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Abstract

Background: Factors associated with interval colorectal cancer (CRC) development in the
inflammatory bowel disease (IBD) population remain unclear.
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Aims: Amongst a cohort of patients with interval CRC, we aimed to evaluate IBD characteristics,
colonoscopy quality indicators, and surveillance guideline adherence.

Methods: We performed a retrospective review of IBD- and non-1BD-associated interval CRCs
diagnosed between January 2007 and December 2014 within a large U.S. healthcare system. We
evaluated risk factors for CRC amongst patients with IBD. We assessed adherence to surveillance
guidelines according to the American Society for Gastrointestinal Endoscopy (IBD surveillance)
and the U.S. Multi-Society Task Force on Colorectal Cancer (polyp surveillance). We compared
colonoscopy quality measures between patients with and without IBD.

Results: Amongst 5345 cases of colonic adenocarcinoma, we detected 15 IBD-associated cases
of interval CRC, and 230 non-IBD-associated cases of interval CRC. Compared to patients
without IBD, IBD patients were younger (54.5 vs. 70.4 years; p<0.0001) and experienced a shorter
interval between index colonoscopy and CRC diagnosis (20.7 vs. 35.1 months; p=0.0009). Fifty
three percent (8/15) of interval CRCs in IBD patients were detected within surveillance guidelines.
All IBD patients with interval CRC detected after guideline surveillance interval had high-risk
features, including active inflammation, previous low-grade or indefinite dysplasia, multiple
pseudopolyps on index colonoscopy, or a first-degree relative with CRC. There were no
differences in colonoscopy quality measures between patients with and without IBD.

Conclusions: This study stresses the importance of strict short-interval surveillance for IBD

patients with high-risk features, including active inflammation on index colonoscopy.
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Surveillance; Guidelines; Crohn’s disease; Ulcerative colitis; Interval colorectal neoplasia

INTRODUCTION

Colorectal cancer (CRC) surveillance for the patient with inflammatory bowel disease (IBD)
presents a special challenge to the practicing gastroenterologist. The risk of colorectal
neoplasia in patients with IBD is increased 2-5 times that of age-matched controls based on
population-based studies!— and is cited to account for approximately 10-15% of deaths in
IBD patients. A 2001 meta-analysis of 54,478 patients with ulcerative colitis across 116
studies described an overall prevalence of 3.7%, with an increasing cumulative probability
of cancer with each decade of disease duration.* A 2007 meta-analysis of 60,122 patients
with Crohn’s disease across 34 studies identified an increased relative risk of CRC of 2.4%,
with a strong correlation between location of diseased colon segment and location of colon
cancer.2 In a recent study of CRC outcomes, presence of inflammatory bowel disease was
associated with an increased risk of death (hazard ratio, 1.45; 95% CI, 1.29-1.63), compared
to sporadic CRC, with particularly worse 5-year survival in individuals under 50 years old
with inflammatory bowel disease.’ These statistics present an imperative to optimize CRC
prevention in the IBD population.

Based on these risks, current American Society for Gastrointestinal Endoscopy (ASGE)
colorectal cancer surveillance guidelines for IBD recommend the first screening
colonoscopy 8 years after disease diagnosis or at the time of diagnosis of PSC, with
subsequent surveillance colonoscopies every 1-3 years.8 Guidelines additionally set a 1-year
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surveillance interval for patients with high-risk features, including primary sclerosing
cholangitis; a history of dysplasia; active disease, stricture, or multiple pseudopolyps on
index colonoscopy; or a family history of CRC in a first-degree relative.8

These high-risk features do have a mechanistic basis. Inflamed mucosa transforms into
dysplastic tissue under the stress of positive inflammatory regulatory signals, including toll-
like receptors and chemokines, and loss of negative regulators, such as IL-10 and
transforming growth factor-B.2 As such, clinical markers of prolonged inflammation,
including age at IBD diagnosis, disease duration, and extent of disease (pancolitis for
ulcerative colitis and = 50% of colonic involvement for Crohn’s disease), are the greatest
risk factors for IBD-associated colorectal neoplasia.1% 11 Inflammation severity is another
risk factor for development of colorectal neoplasia in IBD, both at the endoscopic and
histologic levels.12 Pseudopolyp formation, which denotes previous severe inflammation,
has been associated with an increased risk of neoplasia in two previous studies, with
increased odds of up to 2.5 (95% CI 1.4 — 4.6).13. 14 Based on accumulation of these factors,
the risk of colorectal neoplasia in patients with ulcerative colitis approximates 2% following
10 years of disease, 8% following 20 years of disease, and 18% following 30 years of
disease.® The risk is less dramatic, but remains proportionately elevated for patients with
Crohn’s disease. Concurrent primary sclerosing cholangitis (PSC) presents the highest risk
for development of IBD-associated colon cancer.1%16

Despite guidelines, interval colorectal cancers, cancers that develop before the next
recommended surveillance colonoscopy, do occur. In a recent study of 1273 individuals with
inflammatory bowel disease undergoing a routine surveillance program in the Netherlands,
1.3% (17 individuals) developed colorectal cancer.1” All but 5 cancers were attributed to
inadequate colonoscopy quality, inadequate surveillance interval, or inadequate management
of previous dysplasia. However, in a population subject to frequent endoscopic procedures,
the relative contributions of colonoscopy quality and guideline adherence for high-risk IBD
features in development of interval colorectal cancer have not been explored.

In a cohort of 245 patients with interval colorectal cancer, we aim to further understand
drivers for interval colorectal neoplasia in the IBD population, with specific attention to the
roles of colonoscopy quality and high risk clinical IBD features. We describe features
associated with interval colorectal neoplasia in the IBD population and assess adherence to
ASGE guidelines for cancer surveillance in this population. These guidelines have the most
stringent intervals amongst international 1BD surveillance guidelines,8: 18-21 providing a
conservative basis for assessment of the role of guideline adherence in development of
interval colorectal cancer. We compare non-IBD risk factors (such as cecal intubation rate
and preparation) for interval CRC amongst patients with and without IBD.

METHODS
Study Cohort

Utilizing an electronic pathology database, we identified 5345 diagnoses of colonic
adenocarcinoma between January 1, 2007 and December 31, 2014 at two large U.S.
academic medical centers and an affiliated community hospital. Amongst these, based on
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prior studies of interval colorectal cancer, patients who underwent index colonoscopy
between 6 months and 5 years before diagnosis of colonic adenocarcinoma were assessed
for endoscopist and guideline-recommended follow-up and included in analysis.?2: 23 This
cohort has been previously described.2 Patients with interval CRC were assessed for a
history of IBD. For IBD patients, we recorded disease characteristics, including type and
location of disease; age at diagnosis; past and current IBD therapies at time of colon cancer
diagnosis; presence of pseudopolyps, stricture, or active inflammation on index
colonoscopy; previous history of indefinite, low-grade, or high-grade dysplasia; and
smoking status. For all patients with interval CRC, we assessed for personal history of colon
cancer, family history of colon cancer in a first-degree relative, and presence of a hereditary
colon cancer syndrome.

We reviewed the index colonoscopy (the last colonoscopy performed) prior to each case of
interval CRC. We recorded the procedure date, the indication, the performing endoscopist,
the bowel preparation quality (modified Aronchick Assessment with fair and poor prep
considered inadequate), cecal intubation, and the number, size, and location of polyps. For
IBD patients, we also noted whether random or targeted surveillance biopsies were
performed. We utilized colonoscopy reports, progress notes, and patient results letters to
determine the endoscopist-recommended interval follow-up. We reviewed pathology reports
from the index colonoscopy to determine polyp histology and presence and location of
inflammation. We reviewed pathology from the time of colon cancer diagnosis for date of
diagnosis, histologic diagnosis, and location of the cancer.

Assessment of Guideline Adherence

We utilized the ASGE® guidelines regarding the role of endoscopy in IBD to determine
endoscopic surveillance intervals for patients with IBD (table 1). For all patients with = 8
years of extensive or left-sided disease and no additional high-risk features, we used a
surveillance colonoscopy interval of 3 years, consistent with the most lenient interval
recommended by the ASGE. We used a surveillance interval of 1 year for all patients with
primary sclerosing cholangitis; findings of dysplasia, active inflammation, pseudopolyps, or
stricture on index colonoscopy; and first-degree relative with CRC at age < 50.

Appropriate interval follow-up for non-1BD surveillance purposes was determined based on
the 2012 U.S. Multi-Society Task Force on Colorectal Cancer surveillance guidelines. The
guideline recommendations for each finding are listed in table 1. Interval colon cancer
surveillance guidelines are based on of the National Comprehensive Cancer Network.2>
Guideline recommendations are listed in table 1. Patients without documentation regarding
colonoscopy preparation, cecal intubation, endoscopist-recommendation of interval follow-
up, and polyp pathology were excluded from analysis regarding adherence to guidelines.

Statistical Analysis

We performed descriptive analysis of patients with IBD diagnosed with interval CRC using
proportions and means. Index colonoscopy characteristics and non-IBD associated risk
factors for CRC were separately analyzed in IBD and non-1BD patients. Categorical
variables were described using number and percent, and were compared between groups
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using chi-squared tests. Continuous variables were reported as means and standard
deviations, and were compared between interval colon cancer patients with and without IBD
using t-tests, as all data met criteria for normality.

For IBD and non-1BD patients, we divided cases of interval CRC into two groups: those that
were detected before or at (including up to 90 days after) the guideline surveillance interval,
and those that were detected at least 90 days after the guideline surveillance interval. We
also assessed whether interval CRCs were detected before or at (including up to 90 days
after) the endoscopist-recommended surveillance interval. We compared the proportion of
patients with and without IBD in each window using chi-squared tests.

We performed all statistical analysis using SAS Studio (SAS Institute Inc., Cary, NC). For
all comparative analysis, we considered a two-sided p-value < 0.05 as statistically
significant.

Ethical Considerations

RESULTS

This study was approved by the Massachusetts General Hospital Institutional Review Board.

Amongst 39,644 surveillance colonoscopies, 5,345 colon cancers were diagnosed between
January 1, 2007, and December 31, 2014. Of these, 245 (4.6%) were interval colorectal
cancers. Fifteen of 245 (6.1%) interval CRCs occurred in patients with IBD, while 230 of
245 (93.9%) occurred in patients without IBD. The incidence of interval colorectal cancer
was 0.69% (15 cases / 2184 1BD surveillance colonoscopies) in the IBD population and
0.61% (230 cases / 37,460 surveillance colonoscopies) in the non-1BD population.

The disease characteristics of IBD patients with interval CRC are in table 2. Ten of 15
(66.7%) IBD patients had a diagnosis of ulcerative pancolitis. The remainder (5/10; 33.3%)
carried a diagnosis of Crohn’s disease with either colonic (40.0%) or ileocolonic (60.0%)
distribution. Patients had an average IBD duration of 21.1 (SD 12.2) years. Only one patient
had concurrent primary sclerosing cholangitis. Two patients had a personal history of colon
cancer and two patients had a family history of colon cancer in a first-degree relative.
Overall, disease appeared mild, as only 4/15 (26.7%) patients were on biologic therapy at
the time of CRC diagnosis. However, 12/15 (80.0%) had active disease, both endoscopically
and histologically, at time of index colonoscopy. Five patients had a history of indefinite (2),
low-grade (2), or high-grade (1) dysplasia within 5 years of the index colonoscopy.

All IBD patients with interval colorectal cancer underwent index surveillance colonoscopy
by white light endoscopy. Thirteen of 15 (86.7%%) individuals underwent random
surveillance biopsies, while 1/15 (6.7%) underwent targeted biopsies alone, and 1/15 (6.7%)
had both random and targeted biopsies.

On histologic review of the interval colonic adenocarcinoma, 11/15 patients with IBD were
confirmed to have IBD-associated CRC on the basis of chronic inflammation at the site of
malignancy with or without other foci of low- or high-grade dysplasia either near the
adenocarcinoma site or elsewhere in the colon. Two IBD patients were diagnosed with
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sporadic colorectal cancer based on pathology. In the remaining two patients, histologic
review was unable to differentiate between adenocarcinoma arising from an area of IBD-
associated polypoid dysplasia or a sporadic polyp. Ten of 11 patients with confirmed IBD-
associated CRC had active IBD at the site of malignancy on index colonoscopy.

Table 3 presents analysis comparing interval between index colonoscopy and CRC
diagnosis, age of CRC diagnosis, and known non-1BD-related risk factors for colorectal
cancer in patients with and without IBD. As compared to patients without IBD, patients with
IBD were significantly younger at age of interval CRC diagnosis (54.5 vs. 70.4; p<0.0001).
IBD patients also experienced a shorter time from index colonoscopy to interval CRC
diagnosis (20.7 months vs. 35.1 months; p=0.0009). Both IBD and non-IBD patients
experienced similar index colonoscopy quality, as measured by rates of cecal intubation and
adequate preparation. They also had similar rates of previous colorectal cancer and family
history of colorectal cancer. No patients with IBD carried a diagnosis of a hereditary
polyposis syndrome.

Adherence to ASGE IBD-related surveillance guidelines is presented in table 4. A total of
8/15 (53.3%) interval CRCs were detected within surveillance guidelines. Only 2/12
(16.7%) patients with active inflammation on index colonoscopy experienced interval CRC
detection within the recommended surveillance window. Only 1/5 (20%) patients with a
history of dysplasia within the past 5 years underwent surveillance colonoscopy within 1
year. Neither of the two patients with a family history of CRC underwent 1-year
surveillance. Only 1/3 (33.3%) patients with multiple pseudopolyps underwent interval
surveillance within 1 year.

The proportion of patients diagnosed before or within the guideline cancer surveillance
interval (8/15) was not significantly different than the proportion of non-1BD patients
diagnosed before or within the guideline interval (144/230; p=0.487). Only 9/15 patients
with IBD had a clear, documented endoscopist interval follow-up recommendation at the
time of index colonoscopy. Seven of 15 (46.7%) IBD patients were diagnosed with interval
CRC before or within the endoscopist-recommended interval. This was not significantly
different than the 137/230 (59.3%) non-IBD patients diagnosed before or within the
endoscopist-recommended interval (p=0.336).

DISCUSSION

In this U.S. multicenter study of interval colorectal cancer involving two academic hospitals
and a community-based affiliated hospital, patients with IBD were diagnosed with interval
colorectal cancer at a significantly younger age and with a significantly shorter interval from
index colonoscopy as compared to patients without IBD. The preponderance of IBD patients
with interval colorectal cancer had active disease at the time of index colonoscopy. We found
no significant differences in colonoscopy quality measures, including cecal intubation rate
and preparation quality, amongst patients with and without 1BD.

In our cohort, only 53.3% of patients were diagnosed with interval CRC within the ASGE
surveillance window, specifically due to non-adherence to surveillance guidelines for the
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subset of non-PSC patients with high-risk features. Our stratified analysis by high-risk
features shows that the largest opportunity for improvement is in the surveillance of patients
with active disease at time of index colonoscopy. Eighty percent (12/15) of patients with
IBD had active disease at the time of their index colonoscopy, 75% (9/12) of whom were
diagnosed with interval CRC on colonoscopy that occurred after the 12-month ASGE
surveillance guideline interval recommendation. Though the ASGE guidelines are the most
stringent of international IBD surveillance guidelines for surveillance of patients with active
IBD,8 18-21 presence of active inflammation in the majority of IBD patients in our interval
CRC population and detection of most cancers outside of the ASGE window support this
degree of rigorous surveillance and improved methods of surveillance in this population.

Active disease has been associated with an increased risk of dysplasia in past studies.

12, 26-28 | 4 case control study of patients with ulcerative colitis, Rutter et al. demonstrated
a correlation between both colonoscopic (OR 2.5; P<0.001) and histologic (OR 5.1;
P<0.001) inflammation and risk of neoplasia.28 Rubin et al. also demonstrated multivariable-
adjusted increased odds of colorectal cancer of 3.68 (p=0.001) in ulcerative colitis patients
with active histologic inflammation as compared to controls, when adjusted for family
history of CRC, medications, smoking status, and PSC.27 A prospective cohort study of
patients with ulcerative colitis undergoing dysplasia surveillance demonstrated an advanced
neoplasia hazard ratio of 3.4 (95% CI 1.1-10.4) in patients with an increased binary
histologic activity score as compared to those without.12

The mechanistic basis for progression to colorectal cancer in patients with active IBD is well
defined. Inflammatory and dysbiotic signals exert a field effect on constantly re-
epithelializing and chronically inflamed tissue, leading to dysplasia.? 29 Dysplastic tissue
progresses to CRC through molecular pathways including chromosomal instability,
microsatellite instability, and the CpG island methylator phenotype (CIMP) pathway.®: 30-32
In addition to accelerating dysplasia, active inflammation may also hide dysplastic lesions
that would otherwise be visible with modern endoscopic techniques.33: 34 Strict adherence to
surveillance of patients with active disease on index colonoscopy is an important component
of dysplasia surveillance.

Like patients with active inflammation, only 20% of patients with previous indefinite (2),
low-grade (2), or high-grade dysplasia (1) were diagnosed with interval CRC within the 1-
year guideline interval. It remains uncontested in the literature that close follow-up of
dysplasia is paramount.16: 33-36 Dye to the field effect of inflammation, the presence of
dysplasia could indicate the presence of synchronous lesions that may be equivalent to or
higher grade than the dysplasia found.3”: 38 Fortunately, advanced imaging techniques,
including high-definition endoscopy and chromoendoscopy, have led to the ability to
visualize most dysplasia.33: 34 The recommended management of flat high-grade dysplasia
remains surgery, while patients with indefinite or low-grade dysplasia, especially if
completely resected, may continue close surveillance with either high-definition endoscopy
or chromoendoscopy.3* 37 Part of this study period occurred prior to the routine use of high-
definition imaging for dysplasia surveillance, but emphasizes the importance of strict
surveillance.
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Our study has many strengths. First, we leveraged a large multicenter cohort from academic
institutions that specialize in IBD care to determine the impact of factors on the endpoint of
interval colorectal cancer diagnosis, rather than intermediary dysplasia. Studies of interval
cancer are critical because they directly evaluate the most concrete clinical endpoint of
screening. Second, we were able to utilize colonoscopy quality indicators, including
preparation quality and cecal intubation rates amongst patients with interval colorectal
cancer both with and without IBD, to evaluate both IBD and non-IBD related risk factors for
interval colorectal cancer. Lastly, through our electronic health record, we were able to
assess documented provider-recommended interval follow-up to determine if patient or
provider factors influenced non-adherence to surveillance guidelines.

Our results must be interpreted within the limitations of our study design. To the benefit of
our patients, we identified very few interval colorectal cancers in patients with IBD. Though
all patients appeared to be long-term patients within the participating institutions, an
intervening colonoscopy performed at an outside institution may have been missed.
Colonoscopies were also not graded to objectively assess endoscopic disease severity; as
such, disease activity was categorized on a binary basis. Though degree of endoscopic and
histologic disease activity is less relevant when interpreting American colorectal cancer
surveillance guidelines in IBD,8 21 it is a cornerstone of surveillance intervals in European
guidelines,18-20 possibly limiting the generalizability of these findings. Many cases of IBD-
associated CRC in this cohort were diagnosed prior to the current American and European
guidelines, and would have been found in adherence with previous guideline
recommendations. This discrepancy further supports the current guidelines and the need for
close surveillance of IBD patients with high-risk features.

In summary, IBD patients with interval colorectal cancer had a significantly younger age of
onset and decreased time from index colonoscopy to time of interval CRC diagnosis as
compared to patients without IBD. Our findings support active inflammation as an important
risk factor for interval colorectal cancer in IBD patients, with opportunity for earlier
detection of colorectal cancer or dysplasia through improved surveillance of patients with
recent active disease.
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Guideline intervals for colonoscopy surveillance in patients with a history of inflammatory bowel disease,

colorectal cancer, and previous polyps.

Personal History of Inflammatory Bowel Disease

History

Interval Recommendation

> 8 years of left-sided or extensive disease
Primary Sclerosing Cholangitis
Active inflammation

History of dysplasia

1-3 years
1 year
1 year
1 year

Family history of colorectal cancer in first-degree relative <50 1 year

Multiple pseudopolyps

Stricture

1 year
1 year

No personal history of inflammatory bowel disease or colon cancer

Finding

Interval Recommendation

Normal Colonoscopy, no FH colon cancer
Normal Colonoscopy, colon cancer in 15--degree relative
Adenomas
1-2 less than 10 mm
3-10 less than 10 mm
Any adenoma > 10 mm
Personal history of polyposis syndrome
Inadequate preparation (fair or poor)

Incomplete colonoscopy (did not reach cecum)

10 years

5 years

5 years
3 years
3 years
1 year
1 year

Immediate Repeat

Personal History of Colon Cancer

History

Interval Recommendation

First colonoscopy after colectomy for cancer diagnosis

1 year

Index colonoscopy within 4 years of original cancer diagnosis 3 years

Index colonoscopy over 4 years from cancer diagnosis

5 years
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Table 2:

Disease characteristics of patients with inflammatory bowel disease diagnosed with interval colon cancer
(N=15)

Disease Characteristics Value

Type of Inflammatory Bowel Disease
Ulcerative colitis, n (%) 10 (66.7)
Crohn’s disease, n (%) 5(33.3)

Disease Extent (Ulcerative colitis)

Pancolitis, n (%) 10 (100.0)

Disease location (Crohn’s disease)

Colonic, n (%) 2 (40.0)
lleocolonic, n (%) 3(60.0)
Age of IBD diagnosis, mean (SD) 33.5(11.3)

Primary Sclerosing Cholangitis, n (%) 1(6.7)
Disease duration at CRC diagnosis, mean (SD) 21.1(12.2)
Active disease at time of index colonoscopy, n (%) 12 (80.0)
Pseudopolyps on index colonoscopy, n (%) 3(20.0)
Stricture on index colonoscopy, n (%) 1(6.7)

Low-grade or indefinite dysplasia on colonoscopy prior to CRC diagnosis, n (%) 4 (26.7)

High-grade dysplasia on colonoscopy prior to CRC diagnosis, n (%) 1(6.7)

Therapy at time of CRC diagnosis, n (%)

Anti-Tumor necrosis factor 4(26.7)
Thiopurine 2 (13.3)
5-ASA 9 (60.0)
Prednisone 1(26.7)

Previous maintenance medications, n (%)

Anti-Tumor necrosis factor 0(0.0)

Thiopurine 4(26.7)

5-ASA 4(26.7)
Smoking, n (%)

Never 11 (73.3)

Past 4 (26.7)

Current 0(0.0)
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Comparison of index colonoscopy and non-inflammatory bowel disease risk factors for interval colorectal

cancer in patients with and without inflammatory bowel disease
IBD Non-IBD P

Female, n (%) 4(26.7) 103 (44.6) 0.18
Age at index colonoscopy, mean (SD) 52.8 (15.6) 67.5(11.7) <0.0001
Age of CRC diagnosis, mean (SD) 54.5(15.7) 70.4(11.8) <0.0001
Time from index colonoscopy to cancer diagnosis (months), mean (SD) 20.7 (14.1) 35.1(16.1) 0.0009
Indication for index colonoscopy

Screening, n (%) 10 (66.7) 67 (29.1) 0.002

Surveillance, n (%) 3(20.0) 103 (44.8)  0.06

Diagnostic, n (%) 2(13.3) 60 (26.1) 0.27
Cecum intubated, n (%) 14 (93.3) 210(92.1) 0.86
Adequate prep, n (%) 10 (76.9) 154 (75.1) 0.88
Personal History of CRC, n (%) 2(18.3) 38 (16.5) 0.75
HNPCC or FAPJ, n (%) 0(0.0) 7(3.0) 049
Family history CRC, n (%) 2(13.3) 23 (10.0) 0.67

1

HNPCC = Hereditary nonpolyposis colorectal cancer, FAP = Familial Adenomatous Polyposis
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Adherence to ASGE inflammatory bowel disease surveillance guidelines® amongst patients with inflammatory

bowel disease

History

Surveillance colonoscopies within ASGE guidelines

— Proportion (%)

> 8 years of left-sided or extensive disease (without additional high-risk features)

Primary Sclerosing Cholangitis

Active inflammation

History of dysplasia within the past 5 years

Family history of colorectal cancer in first-degree relative < 50

Multiple pseudopolyps

Stricture

3/3 (100.0)
1/1 (100.0)
2/12 (16.7)
1/5 (20.0)
0/2 (0.0)
1/3 (33.3)
1/1 (100.0)
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