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Abstract

AIM

To determine the frequency and risk factors for
colorectal cancer (CRC) development among individuals
with resected advanced adenoma (AA)/traditional
serrated adenoma (TSA)/advanced sessile serrated
adenoma (ASSA).

METHODS

Data was collected from medical records of 14663
subjects found to have AA, TSA, or ASSA at screening
or surveillance colonoscopy. Patients with inflammatory
bowel disease or known genetic predisposition for CRC
were excluded from the study. Factors associated with
CRC developing after endoscopic management of high
risk polyps were calculated in 4610 such patients who
had at least one surveillance colonoscopy within 10
years following the original polypectomy of the incident
advanced polyp.

RESULTS

84/4610 (1.8%) patients developed CRC at the
polypectomy site within a median of 4.2 years (mean
4.89 years), and 1.2% (54/4610) developed CRC in
a region distinct from the AA/TSA/ASSA resection
site within a median of 5.1 years (mean 6.67 years).
Approximately, 30% (25/84) of patients who developed
CRC at the AA/TSA/ASSA site and 27.8% (15/54)
of patients who developed CRC at another site had
colonoscopy at recommended surveillance intervals.
Increasing age; polyp size; male sex; right-sided
location; high degree of dysplasia; higher number
of polyps resected; and piecemeal removal were
associated with an increased risk for CRC development

JBaishideng® W]G I WWW.ngnet.COm

at the same site as the index polyp. Increasing age;
right-sided location; higher number of polyps resected
and sessile endoscopic appearance of the index
AA/TSA/ASSA were significantly associated with an
increased risk for CRC development at a different site.

CONCLUSION

Recognition that CRC may develop following AA/
TSA/ASSA removal is one step toward improving our
practice efficiency and preventing a portion of CRC
related morbidity and mortality.

Key words: Colon cancer; Rectal Cancer; Advanced
adenoma; Sessile serrated adenoma; High risk polyps;
Post-polypectomy colorectal cancer

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Screening colonoscopy reduces colorectal
cancer morbidity and mortality risks through detection
and treatment of precursor lesions. However, screening
colonoscopy has a 3.5% false negative rate for
detection of colorectal cancer (CRC) resulting in 17% of
patients who had undergone colon screening within 3
years being diagnosed with CRC. We report that 3% of
patients with advanced polyps in a surveillance program
developed interval CRC. Recognition that CRC could
develop following advanced polyp removal despite
adherence to guidelines is one step toward improving
our practice efficiency and preventing a portion of CRC
related morbidity and mortality.

Mouchli MA, Ouk L, Scheitel MR, Chaudhry AP, Felmlee-
Devine D, Grill DE, Rashtak S, Wang P, Wang J, Chaudhry R,
Smyrk TC, Oberg AL, Druliner BR, Boardman LA. Colonoscopy
surveillance for high risk polyps does not always prevent
colorectal cancer. World J Gastroenterol 2018; 24(8): 905-916
Available from: URL: http://www.wjgnet.com/1007-9327/full/

v24/i8/905.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i8.905

INTRODUCTION

Colorectal cancer (CRC) is the second leading cause
of cancer-related death in the United States™™.
Colonoscopy with removal of premalignant lesions has
contributed to a recent decline in CRC incidence and
the number of deaths from this disease; nevertheless
5%-9% of patients diagnosed with CRC have under-
gone screening colonoscopy within the 3 years prior
to detection of cancer™™. Than et a® reported that
colonoscopy has a 3.5% false negative rate for
detection of CRC since 17% of patients with newly
diagnosed CRC had been investigated with bowel-
specific investigations within the previous 3 years.
Winawer et al'® reported that 6% of patients with
advanced adenomas (AA) are missed by colonoscopy.
The development of CRC despite colonoscopy may
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reflect missed superficial depressed lesions (cancer or
high risk adenoma), incompletely resected adenomas'”,
de novo cancer®, or delayed diagnosis because of failed
biopsy detection®*,

Adenomatous polyps are the most common neo-
plastic finding at colonoscopy™"'. These neoplastic polyps
have malignant potential and are classified histologically
as villous, tubulovillous, or tubular adenomas!*?. The
malignant potential of these polyps correlates with type,
size, and degree of dysplasia of the polyp. Advanced
adenomas (AA) are those which are larger than 10 mm,
have tubulovillous or villous architecture, or have high
grade dysplasia™?.

The term “serrated adenoma” was introduced by
Longacre et al"¥ to describe polyps with dysplastic
(adenomatous) cytology and serrated crypt architecture.
Later, Torlakovic et al** coined the term sessile serrated
adenoma to describe a different lesion, one with
serrated crypts and characteristic architectural changes
but usually no cytologic dysplasia. In order to avoid (or
at least minimize) confusion, the Longacre lesion was
renamed “traditional serrated adenoma.” Despite the
shared terminology, SSA and TSA are not necessarily
related lesions'®!. After a few more terminology
modifications, the current World Health Organization
classification for serrated polyps is: hyperplastic polyp,
sessile serrated polyp (SSP) without dysplasia; sessile
serrated adenoma (SSA) with cytological dysplasia, and
traditional serrated adenoma'’”). The risk of developing
CRC from a serrated lesion correlates with larger size (>
10 mm), presence of dysplasia and higher number of
synchronous polyps.

Surveillance is recommended by the United States
Preventive Services Task Force (USPSTF) 3 years
after removal of AA, TSA, or advanced SSA™ while
the European guidelines recommend surveillance at 1
years for high risk polyps (= 20 mm) but three years
for intermediate risk polyps(10 mm to < 20 mm)!&.
Despite frequent colonoscopy, CRC has been shown
to develop at an incidence rate of 1.2/1000""%. Though
several large studies have illustrated the rates of post
colonoscopy CRC to be low®, we were particularly
interested in how often CRC develops in the highest risk
patients, namely those who have AA, TSA, or advanced
SSA.

MATERIALS AND METHODS

Study population

In this IRB-approved nested case cohort study (IRB
622-00), we reviewed the colonoscopy database and
pathology reports for patients who were seen at Mayo
Clinic, Rochester, Minnesota for colonoscopy related to
any indication and found to have high-risk AA (villous
architecture; high grade dysplasia and/or size > 10
mm), TSA, or Advanced SSA (any dysplasia and/or
size > 10 mm), then identified 4160 patients who
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had at least one surveillance exam following the index
polypectomy for their AA/TSA/ASSA. Surveillance
exams were performed only for follow up and were not
done in response to clinical symptoms. Colonoscopy
reports prior to the incident advanced polyp lesion were
not available in the electronic medical record on most
patients and thus were not included in this study.

We included all patients = 18 years of age dia-
gnosed with either AA between January 1990 to
December 2010 or ASSA/TSA between January 2000
to December 2010. Patients were followed through
August 2016. Patients with a diagnosis of a polyposis
syndrome, inflammatory bowel disease, or a known
genetic predisposition for CRC were excluded from
the study. We identified all patients from this cohort
who had developed CRC (n = 84) and then randomly
selected 252 patients who had an AA, TSA, or ASSA
at index colonoscopy but who had not developed CRC.
Clinical and pathological features of high-risk polyps (i.e.,
size, histology, site, and degree of dysplasia, time of
index polypectomy), nhumber and timing of surveillance
colonoscopies and post polypectomy CRC (i.e., size, site,
grade and stage) were collected via chart abstraction for
this cohort of patients. Subjects who had not developed
post-polypectomy CRC were randomly selected from a
pool of 10 patients matched to the post-polypectomy
CRC group based on polyp histology and size (< or
= 20 mm), degree of dysplasia and decade that the
index polyp was removed. ASSA was classified as
being at higher risk for malignant transformation if the
polyp was > 10 mm, had dysplasia or higher number
of synchronous polyps (= 3 polyps in small polyps
measuring < 10 mm or = 2 large polyps measuring >
10 mm)™,

Post-polypectomy CRC was classified as same site
cancer if the cancer arose in the region of the colon in
which the high risk polyp had been removed. Since our
surveillance intervals and time from index AA/TSA/ASSA
to cancer development extended beyond three years in
some cases, we did not use the term interval cancer®®!,
but rather post-polypectomy cancer. We acknowledge
that it is impossible to know if the development of
CRC in the same region as the high risk polyp that had
prompted surveillance, we would anticipate that this
high risk polyp would be the most likely source for the
cancer.

Though these cases spanned from 1990 to 2010
for the AA and from 2000 to 2010 for the TSA and
ASSA, we applied the most current USPSTF guidelines
to all of these cases in order to assess the ability of
these recommendations for polyp management of
these high risk patients'". We similarly assessed using
the European surveillance guidelines distinguishing
intermediate versus high risk AA/TSA/ASSA based on
polyp size. A polyp was classified as persistent if polyp
clearance was not achieved on any of the surveillance
procedures and as recurrent if the polyp had been
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Table 1 Clinical and demographic characteristics of patients who developed colorectal cancer at the index AA/TSA/ASSA resection

site 7 (%)

Characteristics Developed CRC (7 = 84) No CRC (» = 252) P value'
Demographics

Male sex 56 (66.7) 138 (54.8) 0.06

Age, yr (= 70) 40 (47.6) 85 (33.7) 0.02

Time interval from first treatment for advanced adenoma till cancer or last 4.24 (1.51-7.23) 6.0 (4.05-9.35) <0.01
surveillance colonoscopy in years (median, IQR)

Number of colonoscopies between first polypectomy and cancer (mean # SD) 1.65 +2.30 147 +1.6 0.83

Adenoma size (1-2 cm) 31 (42.5) 146 (58.2) 0.03

Adenoma size (> 2 cm) 20 (27.4) 27 (10.8) 0.0007

Flat/sessile 76 (91.6) 161 (66.8) <0.01

Degree of dysplasia

High grade 28 (33.3) 66 (26.2) 0.18
Low grade/no dysplasia 56 (66.7) 186 (73.8) 0.18

Number of attempts to remove the polyp (mean + SD) 2.05+1.62 1.26 £ 0.60 <0.01
Number of polyps resected (> 3 polyps) 14 (16.7) 21 (8.3) 0.03
Polypectomy device used

Hot snare 19 (24.1) 41 (16.3) 0.11

Cold snare 5(6.3) 26 (10.3) 0.11

Snare NOS 60 (75.9) 185 (73.4) 0.11
Additional treatments

Piecemeal removal 21 (27.6) 30 (13.1) <0.01

Mucosal lift 13 (17.1) 23 (10.0) 0.10
Polyp location

Right colon 63 (75.0) 110 (43.7) <0.01

Left colon 8(9.52) 106 (42.1) <0.01

Rectum 13 (15.5) 36 (14.3) <0.01

!P-values for continuous variables were obtained using the Kruskal-Wallis Test; Pearson’s z* test was used for discrete variables. CRC: Colorectal cancer.

successfully treated, not detected on at least one
subsequent colonoscopy but recurred at the tattooed
site of the original AA/TSA/ASSA.

Statistical analysis

The data are reported as mean (+ SD), median
(interquartile range, IQR), ranges, and categorical
variables by counts and percentages as appropriate.
We included only cancers occurring at least one year
after polypectomy to minimize the risk of detection
bias and misclassification. Patients with a past
history of CRC diagnosed were included in our study.
Estimates of the rate of cancer for the entire cohort
were determined by using the Kaplan-Meier survival
curve with log-rank test. To identify risk factors
associated with development of cancer, we performed
univariate time-to-event analysis with Cox proportional
regression models that accounted for the case-cohort
design by using case weights to account for the
sampling frame and robust estimates of variance™®>".
Variables with P < 0.05 on univariate analysis were
included in a multivariate Cox proportional hazard
analysis to identify independent risk factors associated
with malignancy. Finally, penalized regression models
were run using Lasso regression, with 10-fold cross
validation, to provide robust estimates of the model
coefficients, which should provide better predictions
when used with external data®!. All statistical analyses
were conducted using JMP version 10 for Windows (SAS
Institute Inc., Cary, NC, United States), SAS (version 9)
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or R (version 3.2.3).

RESULTS

AA/TSA/ASSA were detected in 14633 patients at
incident colonoscopy. Of those, 1261 were excluded
since they were found to have incident CRC at the time
of AA/TSA/ASSA detection. After excluding patients
who did not undergo a surveillance colonoscopy after
this index polypectomy, 4610 patients were evaluated.
Thirty- one of the 1390 (1.67%) of the TSA and ASSA
were found to have subsequent CRC, and 107/3406
(3.14%) of the AA patients developed subsequent CRC
(P =0.11) (Figure 1).

Post-polypectomy CRC at the AA/TSA/ASSA resection
site

Sixty-three patients with history of AA (41 villous, 22
tubular), two with TSA and 19 with ASSA (15 without
dysplasia and 4 with dysplasia) who developed CRC
at the same site as the index polyp were identified.
These 84 patients were compared to a randomly
selected cohort of 252 of the AA/TSA/ASSA patients
who did not develop post-polypectomy CRC. Patients
who developed CRC at the index polypectomy site
were significantly older (47.6% vs 33.7%, P = 0.02);
had larger index polyps (15.5% vs 7.1%, P = 0.02);
had an increased number of synchronous polyps at
time of polypectomy (16.7% vs 8.3%, P = 0.03) and
were more likely to have AA/TSA/ASSA in the right
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2640 with advanced SSA/P or TSA
at incident colonoscopy®

/\

12023 with advanced adenomax
at incident colonoscopy®

/\

2460 with caner
free SSA/P or TSA

Incident CRC in 180/2460
(14.7%) case: 44 caner
adjacent polyps and 136

synchronous CRC

10942 with
cancer free
advanced TA,
VA, or TVA

Incident CRC in 1081/12023
(11.1%) case: 762 caner
adjacent polyps and 319

synchronous CRC

1390/2460 (57%) had
surveillance colonoscopy

3406/10942 (31%) had
surveillance colonoscopy

A

84/4610° (1.8%) patients developed
colorectal cancer in the same site

54/4610° (1.2%) patients developed
colorectal cancer in a different site

Figure 1 Selection of patients included in the determination of colorectal cancer development despite surveillance colonoscopy. “Polyp removal between
1/1/2000 12/31/2010 for SSA and TSA for TA, TVA and VA between 1/1/1990 12/31/2010 with follow up complete through 12/31/2016. 186 developed both of sessile/
traditional serrated and AA. “Patients with advanced developed a denoma have at least one the these features (histology with villous component, > 1 ¢m, or high
grade dysplasis). SSA: Sessile serrated adenoma; SSP: Sessile serrated polyp; TSA: Traditional serrated adenoma; TA: Tubular adenoma; VA: Villous adenoma; TVA:

Tubulovillous adenoma.

colon (75% vs 43%; P < 0.01) than the patients who
did not develop post-polypectomy CRC. Patients with
smaller polyps (> 10 mm and < 20 mm) that would
be categorized by EU guidelines were less likely to
develop post-polypectomy CRC (P = 0.03). Other
findings are shown in Table 1.

CRC developed over a median follow-up of 2.31
years (IQR: 0.58-4.27). The most common site of
post- polypectomy CRC was the cecum (33.3%)
followed by the ascending colon (20.2%). Mean tumor
size was 3.25 £ 2.0 cm. The proportion of patients
with stage 1-2 and stage 3-4 were 38.1% and 53.6%,
respectively. Altogether, 6 patients (7.1%) were
diagnosed with metastatic disease.

The most common causes associated with post-
polypectomy CRC development were non-adherence
to recommended surveillance interval (27.4%),
incomplete resection of high risk polyp (25.0%), and
unknown causes (30%) (Supplementary table 1).
Notably, the median time from the index polypectomy
to post-polypectomy cancer development ranged from
0.7 years for patients with persistent or recurrent
polyps at the index polypectomy site to 3.5 years
for patient who developed CRC but had at least one
negative surveillance colonoscopy done after the index
polypectomy. Patients who had their surveillance
colonoscopy later than recommended or who were
recommended by their healthcare providers to have
follow up of their index AA/TSA/ASSA later than
guideline recommendations developed CRC at a median
of 6 years after treatment for the index AA/TSA/ASSA
(Supplementary table 1). The 1-, 5-, and 10- year

Baishidenge ~ WJG | www.wjgnet.com

cumulative incidences of cancer were 0.3%, 1.1%,
and 1.6%, respectively (Figure 2A).

By multivariate analysis, patient age = 70 at time
of polypectomy (HR = 2.31, 95%CI: 1.04-5.12, P =
0.04), male sex (HR = 2.87, 95%CI: 1.14-6.81, P
= 0.03), polyp size = 20 mm (HR = 3.70, 95%CI:
1.07-12.77, P = 0.04); degree of dysplasia (High
vs Low) (HR = 2.59, 95%CI: 1.09-6.18, P = 0.03),
higher number of polyps resected (HR = 5.94, 95%CI:
1.98-17.79, P < 0.01), and piecemeal compared to
en bloc resection (HR = 5.42, 95%CI: 1.82-16.20,
P = 0.01) were all significant factors associated with
CRC development. Left vs right colon AA/TSA/ASSA
location was associated with decreased risk (HR = 0.09,
95%CI: 0.03-0.29, P < 0.01) (Table 2).

CRC at site distinct from the index AA/TSA/ASSA
Forty-four patients with history of AA (27 villous, 17
tubular); three with TSA and seven with ASSA (four
with dysplasia) later developed CRC at a site distinct
from that of the incident AA/TSA/ASSA. One hundred
and sixty-two patients who underwent polypectomy
for AA/TSA/ASSA but did not later develop CRC (Table
3) were randomly selected to be the comparison group
matched to the control group based on polyp histology
and degree of dysplasia.

For the 54 patients who developed CRC at a site
distinct from the index polypectomy, the most common
sites of the index polyp were the rectum (18.5%) and
the transverse colon (18.5%) followed by the ascending
colon (16.7%). Forty-eight% of these patients were =
70, while 32.1% of patients who did not develop CRC
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Table 2 Risk factors for colorectal cancer at AA/TSA/ASSA resection site

Risk factors

Univariate analysis, HR (95%CI) P value Multivariate analysis, HR (95%CI) P value

Male sex (M:F)

Age at polypectomy (= 70)

Polyp size (= 20 mm)

Degree of Dysplasia (High:Low)

Polyp location (Left colon: Right colon)

Polyp location (Rectum: Right colon)

Number of polyps resected at polypectomy (>3 polyps)
Polypectomy device used (Hot snare: Cold snare)
Polyp shape (Flat: Pedunculated)

Piecemeal removal (Yes:No)

Injection-assisted endoscopic mucosal resection (EMR) (Yes:No)

1.74 (1.01-2.98)
251 (1.47-4.27)
2,60 (1.17-5.78)
1.90 (1.06-3.41
0.10 (0.04-0.22
0.47 (0.22-1.02
240 (1.10-5.24
1.24 (0.49-3.75)
6.15 (2.67-14.15)
2.80 (1.44-5.46)
215 (0.98-4.68)

oo

0.04
<0.01
0.02
0.03
<0.01
0.06
0.03
0.46
<0.01
<0.01
0.06

2.87 (1.14-6.81)
231 (1.04-5.12)
3.70 (1.07-12.77)
259 (1.09-6.18)
0.09 (0.03-0.29)

5.94 (1.98-17.79)
2.79 (0.94-15.23)
542 (1.82-16.20)

0.03
0.04
0.04
0.03
<0.01

<0.01

0.06
0.01

EMR: Endoscopic mucosal resection.

Table 3 Clinical and demographic characteristics of patients who developed post-polypectomy colorectal cancer at site distinct from

index AA/TSA/ASSA polypectomy 77 (%)

Characteristics Patients with post-polypectomy CRC (#» = 54) Patients who did not develop CRC (7 = 162) P value'
Demographics
Male sex 27 (50.0) 88 (54.3) 0.58
Age =70 26 (48.2) 52 (32.1) 0.04
Time interval from first treatment for 5.11 (2.67-10.37) 6.8 (4.0-10.26) 0.08
advanced adenoma till cancer or last
surveillance colonoscopy in years (median,
IQR)
Number of colonoscopies between first 1.24 +£1.58 1.65 £1.68 0.03
polypectomy and cancer (mean + SD)
Adenoma size (10-20 mm) 25 (48.1) 106 (65.8) 0.03
Adenoma size (= 20 mm) 9(17.3) 20 (12.4) 0.51
Flat/sessile 47 (92.2) 91 (58.71) <0.01
Degree of dysplasia
High grade 17 (31.5) 51 (31.5) -
Low grade/no dysplasia 37 (68.5) 111 (68.5) -
Number of attempts to remove the polyp 1.35 £ 0.68 1.33 £0.68 <0.01
(mean + SD)
Number of polyps resected at polypectomy 11 (20.4) 15 (9.5%) 0.04
(>3 polyps)
Polypectomy Device used
Hot snare 12 (22.2) 26 (16.05) 0.63
Cold snare 4(7.4) 12 (7.0) 0.63
Snare NOS 38 (70.5) 127 (76.5) 0.63
Additional treatments
Piecemeal removal 9 (16.7) 21 (13.0) 0.5
Injection-assisted EMR 3 (5.6) 16 (10.0) 0.33
Polyp location
Right colon 31 (57.4) 40 (24.7) <0.01
Left colon 13 (24.1) 89 (54.9) <0.01
Rectum 10 (18.5) 33 (20.4) <0.01

!P-values for continuous variables were obtained using the Kruskal-Wallis Test; Pearson’s Chi-square test was used for discrete variables. CRC: Colorectal

cancer.

were = 70 years old (P = 0.04). Fifty percent of these
patients with post-polypectomy CRC and 54% of those
in the comparison group were male. CRC developed
over a median follow-up of 2.64 years (1.0-6.33). Mean
tumor size was 4.48 + 4.81 cm. The most common site
of CRC was the transverse colon (22.2%) followed by
the cecum (18.5%), the ascending colon (18.5%), and
the hepatic flexure (18.5%). The proportion of patients
with stage 1-2 and stage 3-4 were 31.5% and 57.4%,
respectively. In 10 cases, the patients (18.5%) were
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diagnosed with metastatic disease. Details of patient
characteristics are shown in Table 3.

The most common causes associated with post-
polypectomy CRC development at another site were
non-adherence to recommended USPSTF surveillance
intervals (31.5%), followed by unknown causes
(27.8%), and incomplete colonoscopy (26.0%)
(Supplementary table 2). The 1-, 5-, and 10- year
cumulative incidences of cancer were 0.17%, 0.56%,
and 0.87%, respectively (Figure 2A). The median
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Figure 2 Cumulative incidence of de novo cancers after polypectomy in 4610 patients (A). A: Observed cumulative incidence curves of patients who developed
CRC at the same site (dashed lines) and a different site (dashed lines) from the index polyp in year 1, 2 and 3 were 0.3, 0.5, and 0.7 vs 0.17, 0.24, and 0.33,
respectively. B: Survival after CRC diagnosis at the same and different site. Kaplan-Meier Curves for Overall Survival among patients who developed CRC at the
same site and a different site distinct from the site of the high risk polyp indicates that there is no significant difference between the two groups. C: Cancer location, as
compared to removed polyp location in patients who developed CRC in area distinct from polypectomy site of the high risk polyp. From left to right: right colon polyps,
left colon polyps, rectal polyps. On Y axis is the number of right colon cancers (blue); left colon cancer (red) and rectal cancer (green).The figure shows that right sided
colon cancer was the most frequent location for a cancer to develop in a site distinct from the index polyp regardless of the location for the index polyp.

survival after CRC development was not significantly
different for patients who developed CRC at the same
site as compared to those who developed CRC at a
different site (15.2 years vs 12.7 years, P = 0.90)(
Figure 2B).

Right-sided post-polypectomy CRC were more
common than left-sided CRC (P < 0.01) (Figure 2C).
By multivariate analysis, patient age = 70 years at
time of polypectomy (HR = 3.02, 95%CI: 1.23-7.41,
P = 0.02); polyp shape (sessile vs pedunculated) (HR
= 3.92, 95%CI: 1.10-14.04, P = 0.04) and number
of polyps resected (HR = 4.05, 95%CI: 1.38-11.90, P
= 0.01) were significant factors associated with CRC
development at another site. Polyp location (left vs
right) (HR = 0.23, 95%CI: 0.08-0.63, P < 0.01) was
associated with decreased risk (Table 4).

DISCUSSION

This study showed that there is a persistent risk for
post-polypectomy CRC despite surveillance colonoscopy
for those polyps known to have the highest risk for
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malignant transformation. Even under watchful, directed
colonoscopic surveillance and management of those
polyps with the highest risk, 1.8% of patients developed
post polypectomy CRC at the index polyp site and 1.2%
developed CRC at a site distinct from the index AA/TSA/
ASSA.

Villous and tubular adenomas were the most
commonly observed histologies. ASSA/TSA were less
common, possibly due to limited recognition of the
serrated-cancer pathway during the time frame in this
study, but which has improved within the last decade.
One-third of patients developed CRC at the polypectomy
site despite following appropriate surveillance intervals.
This could be secondary to high endoscopic miss rate or
rapidly-progressing cancer development. We found that
increasing age at the time of polypectomy, humber of
polyps, polyp size, location, degree of dysplasia, and
piecemeal resection were associated with increased
CRC risk.

CRC developed at the index AA/TSA/ASSA poly-
pectomy site in 1.8% (84/4610) of patients despite
apparent initial complete resection of the high risk
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Table 4 Risk factors for post-polypectomy colorectal cancer distinct from index AA/TSA/ASSA site

Risk factors

Univariate analysis, HR (95%CI)

P value Multivariate analysis, HR (95%CI) P value

Male sex (M:F) 0.79 (0.40-1.57) 0.50 - -
Age at polypectomy (= 70) 3.68 (1.82-7.48) <0.01 3.02 (1.23-7.41) 0.02
Polyp size (= 20 mm) 1.93 (0.77-4.83) 0.16 - -
Degree of dysplasia (High: Low) 1.41 (0.65-3.08) 0.39 - -
Polyp location (Left colon: Right) 0.15 (0.07-0.34) <0.01 0.23 (0.08-0.63) <0.01
Polyp location (Rectum:Right colon) 0.22 (0.07-0.68) <0.01 0.23 (0.05-1.00) 0.05
Number of polyps resected at polypectomy (>3 polyps) 2.94 (1.14-7.54) 0.03 4.05 (1.38-11.90) 0.01
Polypectomy device used (Hot snare:Cold snare) 0.64 (0.22-2.34) 0.24 - -
Polyp shape (Flat/sessile: Pedunculated) 8.0 (2.62-24.05) <0.01 3.92 (1.10-14.04) 0.04
Piecemeal removal (Yes:No) 1.68 (0.67-4.22) 0.27 - -
Injection-assisted EMR (Yes:No) 0.70 (0.19-2.60) 0.59 -

EMR: Endoscopic mucosal resection.

polyp. In 25% of these cases in which CRC developed
at the index polypectomy site, the polyp had been
found on surveillance colonoscopy either to have
persisted or recurred, and subsequently progressed to
cancer. It is possible that some polyps were missed,
since colonoscopy has a failure rate of 6%-12% in
detecting adenomas > 10 mm[**#1, Alternatively, this
could be explained by rapid progression from adenoma
to CRC or by de novo CRC formation™, In spite of at
least one surveillance colonoscopy in which there was
no endoscopic evidence of recurrence of the index
polyp, CRC was identified at the index polypectomy site
on subsequent colonoscopy in nearly one third of those
who developed same site post polypectomy CRC.

Polypectomy techniques have been implicated as
one potential risk factor for post polypectomy CRC.
Endoscopic piecemeal mucosal resection has been
reported to be associated with 12.2%-55% rate for
recurrence at the polypectomy site!”***, which is known
to be suboptimal for full resection of flat polyps in part
because of the difficulty to completely identify, and
thus include with the resection, the tissue bordering
the polyp. Walsh et al studied 65 patients with large
flat polyps treated with piecemeal resection with
electrocautery snare. Nearly 14% of the polyps recurred
after at least one negative intervening examination,
and CRC developed in 17% of the patients after
complete resection of the large polyp"™. In another
study, the rate of recurrence after endoscopic mucosal
resection (EMR) with mucosal lift was observed in
7% of patients with flat polyps®*. In our study, CRC
occurred in 21 (27.6%) and 13(17.1%) of the patients
who received piecemeal resection and en bloc EMR
with mucosal lift, respectively. Piecemeal share excision
but not EMR with mucosal lift was an independent risk
factor for post polypectomy CRC in this study; but
further prospective studies are needed to examine the
prognostic utility of EMR with CRC development.

In our study, poor adherence to current surveillance
guidelines appeared to contribute to 8.3% of the cases
of post-colonoscopy CRC. A previous study showed
that delayed surveillance interval was associated with
the development of CRC in almost 2% of patients
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post polypectomy for advanced adenoma'®!. Risk
factors for pent surveillance was associated with a
colonoscopist’s having finished colonoscopy training
prior to 1990; presently being in training; practicing in
a non-academic setting, and performing a low life time
number of colonoscopies™,

In our study, we confirmed the finding by Robertson
et al®”! that patients who are older at the time of
polypectomy for AA are more likely to develop post-
polypectomy CRC. Toll et al reported that CRC
developed in 7% of patients with large polyps with high
grade dysplasia over an average of 7 mo™®. We also
found that patients with right-sided AA/TSA/ASSA are
more likely than those left-sided high risk polyps to
develop same site post-polypectomy CRC, possibly due
to the fact that flat polyps are more likely to arise in the
right-side of the colon and are more easily missed™,
Our study, like other studies, have implicated large (=
20 mm ) polyps as particularly high risk and in need
of a follow-up colonoscopy relatively soon after initial
resection because the residual polyp could persist
or recur with subsequent progression to CRC after
polypectomy™®. In this group of patients with persistent
or recurrent high risk polyps, markers that predict
whether a polyp needs to be removed with a colon
resection to prevent CRC have yet to be identified. The
clinical or molecular clues that distinguish the three
quarters of patients with recurrent AA/TSA/ASSA who
are able to be successfully treated with colonoscopic
therapy from the % of patients in whom the recurrent
polyps will progress to cancer need to be expanded
beyond the current features that declare a polyp as “high
risk”.

Our study highlights the risk of missing additional
adenomas or cancers at a surveillance colonoscopy
for follow up of an index AA/TSA/ASSA. Recognition
that post-polypectomy CRC can happen at a site
distinct from the index polypectomy even in individuals
undergoing more intensive surveillance may be
leveraged to improve the success rates of surveillance
colonoscopy. It is possible that by expanding the
proceduralist’s attention beyond evaluation of the
target lesion - in addition to utilizing each opportunity
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at the surveillance colonoscopy to perform a thorough
examination of the entire colon - may decrease
the unanticipated and undesired outcome of CRC
developing in spite of repeated surveillance. Adenoma
miss rates during colonoscopic surveillance have been
reported to range from 6% to 27%™!, Bressler et a/””
reported that the rates for new/missed colon cancer
which developed within 6-36 mo after colonoscopy were
approximately 6.0% in the right colon; 5.5% in the
transverse colon; 2.0% in the descending colon; and
2.3% in the rectosigmoid colon'®. Positive screening
tests such as Cologuard™ could improve colonoscopy
performance. Johnson et al found that endoscopists
who were aware of the Cologuard™ results spent more
time and found more hemorrhagic and precancerous
polyps than blinded endoscopists!*!. Features other
than colonoscopy adenoma detection and polypectomy
skills may contribute to these post-polypectomy CRCs
at either the index site or in other areas of the colon.

Our study has several limitations. In addition to the
retrospective nature of our study, we were not able to
obtain data on all patients who did not develop CRC due
to the large size of this cohort. To obtain reliable data
would have necessitated manual review of over 4000
patient medical records not available in the electronic
medical record to confirm the colonoscopy and pa-
thology data for surveillance colonoscopies done both
at Mayo and at other healthcare centers. Therefore,
the relatively small humber of post-polypectomy CRC
cases was compared to a randomly selected portion
of patients who did not develop post polypectomy
CRC, rather than to the entire cancer free cohort.
Another limitation is the relatively low number of TSA
or ASSA patients compared to those with AA. We did
not account for other confounding factors associated
with higher lifetime risks and mortality from CRC such
as the patient’'s BMI, smoking exposure, exercise,
use of aspirin or NSAIDs, prior colonoscopy exams,
or the adenoma detection rate of the performing
colonoscopist™*?,

This study shows that the applicability of current
evidence-based surveillance guidelines to some patients
with AA/TSA/ASSA is limited. There is insufficient data
to provide explicit guidance for the follow up of polyps
removed using specific treatments such as piecemeal
endoscopic resection™", Current surveillance guidelines
do not incorporate the impact of multiple high-risk
features such as the risk of a large AA/TSA/ASSA being
more recalcitrant or at higher risk for progressing to
cancer if present in the right versus left side of the colon
or the age of the patient. Current USPSTF guidelines
recommend 3-year surveillance interval following
polypectomy of adenoma with high-grade dysplasia
but does not account for other features!****, European
guidelines stratify intermediate risk polyps as having a
lower risk than EU guideline high risk polyps = 20 mm,
and recommend surveillance at 1 year for high risk
polyps. Our findings that post-polypectomy CRC was
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significantly associated with high, but not intermediate
risk polyps as classified by EU guidelines supports the
need for a one year surveillance colonoscopy for these
larger polyps currently not addressed in the USPSTF
recommendations. Developing a risk score to optimize
risk stratifications of patients with AA/TSA/ASSA might
result in better discrimination between low- and high-
risk patients. A recent study developed a scoring system
based on older age, male sex, adenoma number, size =
10 mm, villous histology, and proximal location at index
colonoscopy; which were found to be independent
predictors for detecting AA/TSA/ASSA, but not cancer,
at surveillance endoscopy!**!. Having additional
tools to risk stratify polyps will assist with making
recommendations for surveillance, could identify tissue
or molecular features that might be used to improve
visualization of polyps, and stratify the risks that a polyp
might recur or progress to cancer.

To our knowledge, this is the first study to determine
risk factors for incident CRC at the same site or at
another site in the colon following polypectomy of
advanced lesions. Current guidelines are still limited
in detecting such patients. Our study supports
Atkin et al’s'™*! study who recently reported that the
incidence of CRC in patients was higher in patients with
suboptimal quality colonoscopy, proximal polyps, large
or high-grade polyps at baseline. Patients with increasing
age and a history of large, multiple, highly dysplastic,
right-sided, and difficult to remove adenomas requiring
piecemeal resection are a high-risk population for the
development of CRC at the same site. Increasing age
and the presence of flat and/or right-sided adenomas
increased the risk of CRC at another site. A diagnosis
of CRC soon after complete colonoscopy may imply the
need for shortened surveillance intervals. Understanding
risk factors for subsequent CRC development and
developing molecular markers predictive of progression
to cancer are important for individualizing surveillance
recommendations following adenoma removal since
colonoscopy is not 100% sensitive tool in the identi-
fication or prevention of CRC in this population. In
order to better stratify a polyp’s risk for recurrence and
subsequent CRC will require further research to identify
molecular or other features to guide more individualized
polyp management.

ARTICLE HIGHLIGHTS

Research background

Screening colonoscopy has a 3.5% false negative rate for detection of
colorectal cancer (CRC) resulting in 17% of patients who had undergone colon
screening within 3 years being diagnosed with CRC. However, no large studies
have assessed the frequency and risk factors for CRC development among
individuals following advanced adenoma (AA)/traditional serrated adenoma
(TSA)/advanced sessile serrated adenoma (ASSA) removal. Recognition of this
group at high-risk for interval CRC is one step toward preventing morbidity and
mortality associated with CRC development.

Research motivation
Recognition that CRC could develop following AA/TSA/ASSA removal despite
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adherence to guidelines is one step toward improving our practice efficiency
and preventing a portion of CRC related morbidity and mortality. Understanding
risk factors and developing molecular markers that predict progression may
become important in order to individualize surveillance recommendations and
recognize those AA/TSA/ASSA patients at high-risk for interval CRC.

Research objectives

To report the frequency of interval CRC development following high-risk
polypectomy at the polypectomy site and another site distinct from polypectomy
site and to identify risk factors associated with development of cancer. Realizing
these objective is critical for future research since current evidence-based
surveillance guidelines are limited in predicting CRC risk in these patients.

Research methods

We reviewed medical records of all adult patients ( = 18 years of age) who
underwent colonoscopy (between January 1990 to December 2010 ) and were
found to have high-risk polyps ( either AA between January 1990 to December
2010 or ASSA/TSA between January 2000 to December 2010 ) to identify 4160
patients who had at least one follow-up surveillance colonoscopy following
polypectomy. We excluded patients with IBD, polyposis syndromes or other
genetic syndromes predisposing for CRC. Patients with a past history of CRC
were not excluded from our study. From this cohort, we identified 84 patients
who had developed CRC and matched to 252 patients who had not developed
CRC based on polyp histology and size (< or = 20 mm), degree of dysplasia
and decade that the index polyp was removed. Data abstracted included clinical
and pathological features of high-risk polyps, number and timing of surveillance
colonoscopies and post polypectomy CRC.

The data are reported as mean (+ SD), median (interquartile range, IQR),
ranges, and categorical variables by counts and percentages as appropriate.
Estimates of the rate of cancer for the entire cohort were determined by using
the Kaplan-Meier survival curve with log-rank test. We performed univariate
time-to-event analysis with Cox proportional regression models to identify risk
factors associated with development of cancer. Variables with P < 0.05 on
univariate analysis were included in a multivariate Cox proportional hazard
analysis to identify independent risk factors associated with malignancy. Finally,
penalized regression models were run using Lasso regression, with 10-fold
cross validation, to provide robust estimates of the model coefficients, which
should provide better predictions when used with external data. All statistical
analyses were conducted using JMP version 10 for Windows (SAS Institute
Inc., Cary, NC, United States), SAS (version 9) or R (version 3.2.3).

Research results

Despite colonoscopic surveillance and management of high-risk polyps, 1.8%
of patients developed post polypectomy CRC at or the index polyp site and
1.2% developed CRC at a site distinct from the index AA/TSA/ASSA. About
one-third of patients developed CRC at the polypectomy site despite following
appropriate surveillance intervals. Increasing age at the time of polypectomy,
number of polyps, polyp size, location, degree of dysplasia, and piecemeal
resection were associated with increased CRC risk. Current surveillance
guidelines are not sufficient since it does not take into account the impact
of multiple high-risk features of high-risk polyps for CRC development. This
study also highlights the risk of missing additional adenomas or cancers at a
surveillance colonoscopy for follow up of an index AA/TSA/ASSA. Resection
technique (Piecemeal snare excision) was an independent risk factor for post
polypectomy CRC in this study; but further prospective studies are needed to
examine the prognostic utility of EMR with CRC development.

Research conclusions

1.8% of patients developed post polypectomy CRC at the index polyp site and
1.2% developed CRC at a site distinct from the index AA/TSA/ASSA despite
surveillance colonoscopy. Surveillance colonoscopy for high-risk polyp does not
always prevent CRC cancer development. Current surveillance guidelines are
not sufficient in predicting CRC risk in some patients. Incorporate the impact of
multiple high-risk features of resected polyps in surveillance guidelines. Interval
CRC develops after high-risk polyp resection despite being in a surveillance
program. We compared patients who had developed interval CRC after high-risk
polyp resection at same site and different site and matched to patients who had
not developed CRC to identify risk factors associated with CRC development.
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Patients with increasing age and a history of large, multiple, highly dysplastic,
right-sided, and difficult to remove adenomas requiring piecemeal resection are
a high-risk population for the development of CRC at the same site. Increasing
age and the presence of flat and/or right-sided adenomas increased the risk of
CRC at another site. Colonoscopy is not 100% sensitive tool in the identification
or prevention of CRC. Shortened surveillance intervals may be needed post-
polypectomy in some patients with multiple high-risk features.

Research perspectives

Interval CRC cancer rate after high-risk polyp resection is low yet CRC does
develop in spite of post-polypectomy surveillance. We require further research
to identify molecular or other features to guide more individualized polyp
management. Study molecular features of patients who developed CRC at the
polypectomy site despite following appropriate surveillance intervals
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