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BACKGROUND AND AIMS: Colonoscopy is imperfect for colo-
rectal cancer (CRC) prevention. Postcolonoscopy CRC (PCCRC)
is defined as CRC detected after a screening or surveillance
colonoscopy. PCCRCs can be divided into noninterval CRC and
interval CRC. We performed a case-control study to identify risk
factors for PCCRCs and to compare risks between noninterval
and interval PCCRCs. METHODS: We designed a retrospective
case-control study. Using a Vermont tumor registry data set, we
identified all PCCRCs diagnosed at our medical center from
January 2012 to September 2017. Cases were matched 1:3 with
controls of the same age, sex, and index colonoscopy date.
RESULTS: Fifty-four PCCRCs were matched with 162 controls
and divided into noninterval (N = 27) and interval (N = 27)
subsets. Overall PCCRC risk and noninterval PCCRC risk were
significantly associated with history of polyps (odds ratio [OR]
PCCRC = 2.71, OR noninterval = 4.41), sessile serrated polyps
(OR PCCRC = 3.94, OR noninterval = 5.79), and high-risk ad-
enoma (HRA) (OR PCCRC = 6.58, OR noninterval = 16.46) and
with the index colonoscopy having a large polyp (OR PCCRC =
4.45, OR noninterval = 10.46) or having an HRA (OR PCCRC =
3.68, OR noninterval = 8.04). PCCRC risk and interval PCCRC
risk were significantly associated with follow-up recommen-
dations that did not correlate with American Gastroenterolog-
ical Association surveillance guidelines (OR PCCRC = 3.30, OR
interval = 4.85). Approximately 30% of PCCRCs could be
attributed to endoscopic quality. CONCLUSION: Overall PCCRC
risk and noninterval PCCRC risk were significantly associated
with traditional CRC risk factors including precancerous polyps
and HRA on the index colonoscopy. Interval PCCRC was not
associated with these risk factors. Many PCCRCs can be
attributed to endoscopic quality, and nonadherence to CRC
surveillance guidelines may be a novel risk factor.
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Introduction

C olorectal cancer (CRC), the second leading cause of
cancer death in the United States,' can be prevented
by detection and removal of precancerous lesions by colo-
noscopy.”* Colonoscopy is considered the “gold standard”
for the removal of early-stage neoplasia, and cancer preven-
tion through screening and surveillance, however, is imper-
fect. Postcolonoscopy CRC (PCCRC) is defined as CRC

detected after a screening or surveillance colonoscopy in
which no cancer is found* and incidence estimates of PCCRC
range from 2.9% to 9%.”'° In 2018, the World Endoscopy
Organization (WEO) published a consensus statement on
PCCRC, standardizing the definition as a CRC developing
within 10 years of a colonoscopy. The WEO further divided
PCRRCs into noninterval CRC and interval CRC. Noninterval
CRC is defined as PCCRC identified at or after the recom-
mended screening or surveillance period, up to 10 years af-
ter the baseline, or “index”, colonoscopy. Interval CRC is
defined as PCCRC diagnosed before the next recommended
screening or surveillance examination."" Examples of these
subsets of PCCRC are shown in Figure 1. Understanding
the cause for PCCRC is important for its prevention. Com-
mon broad explanations for PCCRC include missed or
incompletely resected lesions at the time of colonoscopy,
incomplete colonoscopy examination, and alternate or
more aggressive biology. Causes related to colonoscopy
quality are potentially modifiable. Colonoscopy quality mea-
sures and endoscopic-related factors such as missed or
incompletely removed lesions have been linked to
PCCRC.>”**"'* The adenoma detection rate (ADR), a quality
metric reflecting the percentage of an endoscopist’s
screening colonoscopies in which an adenoma is detected,
has been inversely correlated with both PCCRC and mortal-
ity from PCCRC.">"'7 The other, nonmodifiable risk factors
for PCCRC that have been suggested include female
sex,'™'?  older patients,”'*'*'  prior diverticular
disease,™”1 92022 higher comorbidity score,>>1%:20 family
history of CRC,**?° proximal location of polyps (defined as
polyps in the cecum, ascending colon, hepatic flexure, or
transverse colon),””'*'*'%2% and larger polyps (>10
mm).” PCCRC has also been linked to tumor biology.®** %

Abbreviations used in this paper: ADR, adenoma detection rate; Cl, con-
fidence interval; CRC, colorectal cancer; FDR, first-degree relative; HP,
hyperplastic polyp; HRA, high-risk adenoma; MMR, mismatch repair; OR,
odds ratio; PCCRC, postcolonoscopy CRC; SSP, sessile serrated poly; TA,
tubular adenoma; UVMMC, University of Vermont Medical Center; WEO,
World Endoscopy Organization.
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Post-Colonoscopy Colorectal Cancer (PCCRC)

Cancers appearing after a colonoscopy in which no cancer is detected up to
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10 years

Interval PCCRC

Cancer is identified before the next
recommended screening / surveillance
examination

Interval Example

Patient with 2 small adenomas is advised
to return for surveillance in 5 years. 4
years later anemia develops and
colonoscopy reveals CRC

The degree of influence that these factors have on the devel-
opment of different PCCRC types remains to be determined.
To address this, we performed a study to confirm previously
known or identify new risk factors for PCCRCs and to iden-
tify differences between noninterval and interval PCCRCs
using the WEO classifications—to our knowledge, this has
not been previously performed. The WEO also proposed
an algorithm to standardize the possible explanations for
PCCRC (Figure 2),'" and we categorized our cases into plau-
sible PCCRC explanations as per this algorithm.

Methods
Study Setting and Design

We designed a retrospective case-control study. Using a
Vermont tumor registry data set, we identified all CRCs diag-
nosed at the University of Vermont Medical Center (UVMMC)
from January 2012 to September 2017, and data were extracted
from the UVMMC electronic medical record. This study was
approved by the UVMMC institutional review board.

Case and Control Identification

Patients with PCCRCs were included if they were >18 years
of age who had a prior colonoscopy within 10 years in which
no cancer was identified. The most recent prior colonoscopy
was considered the “index” colonoscopy. Exclusion criteria for
PCCRCs included patients with prior CRC, history of inflam-
matory bowel disease, index colonoscopy performed else-
where, known inadequate or incomplete polyp resection, or
history of hereditary CRC syndromes. Controls were identified
from a cohort of colonoscopies performed at the UVMMC from
2003 to 2017. The controls never had CRC, had colonoscopies
performed for screening purposes, and were still followed at
the UVMMC at the time they were identified (3/2019). For each
case, 3 controls of the same age and sex with colonoscopy
dates closest to the index colonoscopy of the case were
selected.

Non-interval Example

to return for surveillance in 3 years.
Patient misses this and returns 4 years

Non-interval PCCRC

Cancer is identified at or after a
recommended screening / surveillance
interval or where no subsequent interval
was recommended

Figure 1. Definitions of
. . . . PCCRC and its sub-
Patient with 3 small adenomas is advised divisions of interval

PCCRC and noninterval
later with CRC PCCRC with examples of
each.

Variables

Historical factors collected included known first-degree
relative (FDR) with CRC, history of cancer other than CRC
(non-CRC), history of tobacco or alcohol use, and history of
polyps on a prior colonoscopy whether it be during the index
colonoscopy or otherwise. For patients with a history of prior
polyps, additional variables were included about these polyps
such as if they were hyperplastic polyps (HPs) only, sessile
serrated polyps (SSPs), or high-risk adenomas (HRAs) defined
as >10 mm, villous histology, or high-grade dysplasia.

Index colonoscopy variables included whether a gastroen-
terologist performed the colonoscopy, bowel preparation,
whether a polyp was found, number of polyps found (0, 1, 2,
3+), location of polyp(s) (distal, proximal, or both distal and
proximal), largest polyp size category (<5 mm, 5-10 mm, >10
mm, or not reported), polyp histology (HP or other histology),
whether the polyp was an HRA, and detailed polyp histology
(tubular adenoma [TA], HP, SSP, TA + SSP, TA + HP, or other
histology). We also examined the concordance of the
endoscopist-recommended surveillance timeline with those
of the published American Gastroenterological Association
(AGA) guidelines’ (2012) interval recommendations after
colonoscopy.?®

WEO Definitions and Subgroups: Noninterval and
Interval PCCRC

We subdivided PCCRCs as per the WEQ’s consensus state-
ment definitions into noninterval or interval PCCRCs."" Defi-
nitions and examples can be seen in Figure 1.

Statistical Analysis

Conditional logistic regression comparing each PCCRC case
with its matched controls was used to assess associations of
patient history variables and findings on the index colonoscopy
with PCCRC risk while controlling for patient sex, age, and time
of index colonoscopy. Differences in the characteristics of
noninterval and interval PCCRCs were assessed by chi-square
tests.
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| Index Colonoscopy |
<4 years > 4 years
Group 1: Group 2: Group 3: Group 4: Likely | [ Group 5: likely
Possible Possible Detected incomplete new CRC
missed lesion, missed lesion, lesion, not resection of
prior exam prior exam resected previously
) . adequate negative but identified
Figure 2. Plausible inadequate lesion
PCCRC etiologies as per T L T
the World Endoscopy Or-
ganization’s algorithm,  L_16/54(30%) || 0% | 0% || 2/54(a%) || 36/54(66%) |
Results with noninterval PCCRC risk (OR = 4.59, CI =

Patient Characteristics and Associations With
PCCRC

Patient characteristics and colonoscopy findings of
PCCRCs (N = 54) and controls (N = 162) are shown in
Tables 1-3. The average age at PCCRC diagnosis was 69
years old (range 46-89 years), and the 54% were male.
Table 4 shows association with the overall risk of PCCRC,
noninterval PCCRC risk, and interval PCCRC risk. Two broad
features distinguished the overall PCCRC risk: (a) a history
of polyps before index colonoscopy and (b) polyp charac-
teristics at the time of index colonoscopy. The risk of PCCRC
was significantly associated with a history of polyps (odds
ratio [OR] = 2.71, confidence interval [CI] = 1.30-5.66), a
history of non-HPs (OR = 2.97, CI = 1.37-6.46), a history of
SSPs (OR = 3.94, CI = 1.40-11.07), and a history of HRA
(OR = 6.58, CI = 2.76-15.74). Having 2 polyps (OR = 2.67,
Cl = 1.13-6.33), a polyp >10 mm (OR = 445, CI =
1.47-13.45), and an HRA (OR = 3.68, CI = 1.50-8.99) on the
index colonoscopy was also associated with the risk of
PCCCR (Table 4). By contrast, known FDR with CRC, per-
sonal history of non-CRC, bowel preparation, distal location
of polyp, physician performing the procedure, and tobacco
and alcohol use were not significantly related to overall
PCCRC risk, noninterval PCCRC risk, or interval PCCRC risk.
Although these overall findings raise the possibility that
PCCRC emergence is influenced by polyp biology, it
is possible that the profiles of noninterval and interval
PCCRCs would be distinct. We therefore sought to examine
the characteristics of PCCRCs as per the subtype.

Associations With Noninterval PCCRC

A history of polyps (OR = 9.23, CI = 2.07-41.12), a
history of non-HPs (OR = 17.60, CI = 2.96-104.69), a
history of SSPs (OR = 5.79, CI = 1.09-30.83), and a his-
tory of an HRA (OR = 16.46, CI = 3.72-72.85) were all
associated with a significantly increased risk of non-
interval PCCRC (Table 4). Having 1 or more polyps found
on the index colonoscopy was significantly associated

1.60-13.15), and the risk increased with the number of
polyps (1: OR = 3.93, CI = 1.26-12.26; 2: OR = 5.45, Cl =
1.27-23.46; 3 or more: OR = 846, CI = 1.65-43.30).
Increased risk was also significantly associated with
having a proximately located polyp (OR = 6.87, CI =
1.72-27.55), a polyp >10 mm (OR = 1046, CI =
2.10-52.12), a non-HP (OR = 8.84, CI = 2.33-33.58),a TA
(OR = 7.86, CI = 2.23-27.75), and an HRA (OR = 8.04,
CI = 2.19-29.48) on the index colonoscopy. In summary,
risk for noninterval PCCRC was increased in patients with
a history of polyps and an index colonoscopy with polyps
including proximal, large, or HRAs, which are known risk
factors for developing CRC.

Associations With Interval PCCRC

In contrast, the risk of interval PCCRC was not signifi-
cantly related to any of the previously described polyp
history or index colonoscopy factors (Table 4). These find-
ings raise the possibility that something other than polyp
biology influences interval PCCRC development.

Noninterval Interval PCCRC

Cases

Comparison of noninterval and interval PCCRC cases is
shown in Table 5. In comparison with interval PCCRCs,
noninterval PCCRCs more commonly had a history of polyps
(93% noninterval vs 63% interval, P = .009), a history of
non-HPs (85% noninterval vs 41% interval, P = .003), a
history of an HRA (59% noninterval vs 22% interval, P =
.006), a polyp on index colonoscopy (78% noninterval vs
52% interval, P = .046), a proximal polyp on index colo-
noscopy (48% noninterval vs 14% interval, P = .039), a non-
HP on index colonoscopy (90% noninterval vs 57% interval,
P =.021), an HRA at index colonoscopy (41% noninterval vs
11% interval, P = .013). These findings are consistent with
the concept that polyp biology adversely affects the impact of
delayed colonoscopy with respect to the emergence of
PCCRC. This does not exclude the possibility of the

Compared With
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Table 1. Patient Characteristics

Cases (N = 54) Controls (N = 162) Total (N = 216)

Patient characteristics N (%) N (%) N (%) OR (95% CI)
Age

45-59 21 (38.9) 63 (38.9) 84 (38.9)

60-69 14 (25.9) 42 (25.9) 56 (25.9)

>70 19 (35.2) 57 (35.2) 76 (35.2)
Sex

Male 29 (53.7) 87 (63.7) 116 (53.7)

Female 25 (46.3) 75 (46.3) 100 (46.3)
Known FDR with CRC

No 41 (75.9) 125 (77.6) 166 (77.2)

Yes 13 (24.1) 36 (22.4) 49 (22.8) 1.12 (0.53-2.34)
History of other cancer (non-CRC)

No 35 (64.8) 110 (67.9) 145 (67.1)

Yes 19 (35.2) 52 (32.1) 71 (32.9) 1.17 (0.58-2.36)
Gl physician doing colonoscopy

No 7 (13.0) 14 (8.6) 21 (9.7)

Yes 47 (87.0) 148 (91.4) 195 (90.3) 0.63 (0.24-1.67)
Endoscopist’s recommendations agree with AGA guidelines

No 24 (44.4) 28 (18.7) 52 (25.5) 3.30 (1.63-6.67)

Yes 30 (55.6) 122 (81.3) 152 (75.5)
History of tobacco use

Never 26 (48.1) 88 (54.3) 114 (52.8)

Current 4 (7.4) 13 (8.0) 17 (7.9) 1.05 (0.30-3.70)

Former 24 (44.4) 61 (37.7) 85 (39.4) 1.33 (0.70-2.55)
History of alcohol use

Never 19 (35.2) 48 (29.6) 67 (31.0)

Current 33 (61.1) 105 (64.8) 138 (63.9) 0.78 (0.39-1.54)

Former 2 (3.7) 9 (5.6) 11 (5.1) 0.55 (0.11-2.83)
Alcoholic drinks/wk

None/rarely 22 (43.1) 72 (46.5) 94 (45.6)

<1 10 (19.6) 24 (15.5) 34 (16.5) 1.29 (0.55-3.06)

2-6 8 (15.7) 26 (16.8) 34 (16.5) 0.98 (0.35-2.74)

7-14 10 (19.6) 26 (16.8) 36 (17.5) 1.10 (0.47-2.60)

>14 1(2.0) 7 (4.5) 8 (3.9 0.46 (0.05-3.98)
Ever history of polyps

No 13 (24.1) 73 (45.1) 86 (39.8)

Yes (75.9) 89 (54.9) 130 (60.2) 2.71 (1.30-5.66)
Ever history of hyperplastic polyps

No polyps 12 (22.2) 68 (42.0) 80 (37.0)

Hyperplastic polyps only 8 (14.8) 26 (16.1) 34 (14.8) 1.79 (0.65-4.91)

Other histology 34 (70.0) 68 (42.0) 102 (47.2) 2.97 (1.37-6.46)
Ever history of SSP

No 44 (81.5) 152 (98.3) 196 (90.7)

Yes 10 (18.5) 10 (6.2) 20 (9.3) 3.94 (1.40-11.07)
Ever history of HRA

No 32 (59.3) 143 (88.3) 175 (81.0)

Yes 22 (40.7) 19 (11.7) 31 (19.0) 6.58 (2.76-15.74)

Bold entries indicate statistically significant results.

involvement of endoscopist-related factors, such as adher-
ence to surveillance guidelines, which is described in the
following.

Adherence to Guidelines

Table 6 shows the AGA guideline recommendation
that should have been given for both noninterval and
interval PCCRCs. Twenty-four of 54 (44%) patients with

PCCRCs and 30 of 162 (18.5%) controls had recommen-
dations from endoscopists that deviated from AGA
guideline recommendations. Table 7 shows the types of
discordant recommendations given. In noninterval
PCCRCs, 73% of the incorrect recommendations were too
long, for example, the endoscopist recommended follow-
up in 5 years, but AGA guidelines (2012) recommend 3
years. For interval PCCRCs and controls, 54% and 60%,
respectively, of the discordant recommendations were too
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Table 2. Index Colonoscopy Characteristics

Cases (N = 54)

Controls (N = 162)

Total (N = 216)

Index colonoscopy characteristics N (%) N (%) N (%) OR (95% CI)
Prep

Excellent 4 (7.4) 12 (7.4) 16 (7.4)

Good 43 (79.6) 136 (84.0) 179 (82.9) 0.91 (0.26-3.18)

Fair 4 (7.4) 10 (6.2) 14 (6.5) 1.16 (0.22-6.18)

Adequate/poor 3 (5.6) 4 (2.5) 7 (3.3) 2.10 (0.34-13.17)
Polyp found

No 19 (35.2) 79 (48.8) 98 (45.4)

Yes 35 (64.8) 83 (51.9) 118 (54.6) 1.80 (0.94-3.45)
Number of polyps

0 19 (35.2) 79 (4.8) 98 (45.4)

1 14 (25.9) 47 (29.0) 61 (28.2) 1.24 (0.56-2.75)

2 13 (24.1) 21 (13.0) 34 (15.7) 2.67 (1.13-6.33)

3 or more 8 (14.8) 15 (9.3) 23 (10.6) 2.52 (0.87-7.30)
Location of polyp(s)

No polyp 19 (35.2) 74 (48.8) 93 (45.4)

Proximal 12 (22.2) 32 (19.8) 44 (20.4) 1.58 (0.67-3.74)

Distal 10 (18.5) 31 (19.1) 41 (19.0) 1.35 (0.55-3.34)

Both proximal and distal 13 (24.1) 20 (12.3) 33 (15.3) 2.89 (1.15-7.22)
Largest polyp size category

No polyp 19 (35.2) 79 (48.8) 98 (45.5)

<5 mm 12 (22.2) 32 (19.8) 44 (20.4) 1.57 (0.67-3.66)

5-10 mm 6 (11.1) 21 (13.0) 27 (12.5) 1.22 (0.40-3.77)

>10 mm 8 (14.8) 7 (4.3) 15 (6.9) 4.45 (1.47-13.45)

Not reported 9 (16.7) 23 (14.2) 32 (14.8) 1.68 (0.70-4.06)
Polyp histology

No polyp 19 (35.2) 79 (48.8) 98 (45.4)

Hyperplastic polyp 8 (14.8) 23 (14.2) 31 (14.3) 1.44 (0.57-3.65)

Other histology 27 (50.0) 60 (37.0) 86 (40.3) 1.96 (0.97-3.97)
HRA

No 40 (74.1) 146 (90.1) 186 (86.1)

Yes 14 (25.9) 16 (9.9) 30 (13.9) 3.68 (1.50-8.99)

Bold entries indicate statistically significant results.

short, for example, the endoscopist recommended a
repeat examination in 5 years, but the AGA guidelines
(2012) recommend 10 years. Incorrect guideline recom-
mendations were associated with overall PCCRC risk
(OR = 3.30, CI = 1.63-6.67) and interval PCCRC risk
(OR = 4.85, CI = 1.67-14.08), but not noninterval PCCRC
risk (Table 4). These findings suggest that endoscopist

nonadherence to surveillance guidelines may be a risk
factor for interval PCCRC development.

WEQO Criteria and Our Cohort

We categorized our PCCRCs as per the WEQ’s criteria
into groups 1-5 as shown in Figure 2. Groups 1-4 were

Table 3. Index Colonoscopy Polyp Characteristics

Cases (N = 54)

Controls (N = 162)

Total (N = 216)

Index colonoscopy polyp

characteristics N (%) N (%) N (%) OR (95% CI)
Polyp found
No 19 (35.2) 79 (48.8) 98 (45.4)
Yes 35 (64.8) 83 (51.9) 118 (54.6) 1.80 (0.94-3.45)
Detailed polyp histology
No polyp 19 (35.2) 79 (48.8) 98 (45.4)
TA 15 (27.8) 40 (24.7) 55 (25.5) 1.61 (0.73-3.57)
Hyperplastic only 8 (14.8) 23 (14.2) 31 (14.4) 1.45 (0.57-3.70)
SSP 3 (5.6) 3(1.9 6 (2.8) 4.29 (0.80-23.12)
TA + SSP 1(1.9) 3(1.9 4(1.9) 1.71 (0.16-18.04)
TA + HP/other 8 (14.8) 14 (8.7) 22 (10.2) 3.60 (0.17-11.06)
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Table 4. Associations With Risk of Postcolonoscopy CRC, Noninterval PCCRC, and Interval PCCRC

PCCRC (N = 54)

Noninterval PCCRC
(N =27)

Interval PCCRC
(N = 27)

Variable

OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

General variable
Known FDR with CRC
History of non-CRC cancer
Gl physician doing colonoscopy
Recommendation not consistent with AGA guidelines
Prior polyp history
Ever history of polyps
Ever history of hyperplastic only
Ever history of other histology
Ever history of SSP
Ever history of HRA

Index colonoscopy variable
Yes polyp found
1 polyp
2 polyps
3 + polyps
Proximal location only
Both proximal and distal locations
Polyp size: <6 mm
Polyp size: 5-10 mm
Polyp size: >10 mm
Hyperplastic histology only
Other histology (nonhyperplastic)
TA (only or with others)
SSP (only or with others)
HRA

1.12 (0.53-2.34)
1.17 (0.58-2.36)
0.63 (0.24-1.67)
3.30 (1.63-6.67)

2.71 (1.30-5.66)
1.79 (0.65-4.91)
2.97 (1.37-6.46)
3.94 (1.40-11.07)
6.58 (2.76-15.74)

1.80 (0.94-3.45)
1.24 (0.56-2.75)
2.67 (1.13-6.33)
2.52 (0.87-7.30)
1.58 (0.67-3.74)
2.89 (1.15-7.22)
1.57 (0.67-3.66)
1.22 (0.40-3.77)
4.45 (1.47-13.45)
1.44 (0.57-3.65)
1.96 (0.97-3.97)
1.99 (0.97-4.08)
3.12 (0.72-13.61)
3.68 (1.50-8.99)

1.65 (0.62-4.35)
0.73 (0.29-1.80)
0.47 (0.12-1.78)
0.42 (0.16-1.10)

9.23 (2.07-41.12)
3.00 (0.42-21.67)

17.6 (2.96-104.69)

5.79 (1.09-30.83)

16.46 (3.72-72.85)

4.59 (1.60-13.15)
3.93 (1.26-12.26)
5.45 (1.27-23.46)
8.46 (1.65-43.30)
6.87 (1.72-27.55)

10.01 (2.13-46.92)

4.39 (1.25-15.41)
3.86 (0.66-22.69)

10.46 (2.10-52.12)

1.45 (0.27-7.68)
8.84 (2.33-33.58)
7.86 (2.23-27.75)

9.88 (0.76-127.50)

8.04 (2.19-29.48)

0.63 (0.18-2.18)
2.39 (0.79-7.24)
0.87 (0.21-3.63)
4.85 (1.67-14.08)

1.12 (0.44-2.84)
1.32 (0.37-4.64)
1.05 (0.39-2.84)
3.00 (0.78-11.51)
2.55 (0.74-8.83)

0.82 (0.35-1.95)
0.31 (0.09-1.12)
2.04 (0.69-6.04)
0.70 (0.14-3.52)
0.31 (0.06-1.55)
1.15 (0.33-4.00)
0.58 (0.16-2.09)
0.55 (0.12-2.46)
2.60 (0.50-13.62)
1.26 (0.39-3.99)
0.65 (0.24-1.78)
0.66 (0.24-1.85)
1.38 (0.20-9.35)
1.16 (0.26-5.09)

Bold entries indicate statistically significant results.

defined as cases in which the index colonoscopy was <4
years before diagnosis. Group 5 was defined as cases in
which the index colonoscopy was >4 years before diag-
nosis."" Sixteen of 54 (30%) of our PCCRCs were in group 1,
described as a possible missed lesion, prior examination
adequate. There were none in group 2, described as a
possible missed lesion, prior examination negative but
inadequate. There were also none in group 3, described as a
detected lesion, not resected (however, known incompletely
resected lesions were excluded in this study). Two of 54
(4%) were in group 4, described as likely incomplete
resection of a previously identified lesion. Thirty-six of 54
(66%) were in group 5, described as a likely new CRC.
Groups 1 and 5 were differentiated by the time of CRC
detection (<4 years for group 1 and >4 years for group 5)
as described previously by the WEO.

Discussion

PCCRC, defined as CRC detected after a screening or
surveillance colonoscopy in which no cancer is found,” has
an estimated incidence of 2.9%-9%."'° PCCRC has been
associated broadly with missed or incompletely resected
lesions at the time of colonoscopy, incomplete colonoscopy
examination, or alternate/more aggressive biology. In this
retrospective case-controlled study, traditional risk factors

for CRC such as a history of polyps (history of any polyp,
non-HP histology, SSP, HRA) and an index colonoscopy with
HRAs were significantly associated with PCCRC risk. Our
findings are consistent with previous studies that have
implicated traditional CRC risk factors with PCCRC.”'**’ In a
recent, large community-based study conducted in Califor-
nia, PCCRC was associated with colonic polyps >10 mm,
incomplete examination, and history of any adenoma.’
Incomplete resection of polyps in general, and large polyps
(>10 mm) in particular, which are more likely to be
incompletely resected, has been implicated in PCCRC. Our
data add to this growing evidence.>’*#**'>1¢19 Known FDR
with CRC, personal history of non-CRC, distal location of a
polyp, and tobacco and alcohol use were not significantly
associated with PCCRC risk. Although these risk factors are
associated with developing CRC, they do not appear to be
associated with PCCRC, possibly due to power of study.

To our knowledge, this is the first study to investigate
PCCRCs based on the WEO definitions of noninterval and
interval PCCRCs. Risk factors for interval PCCRCs and non-
interval PCCRCs differed substantially. Noninterval PCCRCs
were significantly associated with “traditional” CRC risk
factors (polyp history, higher risk polyps at the index colo-
noscopy), whereas interval PCCRCs were not associated with
these risk factors. The strength of the association of non-
interval PCCRC with these traditional risk factors was
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Table 5. Comparison of Noninterval and Interval PCCRCs

Noninterval cases (N = 27) Interval cases (N = 27)

Variable N (%) N (%) P-value

Sex
Male 14 (51.9) 15 (55.6) .785
Female 13 (48.1) 12 (44.4)

History of non-CRC cancer
No 18 (66.7) 17 (63.0) 776
Yes 9 (33.3) 10 (37.0)

History of alcohol use

Never 11 (40.7) 8 (29.6) .286
Current 16 (59.3) 17 (63.0)
Former 0 (0.0) 2(7.4)

Ever history of polyps
No 2 (7.4) 10 (37.0) .009
Yes 25 (92.6) 17 (63.0)

Ever history of HRA
No 21 (77.8) 11 (40.7) .006
Yes 6 (22.2) 16 (59.3)

Number of polyps on index colonoscopy

0 6(22.2) 13 (48.1) 129
1 10 (37.0) 4(14.8)
2 6 (22.2) 7 (25.9)
3 or more 5 (18.5) 3 (11.1)

Largest polyp size category

<5 mm 8 (38.1) 4 (28.6) 704
5-10 mm 3 (14.3) 3 (21.4)
>10 mm 5 (23.8) 3 (21.4)

Not reported 5 (23.8) 4 (28.6)
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Noninterval cases (N = 27)
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Table 5.Continued

Interval cases (N = 27)

Variable N (%) N (%) P-value
Detailed polyp histology on index colonoscopy
TA 12 (67.1) 3(21.4) .086
HP only 2 (9.5 6 (42.9)
SSP 2 (9.5) 1(7.1)
TA + SSP 0 (0.0) 1(7.1)
TA + HP/other 5 (23.8) 3 (21.4)
HRA on index colonoscopy
No 16 (59.3) 24 (88.9) .013
Yes 11 (40.7) 3 (11.1)

enough to show significance for the PCCRC cohort as a
whole, despite no association with the interval subgroup.
Noninterval and interval PCCRC might behave differently
given their time frames of colonoscopy, and not surprisingly,
having more polyps leads to worse outcomes when sur-
veillance is too late. The contrast between interval and
noninterval PCCRC supports several important conclusions.
First, our findings support this WEO subclassification of
PCCRC. Noninterval PCCRC, with traditional CRC risks fac-
tors, would seem best addressed by current CRC screening
programs, as well as careful surveillance strategies for pa-
tients with findings on colonoscopy based on 2012 guide-
lines used during that time, and ongoing efforts to improve
colonoscopy quality. Second, our findings suggest that fac-
tors beyond traditional CRC risks and colonoscopy quality
are involved in interval PCCRC. It would seem logical that if
colonoscopy quality issues (missed lesions, incompletely
resected lesions) explained most interval PCCRCs, this sub-
group should have higher risk lesions at the index colonos-
copy. Given that interval PCCRCs did not differ from controls
in this regard, it could be speculated that novel or aggressive
biology is contributing; however, more study is needed.
The role of biology in PCCRC has been previously
investigated. It has been well documented that mutations in
DNA mismatch repair (MMR) genes and microsatellite
instability are more common in PCCRCs than in other CRCs
as well as other molecular features.”****”*® Recent large
population-based studies in Utah (microsatellite instability)
and Denmark (MMR deficiencies) add to this literature.**"
The serrated pathway has shown inconclusive associations
with PCCRC.***”*® Qur study showed mixed results con-
cerning an association of SSP and PCCRC. There was an

Table 6. AGA Guideline Recommendations (2012) for Cases

Guideline Noninterval Interval
recommendation cases (N = 27) cases (N = 27)
10y 0 14 (52%)
5y 16 (59%) 9 (33%)
3y 10 (37%) 4 (15%)
<3y 1 (4%) 0

increased risk of PCCRC if a patient had a history of SSPs,
but no significantly increased risk if an SSP was found on
the index colonoscopy. Future study includes genetic anal-
ysis of PCCRC subgroups. Although not statistically signifi-
cant, interval PCCRCs in our study tended to be younger
than noninterval PCCRCs. Although the incidence of CRC
overall is declining, early-onset CRC (CRC that develops at
<50 years) is increasing, and it has been suggested that
early-onset CRC may be biologically different than late-onset
CRC. Early-onset CRCs are often more advanced at diag-
nosis, are left-sided, and are more frequently found in mi-
norities. They may also have different molecular
characteristics and often lack an association with family
history of CRC.??~*! Given that interval PCCRCs in our study
were younger than noninterval PCCRCs and polyp biology
does not seem to be associated, larger studies looking at the
relationship of age with interval CRC are needed, and
studies comparing early-onset interval CRC with early-onset
noninterval and sporadic CRCs seem warranted.

Although biology is important, around 30% of our
PCCRCs can be attributed to endoscopic quality based on the
proposed WEO algorithm to determine etiology of PCCRC.
Our findings are similar to that of a UK group who also used
this algorithm.'® This suggests that endoscopic factors,
which  have frequently been  associated  with
PCCRC,>7'#1>1619 3150 substantially impact PCCRC at our
center. This subset of PCCRCs is likely “avoidable” with
improved endoscopic technique. Multiple previous studies
have shown an inverse relationship between the endo-
scopist ADR and PCCRC.“'#' A recent study by Lam et al'’
showed that being in the highest ADR quintile had a 4-fold
lower interval PCCRC risk and that quality improvement in
this metric decreased interval PCCRC.

This study also examined whether the endoscopist fol-
lowed the AGA’s surveillance recommendation guidelines
(2012). Recommendations for both PCCRCs overall and in-
terval PCCRCs diverged from these guidelines substantially.
Endoscopist “decision-making”, as suggested in other
studies,'® likely has an impact on PCCRC. This may reflect the
endoscopists’ uncertainty during an examination or unfa-
miliarity with these guidelines.”® The impact of guideline
adherence appears to be considerable and has not been
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Table 7. Description of Incorrect Recommendations for Controls and Cases

Incorrect controls Incorrect noninterval Incorrect interval
Incorrect recommendation (N = 30) cases (N = 11) cases (N = 13)
Too long (told 5 y, rec is 3 y) 7 (23%) 8 (73%) 2 (15%)
Too short (told 5y, recis 10 y) 18 (60%) 2 (18%) 7 (54%)
No recommendation given 5 (17%) 1 (9%) 4 (31%)

previously identified as a risk factor for PCCRC. This shouldbe 3 Rox DK. Boland CR. Dominitz JA. et al. Colorectal

investigated in future studies. This will be increasingly cancer screening: recommendations for physicians
important with the recent publication of new surveillance and patients from the U.S. Multi-Society Task Force
guidelines.’” Quality improvement would likely be impactful on colorectal cancer. Am J Gastroenterol 2017;
in this area. 112:1016-1030.

This study’s strengths included evaluating PCCRCs in 4. Rabeneck L, Paszat LF. Circumstances in which colo-
subdivided groups (noninterval and interval PCCRCs) as per noscopy misses cancer. Frontline Gastroenterol 2010;

1:52-58.

5. Cooper GS, Xu F, Barnholtz Sloan JS, et al. Prevalence
and predictors of interval colorectal cancers in medicare
beneficiaries. Cancer 2012;118:3044-3052.

. Adler J, Robertson DJ. Interval colorectal cancer after

guideline recommendations, which, to our knowledge, has
not been previously performed. Another strength was per-
forming all endoscopies in a single medical center, which
allowed for consistent data gathering across cases and 6

controls and the ability to have a thorough chart review. We colonoscopy: exploring explanations and solutions. Am J
also had a well-defined and large control group that is Gastroenterol 2015;110:1657-1664;quiz 65.

matched to cases of the same age and sex. Limitations of this 7. Ertem FU, Ladabaum U, Mehrotra A, et al. Incidence of in-
study included its retrospective design, the relatively small terval colorectal cancer attributable to an endoscopist in
number of PCCRCs, and the lack of ADR data for the endo- clinical practice. Gastrointest Endosc 2018;88:705-711.e1.
scopists. It is also possible that undetected Lynch syndrome 8. Samadder NJ, Neklason D, Snow A, et al. Clinical and
in patients may have accounted for some of the interval molecular features of post-colonoscopy colorectal can-

cers. Clin Gastroenterol Hepatol 2019;17:2731-2739.e2.
9. Tollivoro TA, Jensen CD, Marks AR, et al. Index
colonoscopy-related risk factors for postcolonoscopy
colorectal cancers. Gastrointest Endosc 2019;

PCCRCs. Any contribution of these cases, however, is likely
to be insignificant, given the high rate of testing for MMR in
our CRC cohort (87%).

In conclusion, significant risk factors for developing 89:168-176.63.

PCCRCs overall and for noninterval PCCRCs included usual 1g Anderson R, Burr NE, Valori R. Causes of post-
CRC risk factors such as a history of polyps (history of any colonoscopy colorectal cancers based on World
polyp, non-HP histology, SSP, HRA) and an index colonos- Endoscopy Organization system of analysis. Gastroen-
copy with larger polyps or HRA. Risk factors for interval terology 2020;158:1287-1299.e2.

PCCRC differ considerably from noninterval PCCRC, with 11. Rutter MD, Beintaris |, Valori R, et al. World Endoscopy
none of the traditional risk factors having a significant as- Organization consensus statements on post-colonoscopy
sociation with interval PCCRC. Further research on the and post-imaging colorectal cancer. Gastroenterology

2018;155:909-925.€3.

biology and molecular factors in this important subgroup is 7 190 o
12. Kaminski MF, Regula J, Kraszewska E, et al. Quality in-

clearly indicated. Despite the suggestion that biology may be . . .
lavi ionificant rol hich t £ PCCRC b dicators for colonoscopy and the risk of interval cancer.
playing a significant role, a high percentage o can be N Engl J Med 2010;362:1795-1803.

attributed to quality. This would be amenable to endoscopic 13. Baxter NN, Sutradhar R, Forbes SS, et al. Analysis of

quality improvement, which has been previously shown to administrative data finds endoscopist quality measures
reduce PRCCRC. In this study, nonadherence to CRC associated with postcolonoscopy colorectal cancer.
screening surveillance guidelines was a major, yet novel, Gastroenterology 2011;140:65-72.
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