Medicaid
1 (1.61)

Adjusted Odds Ratio (95% CI)
(PCCRC:SCRC)*

P

0.0006

1.021 (1.004-1.037)

0.0131

(99.18)
(94.33)
(87.33)
(88.99)
(88.85)

< 0.0001

0.163 (0.021-1.291)
1
2.162 (1.053-4.436)
1.725 (0.840-3.545)
1.732 (0.829-3.616)

0.0857
0.0356
0.1378
0.1438

539 (90.28)
605 (90.43)

0.9287

1
0.986 (0.663-1.468)

0.9463

545 (88.47)
176 (95.14)
423 (90.97)

0.0187

1
0.454 (0.217-0.948)
0.743 (0.420-1.315)

0.0356
0.3078

575 (89.70)
251 (91.94)
318 (90.34)

0.5766

1
0.912 (0.526-1.582)
1.150 (0.617-2.142)

0.7437
0.6593

1083 (89.95)
61 (98.39)

0.0248

1
0.236 (0.032-1.765)

0.1597

68.3409
121
183
262
299
279

P

Bold value indicates statistically signiﬁcant.
*Logistic regression model included the following variables: age, gender, race, ethnicity, insurance, tumor stage, tumor location, diverticulosis, microsatellite
instability status, and year of diagnosis.
CI indicates conﬁdence interval; PCCRC, postcolonoscopy colorectal cancer; SCRC, spontaneous colorectal cancer.

TABLE 2. Clinical Characteristics for Postcolonoscopy Colorectal Cancer Cases Versus Spontaneous Colorectal Cancer Cases

Univariate Analysis
Variables

PCCRC Cases
(N = 122) [n (%)]

Tumor stage (reference: stage 4)
Stage 0 and stage 1
52 (14.02)
Stage 2
30 (12.00)
Stage 3
17 (6.32)
Stage 4
13 (5.46)
Unknown
10 (7.25)
Tumor location (reference: distal colon)
Proximal colon
79 (13.96)
Distal colon
23 (7.08)
Rectum and
20 (5.81)
rectosigmoid junction
Unknown
0 (0.00)
Diverticulosis (reference: absence)
Absence
96 (8.76)
Presence
26 (15.29)
MSI status (reference: APC pathway)
APC pathway
14 (10.37)
MSI pathway
4 (10.53)
Unknown
104 (9.52)
Year of diagnosis (reference: 2007, 2004)
2004-2007
20 (5.70)
2008-2011
39 (10.18)
2012-2014
38 (12.67)
2015-2017
25 (10.78)

SCRC Cases
(N = 1144) [n (%)]
319
220
252
225
128

Multivariate Analysis
P

(85.98)
(88.00)
(93.68)
(94.54)
(92.75)

0.0008

487 (86.04)
302 (92.92)
324 (94.19)

< 0.0001

Adjusted Odds Ratio (95% CI)
(PCCRC: SCRC)*
2.573 (1.338-4.949)
2.130 (1.057-4.291)
1.144 (0.530-2.466)
1
1.408 (0.581-3.414)

P
0.0046
0.0343
0.7320
0.4484

1.999 (1.200-3.328)
1
0.786 (0.416-1.484)

0.4572

1
1.197 (0.724-1.979)

0.4832

1
0.748 (0.218-2.563)
1.052 (0.554-1.998)

0.6441
0.8758

1
2.345 (1.211-4.543)
2.776 (1.514-5.092)
1.997 (1.115-3.575)

0.0115
0.0010
0.0200

0.0078

31 (100.00)
1000 (91.24)
144 (84.71)

0.0072

121 (89.63)
34 (89.47)
989 (90.48)

0.8714

331
344
262
207

0.0195

(94.30)
(89.82)
(87.33)
(89.22)

Bold value indicates statistically signiﬁcant.
*Logistic regression model included the following variables: age, gender, race, ethnicity, insurance, tumor stage, tumor location, diverticulosis, MSI status, and
year of diagnosis.
APC indicates adenomatous polyposis coli gene; CI, conﬁdence interval; MSI, microsatellite instability; PCCRC, postcolonoscopy colorectal cancer; SCRC,
spontaneous colorectal cancer.
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TABLE 3. Characteristics of Prior Colonoscopies in Postcolonoscopy Colorectal Cancer Cases Versus Spontaneous Colorectal
Cancer Cases

Univariate Analysis
Variables

PCCRC Cases
(N = 122) [n (%)]

Interval (y)
Early interval ( ≤ 5)
86 (70.49)
Late interval ( > 5)
36 (29.51)
Indication (reference: screening)
Screening
44 (36.07)
Surveillance
29 (23.77)
Diagnostic
42 (34.43)
Therapeutic
5 (4.10)
Unknown
2 (1.64)
Bowel preparation (reference: adequate)
Adequate
67 (54.92)
Inadequate
18 (14.75)
Unknown
37 (30.33)
Colonoscopy completion (reference: cecal intubation)
Cecal intubation
115 (94.26)
No cecal intubation
6 (4.92)
Unknown
1 (0.82)
Diverticulosis (reference: absence)
Absence
57 (46.72)
Presence
65 (53.28)
Physician specialty (reference: gastroenterologist)
Gastroenterologist
112 (91.80)
Colorectal surgeon
3 (2.46)
General surgeon
7 (5.74)
Adenoma (reference: absence)
Presence
49 (40.16)
Absence
73 (59.84)
Variables
PCCRC Cases
(N = 49)

Multivariate Analysis

SCRC Cases
(N = 41) [n (%)]
3 (7.32)
37 (92.68)
12
7
20
0
2

P

Adjusted Odds Ratio (95% CI)
(PCCRC:SCRC)*

P

< 0.0001

(29.27)
(17.07)
(48.78)
(0.00)
(4.88)

0.2272

9 (21.95)
3 (7.32)
29 (70.73)

< 0.0001

40 (97.56)
1 (2.44)
0 (0.00)

0.7605

20 (48.78)
21 (51.22)

0.8193

36 (87.80)
1 (2.44)
4 (36.36)

0.6115

27 (65.85)
14 (34.15)
SCRC Cases
(N = 27)

0.0092
P

1
2.033 (0.532-7.773)

0.2997

0.740 (0.266-2.058)

0.5642

1
0.435 (0.089-2.133)
0.114 (0.040-0.326)

0.3047
< 0.0001

1
3.412 (0.277-42.03)

0.3381

1
0.818 (0.329-2.035)

0.6654

1
0.331 (0.020-5.382)
0.275 (0.045-1.658)

0.4372
0.1589

0.224 (0.087-0.574)
1
Odds ratio (95% CI) (PCCRC:SCRC)

0.0019
P

Aspects of prior colonoscopies with adenomas in post colonoscopy colorectal cancer cases versus spontaneous colorectal cancer cases
Cancer site (reference: different site)
Same site as adenoma
20 (40.82)
10 (37.04)
0.7470
1.172 (0.446-3.083)
0.7471
Different site from
29 (59.18)
17 (62.96)
1
adenoma
Bold value indicates statistically signiﬁcant.
*Logistic regression model included the following variables: age, gender, race, ethnicity, indication, bowel preparation, colonoscopy completion, diverticulosis, physician specialty and adenoma.
CI indicates conﬁdence interval; PCCRC, postcolonoscopy colorectal cancer; SCRC, spontaneous colorectal cancer.

SCRC cases are described in Table 3. The majority of
PCCRC cases (70%) occurred within 5 years of a prior
colonoscopy (Fig. 2). Patients with PCCRCs were less likely
to have had an adenoma on prior colonoscopy in comparison with patients with SCRCs who had a remote prior
colonoscopy (OR, 0.22; 95% CI, 0.087-0.574). In PCCRC
cases with adenomas on prior colonoscopy (N = 49), the
majority of the cancers (59.18%) were located at a site different from that of the adenoma. Among PCCRC and
SCRC cases, the distributions for screening and surveillance
indications for prior colonoscopies were similar. The distribution of colonoscopy completion rates, physician specialty,
and diverticulosis rates were similar among PCCRC cases and
SCRC cases.
Of all of the PCCRC cases, 31.2% had prior colonoscopies performed by 3 physicians who were performing
colonoscopies throughout the entire study period (Table 4).
Among all 8 physicians who were active throughout the
study period, the proportions of PCCRC cases and SCRC
cases were similar (P = 0.3899). In total, 59% of PCCRC

cases in the study were diagnosed by the same physician who
performed the prior colonoscopy. There was a large variability in the proportion of self-diagnosed PCCRC cases
among physicians. Notably, 13 of 31 physicians (42%) did
not diagnose any of their subsequent PCCRC cases.

DISCUSSION
With the widespread adoption of colonoscopy as a screening tool for CRC, an increase in the occurrence of PCCRCs may
be anticipated. This may explain our ﬁnding of an increase in the
percentage of CRCs that were PCCRCs in recent years (Fig. 3).
In total, 5.74% of CRCs in 2005 were PCCRCs, whereas 13.93%
were PCCRCs in 2016. A Canadian population-based study
found that there was no decline in PCCRC rates between 1996
and 2010.17 In the United States, where colonoscopy is frequently
used as a primary screening modality, it may be anticipated that
there would be an increase in proportion of PCCRCs, even as the
overall incidence of CRC declines. Understanding the characteristics of PCCRCs will be helpful in identifying risk factors for
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FIGURE 2. Colonoscopy interval before PCCRC diagnosis (months). PCCRC indicates postcolonoscopy colorectal cancer.

PCCRCs, devising quality improvement strategies, and ultimately, curbing the rising incidence of PCCRCs.
We found that older patients had higher odds of having
a PCCRC. This result is corroborated by several studies in
the literature that have found an association between
advanced age and risk of PCCRC.7,13,15,18–21 Proposed
explanations for the positive association between age and
PCCRC risk include an increased likelihood of morbidities
such as diverticulosis which could impair colonoscopy
visualization.7 However, in this study, neither diverticulosis
on prior colonoscopy nor diverticulosis on the colonoscopy
that diagnosed the cancer were predictors of PCCRC risk.
Most screening guidelines recommend that CRC
screening begin at age 50.8,22 We found nearly 10% of CRC
TABLE 4. Proportion of Postcolonoscopy Colorectal Cancer Cases
For Long-term Providers*

Provider
A
B
C
D
E
F
G
H
I

PCCRC
Cases

SCRC
Cases

Total
CRC
Cases

PCCRC
Proportion

11
15
12
7
2
6
7
1
1

3
6
4
2
2
4
2
4
1

14
21
16
9
4
10
9
5
2

0.79
0.71
0.75
0.78
0.50
0.60
0.78
0.20
0.50

P
0.3899

*A long-term provider is deﬁned as a provider who performed colonoscopies throughout the entire study period, that is, from September 2004 and
March 2017.
CRC indicates colorectal cancer; PCCRC, postcolonoscopy colorectal
cancer; SCRC, spontaneous colorectal cancer.

cases included in this study occurred in patients younger than
50 (age range, 22 to 49). All but one of the CRC cases diagnosed in this subpopulation were spontaneous (the PCCRC
case was in a patient who was undergoing colonoscopy before
50 years of age due to a family history of CRC). Approximately 53% of these patients presented with advanced disease
(ie, stage 3 or 4). The increase in CRC incidence among
patients younger than 50 has also been recently reported in the
literature.23–25 Our ﬁndings suggest that even if PCCRCs were
effectively prevented, 10% of CRCs would still develop in the
presence of current screening guidelines.
A large population-based cohort study of Medicare beneﬁciaries found that the risk of PCCRCs was signiﬁcantly elevated in black patients when compared with white patients.12
In addition, it was previously reported that black patients were
more likely to have their prior colonoscopies performed by
physicians with lower polyp detection rates, which contributed
to increased PCCRC risk.12 Surprisingly, in this study, we
found that black patients had a lower risk of developing
PCCRCs than white patients (OR, 0.45; 95% CI, 0.22-0.95).
However, black patients in this study were signiﬁcantly less
likely to ever have a prior screening colonoscopy compared
with white patients (OR, 0.52; 95% CI, 0.29-0.92). A possible
explanation is a disparity in access to colonoscopy screening
for black populations. Studies have shown that black patients
are more likely to receive health care in underresourced
settings.12,26,27 Similarly, Medicaid patients were less likely
than non-Medicaid patients to develop a PCCRC; however,
this association did not persist after controlling for covariates.
We found that PCCRCs were more likely than SCRCs to
be early stage at diagnosis (P = 0.0008). PCCRCs were also
more likely to be located in the proximal colon compared with
the distal colon (OR, 1.99; 95% CI, 1.20-3.33). This ﬁnding has
been well documented in the literature.7,11,14,19 Various
explanations have been proposed for why PCCRCs are more
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FIGURE 3. Colorectal cancer cases by year. PCCRC indicates postcolonoscopy colorectal cancer.

likely to be located in the proximal colon. Some studies show
that CRCs in the proximal colon are more likely to demonstrate MSI.9,10 However, data on the association between MSI
and the risk of PCCRC are conﬂicting.9,28,29 In this study, 79%
of cancers with MSI were located in the proximal colon, and
we found no association between MSI and PCCRC risk. Of
note, 86% of patients in our study did not have MSI testing
performed, making our results difﬁcult to interpret. Another
explanation for proximally located PCCRCs is the ﬁnding that
proximally located neoplasms are smaller, ﬂatter and therefore, easier to miss.13,30
We found that 70% of PCCRCs were diagnosed within
5 years of a prior colonoscopy. These data imply that the
practice of shortening a recommendation of 10 years to
5 years after a normal screening colonoscopy in an averagerisk individual would not be effective at preventing most
PCCRCs. Proposed mechanisms underlying the development of PCCRCs include missed lesions, inadequate adenoma resection, failed biopsy, and new rapidly growing
neoplasms.7,13 In this study, we found that patients with
PCCRCs were signiﬁcantly less likely than patients with
SCRCs to have an adenoma identiﬁed on a prior colonoscopy (OR, 0.22; 95% CI, 0.09-0.57). In addition, among
PCCRCs, ~60% of the adenomas detected on the prior
colonoscopy were located in a site different from the location of the eventual cancer. This ﬁnding favors a missed
lesion as the most common etiology of PCCRCs. In a
pooled multicohort study, missed lesions were found to be
responsible for 52% of PCCRCs.13 The notion that most
PCCRCs are missed lesions is supported by 2 large studies
that found that adenoma detection rate has been found to be

an independent predictor of PCCRC risk.15,16 Although
31% of all PCCRCs were limited to 3 long-term physicians
who were active throughout the study period, the ratio of
PCCRCs to SCRCs was similar among all 8 long-term
physicians (P = 0.3899). This suggests that clustering is
related not to physician effects, but rather, the fact that these
physicians had performed more colonoscopies.
Strengths of this study include its long follow-up time
and the availability of records for conﬁrmation of adenomas,
diverticulosis, and other clinical details. This study also has a
number of limitations. Patients may have received prior
colonoscopies from other health facilities, resulting in misclassiﬁcation of PCCRC status. Data for this study were
obtained from the electronic medical record, which was
incomplete for certain variables such as bowel preparation,
serrated adenomas, adenoma resection methods, and particularly for MSI; molecular characteristics of CRCs have been
shown to be associated with PCCRCs.4,9,10,21,31–34 The
paucity of prior remote colonoscopies for SCRCs limited our
analysis of technical factors associated with PCCRC risk.
In conclusion, we found that PCCRC rates are rising in
recent years, likely reﬂecting the widespread adoption of
colonoscopy as a primary screening tool, and are more common in older patients and those with proximal, early-stage
tumors. Our results corroborate the ﬁndings that PCCRCs are
more likely to be early stage and located in the proximal colon.
The ﬁnding that a large proportion of PCCRCs are diagnosed
by a different physician raises the concern that physicians are
unaware of their own patients’ PCCRCs. Developing a systematized nonjudgmental PCCRC notiﬁcation system would
be helpful in measuring PCCRC rates and improving
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colonoscopy quality. Optimizing colonoscopy quality is an
important tool for reducing PCCRC burden, especially as our
study demonstrates an increasing proportion of PCCRCs in
recent years.
REFERENCES
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA
Cancer J Clin. 2017;67:7–30.
2. Siegel RL, Ward EM, Jemal A. Trends in colorectal cancer
incidence rates in the United States by tumor location and
stage, 1992-2008. Cancer epidemiology, biomarkers & prevention: a publication of the American Association for Cancer
Research, cosponsored by the American Society of Preventive.
Oncology. 2012;21:411–416.
3. Lieberman DA, Weiss DG, Bond JH, et al. Use of colonoscopy to
screen asymptomatic adults for colorectal cancer. Veterans Affairs
Cooperative Study Group 380. N Engl J Med. 2000;343:162–168.
4. Nishihara R, Wu K, Lochhead P. Long-term colorectal-cancer
incidence and mortality after lower endoscopy. N Engl J Med.
2013;369:1095–1105.
5. Zauber AG, Winawer SJ, O’Brien MJ. Colonoscopic polypectomy and long-term prevention of colorectal-cancer deaths.
N Engl J Med. 2012;366:687–696.
6. Singh H, Turner D, Xue L, et al. Risk of developing colorectal
cancer following a negative colonoscopy examination: evidence
for a 10-year interval between colonoscopies. JAMA. 2006;295:
2366–2373.
7. Singh S, Singh PP, Murad MH, et al. Prevalence, risk factors,
and outcomes of interval colorectal cancers: a systematic review
and meta-analysis. Am J Gastroenterol. 2014;109:1375–1389.
8. Rex DK, Johnson DA, Anderson JC. American College of
Gastroenterology guidelines for colorectal cancer screening
2009 [corrected]. Am J Gastroenterol. 2009;104:739–750.
9. Arain MA, Sawhney M, Sheikh S. CIMP status of interval
colon cancers: another piece to the puzzle. Am J Gastroenterol.
2010;105:1189–1195.
10. Sawhney MS, Farrar WD, Gudiseva S. Microsatellite instability
in interval colon cancers. Gastroenterology. 2006;131:1700–1705.
11. Samadder NJ, Curtin K, Tuohy TM. Characteristics of missed
or interval colorectal cancer and patient survival: a populationbased study. Gastroenterology. 2014;146:950–960.
12. Fedewa SA, Flanders WD, Ward KC. Racial and ethnic
disparities in interval colorectal cancer incidence: a populationbased cohort study. Ann Intern Med. 2017;166:857–866.
13. Robertson DJ, Lieberman DA, Winawer SJ. Colorectal cancers
soon after colonoscopy: a pooled multicohort analysis. Gut.
2014;63:949–956.
14. Baxter NN, Sutradhar R, Forbes SS, et al. Analysis of administrative
data finds endoscopist quality measures associated with postcolonoscopy colorectal cancer. Gastroenterology. 2011;140:65–72.
15. Kaminski MF, Regula J, Kraszewska E. Quality indicators for
colonoscopy and the risk of interval cancer. N Engl J Med.
2010;362:1795–1803.



Volume 53, Number 8, September 2019

16. Corley DA, Jensen CD, Marks AR. Adenoma detection rate
and risk of colorectal cancer and death. N Engl J Med. 2014;
370:1298–1306.
17. Murthy SK, Benchimol EI, Tinmouth J. Temporal trends in
postcolonoscopy colorectal cancer rates in 50- to 74-year-old
persons: a population-based study. Gastrointest Endosc. 2018;87:
1324–1334.e4.
18. Brenner H, Chang-Claude J, Seiler CM, et al. Interval cancers
after negative colonoscopy: population-based case-control
study. Gut. 2012;61:1576–1582.
19. Cooper GS, Xu F, Barnholtz Sloan JS, et al. Prevalence and
predictors of interval colorectal cancers in medicare beneficiaries. Cancer. 2012;118:3044–3052.
20. Richter JM, Campbell EJ, Chung DC. Interval colorectal cancer
after colonoscopy. Clin Colorectal Cancer. 2015;14:46–51.
21. Stoffel EM, Erichsen R, Frøslev T. Clinical and molecular
characteristics of post-colonoscopy colorectal cancer: a population-based study. Gastroenterology. 2016;151:870–878.e3.
22. Rex DK, Boland CR, Dominitz JA, et al. Colorectal cancer
screening: recommendations for physicians and patients from
the U.S. Multi-Society task force on colorectal cancer. Gastroenterology. 2017;153:307–323.
23. Siegel RL, Fedewa SA, Anderson WF. Colorectal cancer
incidence patterns in the United States, 1974-2013. J Natl
Cancer Inst. 2017;109:8.
24. Amri R, Bordeianou LG, Berger DL. The conundrum of the
young colon cancer patient. Surgery. 2015;158:1696–1703.
25. Gandhi J, Davidson C, Hall C. Population-based study
demonstrating an increase in colorectal cancer in young
patients. Br J Surg. 2017;104:1063–1068.
26. Rauscher GH, Allgood KL, Whitman S, et al. Disparities in
screening mammography services by race/ethnicity and health
insurance. J Womens Health (2002). 2012;21:154–160.
27. Bach PB, Pham HH, Schrag D, et al. Primary care physicians
who treat blacks and whites. N Engl J Med. 2004;351:575–584.
28. Farrar WD, Sawhney MS, Nelson DB, et al. Colorectal cancers
found after a complete colonoscopy. Clin Gastroenterol Hepatol.
2006;4:1259–1264.
29. Erichsen R, Baron JA, Stoffel EM, et al. Characteristics and
survival of interval and sporadic colorectal cancer patients: a
nationwide population-based cohort study. Am J Gastroenterol.
2013;108:1332–1340.
30. le Clercq CM, Bouwens MW, Rondagh EJ. Postcolonoscopy
colorectal cancers are preventable: a population-based study.
Gut. 2014;63:957–963.
31. Shaukat A, Arain M, Anway R, et al. Is KRAS mutation
associated with interval colorectal cancers? Dig Dis Sci. 2012;
57:913–917.
32. Richter JM, Pino MS, Austin TR. Genetic mechanisms in
interval colon cancers. Dig Dis Sci. 2014;59:2255–2263.
33. Baxter NN. Understanding postcolonoscopy colorectal cancers:
the next frontier. Gastroenterology. 2016;151:793–795.
34. Shaukat A, Arain M, Thaygarajan B, et al. Is BRAF mutation
associated with interval colorectal cancers? Dig Dis Sci. 2010;
55:2352–2356.

e340 | www.jcge.com
Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.
Copyright r 2018 Wolters Kluwer Health, Inc. All rights reserved.

