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Abstract
Colorectal carcinoma (CRC), as the third most common 
new cancer diagnosis, poses a significant health 
risk to the population. Interval CRCs are those that 
appear after a negative screening test or examination. 
The development of interval CRCs has been shown 
to be multifactorial: location of exam-academic 
institution versus community hospital, experience 
of the endoscopist, quality of the procedure, age of 
the patient, flat versus polypoid neoplasia, genetics, 
hereditary gastrointestinal neoplasia, and most 
significantly missed or incompletely excised lesions. The 
rate of interval CRCs has decreased in the last decade, 
which has been ascribed to an increased understanding 
of interval disease and technological advances in the 
screening of high risk individuals. In this article, we aim 
to review the literature with regard to the multifactorial 
nature of interval CRCs and provide the most recent 
developments regarding this important gastrointestinal 
entity. 
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Core tip: Interval colorectal cancers (CRCs) represent 
a small but important subgroup of colorectal cancers. 
Interval CRCs are those that appear after a negative 
screening test or examination. The development of 
interval CRCs has been shown to be multifactorial. We 
aim to review the multifactorial nature of interval CRCs 
and provide the most recent developments regarding 
this important entity.
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INTRODUCTION
Colorectal carcinoma (CRC) is the third most com­
mon new cancer diagnosis as well as the third 
most common cause of death due to cancer[1]. An 
estimated 96090 new cases of colorectal cancer with 
49700 deaths are expected to occur in the United 
States for 2015[1]. The 5-year survival rate for CRC 
that is localized at the time of diagnosis is 90% with 
a decrease to 68% with regional involvement and 
a precipitous decline to 10% if distant metastases 
are discovered[2]. Colonoscopy has been an effective 
measure in the screening and ultimate prevention 
of CRC with a 30-year decline in new cases and 
deaths as a result of CRC[3]. There are over 12 million 
colonoscopic procedures performed in the USA 
each year with roughly half occurring due to CRC 
prevention[3]. The current prevention strategy dictates 
that at 50 years of age a screening colonoscopy 
be performed and every ten years subsequent to 
a negative exam[4]. The United States Preventative 
Services Task Force recommends against the routine 
screening of any individual after the age of 75[5]. 
Adenomatous as well as serrated polyps harbor 
malignant potential and require additional early 
screening for the development of CRC[5]. Those patients 
with two or more tubular adenomas that measure 
less than 10 mm should have a colonoscopic exam 
every 5 years[5]. A three year repeat colonoscopy is 
required for patients that have three to 10 adenomas, 
an adenoma or serrated polyp greater than or equal 
to 10 mm, an adenoma with villous features or high 
grade dysplasia, a dysplastic serrated adenoma, 
or a traditional serrated adenoma[5]. Endoscopic 
surveillance becomes more tenuous in cases of 
inflammatory bowel disease (IBD). Inflammatory 
bowel diseases, specifically ulcerative colitis and Crohn’
s disease, are damaging processes that result from 
the constant assault on the bowel by inflammation. 
Ulcerative colitis characteristically involves the rectum 
with proximal extension to involve all or just a portion 
of the colon. However, Crohn’s disease is characterized 
by its patchy involvement of the gastrointestinal 
tract from the mouth to the anus. There is a bimodal 
age distribution for inflammatory bowel disease with 
peak incidences in the age range of 15-30 years and 
50-80 years[6]. Inflammatory bowel disease shows 
its highest prevalence in western countries, with 
nearly 1.4 million Americans affected[7]. Patients with 
inflammatory bowel disease are at increased risk for 
CRC as well as a more rapid progression to CRC[8]. 
However, the overall incidence of IBD-related CRC 
has decreased in recent years[9]. Of the conditions 
which are risk factors for the development of CRC, 

IBD ranks third behind familial adenomatous polyposis 
(FAP) and hereditary nonpolyposis colorectal cancer 
syndrome (HNPCC/Lynch syndrome)[10]. In the general 
population, screening colonoscopy seeks to identify 
dysplastic or premalignant conditions, namely colon 
polyps, which are typically easily visualized and 
resected[11]. In stark contrast, dysplasia in IBD is 
difficult to recognize at colonoscopy, as it is often seen 
to arise from flat, plaque-like, or occasionally raised 
polypoid lesions defined as dysplasia-associated lesion 
or masses (DALM)[11]. In addition to the difficulties 
posed by flat dysplasia, operator-dependent variability 
and the quality of examination contribute to the 
inconsistent effectiveness of colonoscopy, especially 
in the proximal colon[12]. All of these factors, as 
well as additional contributing factors that will be 
subsequently discussed, contribute to what is called 
interval colorectal carcinoma.

DEFINITION AND INCIDENCE OF 
INTERVAL COLORECTAL CARCINOMA
The definition of interval CRC is varied and complex. 
Therefore, the Expert Working Group on interval CRC 
of the Colorectal Cancer Screening Committee of the 
World Endoscopy Organization (WEO) has set out 
to standardize the nomenclature for its definition[12]. 
After a literature review, the WEO has defined an 
interval CRC as “colorectal cancer diagnosed after a 
colorectal screening examination or test in which no 
cancer is detected, and before the date of the next 
recommended exam”[12]. Samadder et al[13] conducted 
a population based-study of Utah residents and 
observed that 3.4% of all CRCs occurred in 6-36 mo 
from their index colonoscopy. Singh et al[14] looked 
at 4883 cases of CRCs and concluded that 1 in 13 
CRCs may be an early or missed CRC, diagnosed 
after an index colonoscopy. Whereas, additional data 
suggests that 1 in 45 of CRCs are of the interval 
type[15]. Several studies site incidence rates of interval 
CRC to be as high as 9% of all diagnosed CRCs[15]. 
Site specific interval CRCs were identified and include 
(based on nine studies): 4615 proximal interval CRCs 
out of 53847 total proximal CRCs and 2726 distal 
interval CRCs out of a total 77922 distal CRCs[10]. 
This corresponds to 1 in 15 proximal CRCs being 
interval and 1 in 34 distal CRCs being interval[10]. 
Proximal interval CRCs are 2.4 times more likely when 
compared to distal interval CRCs[10]. Sanduleanu et 
al[15] calculated the magnitude of threat posed by 
interval CRCs to be in the range of 30000 out of one 
million new cases of CRC diagnosed worldwide each 
year, based on an average-risk scenario of 1 out of 30 
diagnosed CRCs. 

RISK FACTORS
There are several factors that have been implicated in the 
development of interval CRCs including: technical factors, 
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biology-related, nonpolypoid colorectal neoplasms, 
serrated lesions, hereditary cancer syndromes (for 
example Lynch Syndrome), among others[15]. 

Technical factors
Colonoscopy value, defined using both health outcomes 
and cost, is intimately linked to the physician performing 
the procedure, university facility versus community 
practice, site of service, and the engagement of the 
patient in the colonoscopy sequence[3]. Physician factors 
have proved most directly related to the risk of an 
interval CRC. The use of three quality metrics: adenoma 
detection rate, use of recommended screening and 
surveillance intervals, and cecal intubation rate are 
measures which are used to establish this link[3]. A 
great deal of data exists to support the notion that 
colonoscopy is less effective in preventing right sided 
CRCs and that those trained in proper colonoscopic 
techniques, specifically gastroenterologists, are more 
effective in the prevention of CRC when compared to 
other types of physicians[16-22].

Early colorectal neoplasia has been increasingly 
treated by conventional endoscopic resection, 
including endoscopic mucosal resection (EMR) and 
polypectomy[23]. Piecemeal EMR is an accepted 
treatment option for large adenomatous colorectal 
neoplasms (> 20 mm) in diameter, however it is 
more advantageous to resect neoplasia with en bloc 
resection, which results in a more accurate histological 
assessment[23]. With that being said, endoscopic 
submucosal dissection (ESD) is an effective, safe, 
and convenient approach that has gradually been 
established and has now in more general use[23]. 
ESD, like polypectomy (discussed subsequently), 
also falls prey to the problem of incomplete resection 
and local recurrence[23]. Oka et al[23], using data 
from a multicenter prospective cohort, showed that 
piecemeal resection is the most important risk factor 
for a local recurrence after endoscopic resection 
(ER), irrespective of the method of ER used. They 
report local recurrence rates of 0%-17.9% for en bloc 
resection and 4.8%-31.4% for piecemeal resection[23]. 
Hence, the guidelines for CRC screening and 
surveillance recommend a follow-up colonoscopy at 3-6 
mo after piecemeal EMR[23]. Like endoscopic resection, 
incomplete polypectomy and missed lesions are evolving 
as a substantial risk factor for the development of interval 
CRCs. Robertson et al[24] showed that 26% of interval 
CRCs developed in the same anatomical area as where 
the patient’s previous polypectomy occurred. Chen et 
al[25] also showed similar results of interval CRC after 
incomplete polypectomy. In a study performed by 
Atkin et al[26], 31 of 842 patients with tubulovillous 
adenomas, specifically of the rectosigmoid, which were 
most likely incompletely excised, ended up developing 
interval CRCs. Missed lesions were the most probable 
cause of interval CRC in 15 out of 28 patients as 
revealed by le Clercq et al[27]. Additionally, using 

pooled data on 9167 adenoma patients, Robertson 
et al[28] showed that 58 people were diagnosed with 
CRC within 4 years of colonoscopy and three quarters 
were likely the result of a missed lesion, incomplete 
adenoma resection or failed biopsy detection. 

Patient related factors also contribute to the risk of 
interval CRC. Patients with interval CRCs are on average 
6 years older than those with non-interval colon cancer 
and typically have substantial co-morbidities, such as 
cardiovascular disease or a history of diverticulosis[15]. 
Patients who are older, frail, and have co-morbidities 
are more prone to have inadequate bowel preparations, 
which may explain the increased risk of interval CRCs 
seen in these individuals[15]. Colonoscopic examination 
can be difficult in patients with diverticular disease 
and when coupled with the fact that patients with 
diverticular disease have a higher risk of harboring 
adenomas and advanced adenomas in the sigmoid 
colon, may increase the risk of interval CRC in these 
persons[29]. 

Sessile serrated adenoma/polyps
In order for interval CRCs to occur several conditions 
need to be fulfilled; namely, a precursor lesion 
that is rapidly progressive, evades detection, and 
is difficult to resect[30]. Sessile serrated adenomas 
(SSA) are the perfect precursor that fulfills these 
criteria. SSAs without dysplasia are often difficult for 
endoscopists to detect due to their flat and indistinct 
nature. SSA prevalence at colonoscopy has always 
been accepted to be in the realm of 2%, however, 
recent evidence suggests that these lesions may be 
more common than previously thought, specifically 
4-6 fold higher[31]. Endoscopically, sessile serrated 
adenomas with dysplasia (SSA-D) are identifiable 
due to their dysplastic component, which appears 
to the endoscopist as a typical adenoma; however, 
when the endoscopist resects the polyp, the dysplastic 
component is removed leaving the nondysplastic 
component behind[30]. Endoscopic snare resection of 
SSAs are often incomplete with studies suggesting that 
in 31% of cases residual SSAs are left behind, when 
compared to conventional adenomas, a residual rate of 
only 7.2% is seen[32]. Large SSAs (1-2 cm) show even 
greater rates of residual tumor, with one study showing 
up to 48% of large SSA polypectomies resulting in 
residual disease[32]. The reason for such concern over 
an incomplete SSA polypectomy lies in the genetic 
make-up of these neoplasms. Sessile serrated 
adenomas commonly have activating mutations of the 
BRAF proto-oncogene, and develop hypermethylation 
of the CpG promoter regions of mismatch repair genes 
(i.e., MLH-1), which leads to microsatellite instability 
(MSI) and is a well-recognized path to CRC[30]. As 
discussed earlier, many interval CRCs are proximal in 
location and are CIMP-H as well as MSI positive, which 
strongly suggests a role for SSA in the development 
of interval CRC[30,33]. SSAs have been associated with 
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both IBD patients as well as non-IBD patients. Their 
findings showed that out of 3589 early/missed lesions, 
54 were seen in Crohn’s patients, 103 in UC patients, 
and 3432 in non-IBD patients. Patient’s without IBD 
showed a rate of early/missed CRCs after colonoscopy 
in the range of 5.8%; however, the rate increased 
substantially in those patients with IBD to 15.1% for 
Crohn’s and 15.8% for UC[36]. Similar to our discussion 
of sporadic interval CRC in non-IBD patients, interval 
CRCs in patients with IBD may be explained again by 
clinician-dependent factors including: missed lesions, 
incomplete resection, or deviation from set surveillance 
protocols[44]. In contrast to non-IBD interval CRC, the 
presence of active or chronic background inflammation 
seen in patients with IBD causes diversity in the 
appearance of dysplastic lesions and thus increases 
the complexity of the study for the endoscopist[44]. 
Like SSA, dysplastic lesions in patients with IBD 
are often flat and easily missed on colonoscopy[44]. 
The difficulties presented by flat dysplasia in IBD 
led Maastricht University Medical Center to perform 
a study where endoscopists were trained on the 
recognition of nonpolypoid colorectal neoplasms (NP-
CRN)[45]. They determined that intensive training with 
regard to NP-CRNs lead to similar detection rates 
among their staff gastroenterologists and GI trainees, 
suggesting that clinical awareness was more important 
than experience in the detection of flat lesions[45]. Strict 
adherence to the prescribed colonoscopic surveillance 
in IBD patients can be tenuous due to a multitude of 
factors such as: the patient’s understanding of cancer 
risk, disease flares and associated co-morbidity, and 
disease activity causing a delay in surveillance[44]. 
Therefore, patient education to include disease course 
and risk of CRC, adherence to treatment protocols 
to limit disease flares, and surveillance during 
quiescent phase may contribute to the reduction 
of interval CRC in patients with IBD. The biologic 
factors which underpin the molecular events that 
underlie the development of CRC in a background of 
inflammation are still under active investigation. It 
has been shown that nearly 6% of CRCs arising in 
those with IBD are small flat invasive lesions with no 
adjacent adenomatous tissue, which suggests that 
the progression to CRC may not follow the classic 
adenoma-carcinoma sequence[44]. Srivastava et al[46] 
looked at the molecular features of 3 unique patients 
with long standing IBD who developed numerous 
hyperplastic/serrated colonic polyps. The group 
revealed that all 3 patients showed retention of MLH-1 
and MSH-2 within these polyps, one case showing a 
loss of MGMT, and no BRAF mutations were present[46]. 
They proposed that the findings were suggestive of a 
serrated pathway of carcinogenesis in those with IBD, 
which is characterized by silencing of MGMT[46].

Lynch syndrome and interval CRC
Lynch syndrome (LS), an autosomal dominant 
disorder, is characterized by mutations in mismatch 

proximal MSI CRCs as well as rapid progression times 
to CRC diagnosis[34]. Sessile serrated adenomas are 
not only problematic for the endoscopist, they also 
pose a problem for the pathologist. The frequency of 
SSA diagnosis varies greatly in the literature and the 
diagnostic difficulty becomes more apparent due to 
the fact that the histologic features of microvesicular 
hyperplastic polyp and SSA overlap[35]. Bettington et 
al[35] showed that in applying strict histologic criteria 
for the diagnosis of SSA, a 14.7% rate of detection 
can be achieved with a high rate of reproducibility 
among pathologists. However, SSAs continue to 
be underdiagnosed and will lead to inadequate 
surveillance and will likely contribute to the rate of 
interval CRCs[35].

Interval CRC in inflammatory bowel disease
Colonoscopy, as described earlier, is the predominant 
screening and diagnostic test for CRC in the general 
population. Likewise, colonoscopic examination among 
those patients with inflammatory bowel disease, 
specifically Crohn Disease and Ulcerative Colitis, is 
pivotal in screening this high risk population for CRC. 
Patients with long-standing inflammatory bowel disease 
have typically been excluded from studies investigating 
the rate of early/missed lesions leading to CRC, hence, 
the rate of early and missed CRCs in this population 
is still largely unknown[36]. However, in the largest and 
longest running UC surveillance program in the world 
(42 year history) has revealed that advanced cancer 
incidence rate (IR) has consistently decreased over 
the past four decades, suggesting that the efficacy 
and use of advanced imaging techniques has led to 
a greater detection of early neoplasia[37]. Additionally, 
there has also been a reduction in the incidence rate 
of high grade dysplasia and low grade dysplasia in 
the current decade, now 2.1 per 1000 patient-years, 
down from 4.6 per 1000 patient years[37]. They also 
found that the risk of interval cancer has rapidly 
decreased with the steepest decline coming in the last 
decade, which may be related to the increased use of 
chromoendoscopy[37]. Chromoendoscopy is the use of 
image-enhanced techniques, such as the use of dye 
spraying or optical, to improve the visualization of 
mucosal structures, and thus improve the recognition 
of the borders, microvasculature, and surface 
topography of neoplasia[38]. Patients who underwent 
chromoendoscopy were found to have a lower risk of 
developing CRC when compared to those who had 
never had the procedure[37]. However, other studies do 
not confirm the benefit of using chromoendoscopy. In a 
large retrospective study, it was shown that the use of 
chromoendoscopy with targeted biopsies did not result 
in an increased neoplasia detection rate when compared 
to white light endoscopy with random biopsies[39]. With 
that being said, the majority of the literature seems to 
suggest a benefit from using chromoendoscopy when 
compared to standard white light endoscopy[40-43]. Wang 
et al[36] investigated the rate of early/missed CRCs in 
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repair (MMR) genes (MLH1, PMS2, MSH2, and MSH6), 
which causes an increased lifetime risk of developing 
CRCs as well as other cancers (i.e., endometrial) in 
the affected host[47]. The recommended surveillance 
programs for these patients include colonoscopic 
examination at an interval of 1-2 years starting at 
the age of 20-25 years[47]. Many factors contribute 
to the development of an interval CRC in patients 
with Lynch Syndrome, including compliance to the 
recommended surveillance protocols. Newton et al[48] 
investigated compliance with large bowel screening in 
Lynch Syndrome mutation carriers amongst patients 
in the United Kingdom and found that in only 62% of 
the cases was the screening colonoscopy performed 
during the suggest screening interval. They also found 
a reduced cumulative incidence of CRC, to the age 
of 70 years, when screening protocols were adhered 
to; a reduction from 81% in non-screened patients 
to 25% in screened individuals[48]. Haanstra et al[47] 
showed that in 29 LS patients (all mutational carriers), 
a total of 31 interval cancers were found within or at 
24 mo of previous colonoscopic examination. In 16 
of 19 patients with LS, the interval carcinoma was 
located in a proximal location and when considering all 
detected interval carcinomas, 65% are found within 
the right colon[47]. Their study revealed that in all LS 
patients who developed an interval CRC a MLH1 or 
MSH2 mutation was identified, and 90% of these 
CRCs were diagnosed in the 1-2 years after previous 
colonoscopy[47]. Richter et al[49] looked at 42 interval 
CRCs and showed that 41% of these tumors exhibited 
DNA microsatellite instability (MSI) and of these 54% 
exhibited somatic hypermethylation of the MLH1 
promoter. They concluded that interval CRCs cannot 
be distinguished by activation of KRAS, NRAS, BRAF, 
or PIK3CA oncogenic pathways, however, MSI pathway 
defects represent a large proportion of interval CRCs 
with an underlying LS possibly explaining half of these 
cases[49].

BIOLOGIC AGGRESSIVENESS AND 
SURVIVIAL IN INTERVAL-CRCS
As previously discussed, interval CRCs are seen most 
often in the proximal colon and as demonstrated by 
Arain et al[33], are 2.5 times more likely than non-
interval CRCs to be CIMP+ and 2.7 times more likely 
to show MSI positivity. Other studies as well posit 
that interval CRC may represent a rapidly growing 
and aggressive cancer[50-53]. However, other studies 
have not shown any difference in survival between 
interval CRC and those with no prior colonoscopic 
surveillance[13,14]. Erichsen et al[50] conducted a 
population based study among the Danish population 
from 2000-2009 and found out of 38064 CRC patients, 
a total of 982 (3%) were interval. When compared 
to non-interval CRC, interval carcinomas were more 
often women, were proximal in location, displayed 

mucinous histology, and had co-morbid conditions 
(IBD and diverticular disease)[50]. The one year survival 
rate was similar for those patients with interval CRCs 
when compared to those who developed CRC after 
a ten year period from their last colposcopy (68%: 
interval; 72%: > 10 years before CRC diagnosis, and 
71% sporadic)[50]. The five-year survival was close to 
40% in all groups[50]. Additionally, interval CRC were 
less likely to be diagnosed at an advanced stage and 
interval CRCs were just as likely as detected CRCs to 
be well-to-moderately differentiated[10]. Interval CRCs, 
when compared to detected CRCs, were seen to have 
a 37% lower risk of mortality, which held true for both 
early-stage and advanced stage cancer[13]. 

CONCLUSION
Interval colorectal carcinoma poses a distinct threat, 
not only to the general population, but also to other 
population groups such as those with inflammatory 
bowel disease, hereditary predisposition to gas­
trointestinal neoplasia, as well as those patients 
who are more advanced in years with multiple co-
morbidities. With a rate that could be as high as nine 
percent of newly diagnosed CRC being an interval 
CRC, an estimated 8648 patients will develop a 
CRC after being screened with colonoscopy in 2015. 
The etiology of these lesions has been shown to 
be multifactorial in nature with perhaps the largest 
risk coming from missed or incompletely excised 
lesions. There appears to be some disagreement 
in the literature as to whether interval CRCs are 
more biologically aggressive due to changes in their 
molecular make-up. However, there are biological 
factors that seem to contribute to the development 
of interval CRC with evidence to suggest that the 
sessile serrated neoplasia pathway may promote 
a more rapid development of carcinoma after a 
screening colonoscopy. Regardless, the overall survival 
irrespective of tumor biology appears to be similar 
between interval and detected CRCs. Non-polypoid 
neoplasia presents a well-defined challenge to the 
endoscopist as well as the pathologist. Flat lesions are 
challenging for the endoscopist to discern, but when 
biopsied, may be miss diagnosed by the pathologist 
if strict criteria are not adhered to. Improvements in 
the quality of the endoscopic procedure through the 
education of the endoscopist is a worthwhile endeavor 
with a focus on flat lesion recognition. The more 
widespread use of chromoendoscopy may also be 
advantageous to many patient groups, most especially 
those with inflammatory bowel disease. Finally, a 
greater understanding of the molecular features and 
biologic behavior of interval CRCs, when coupled 
with increased endoscopic recognition and complete 
removal of neoplasia, will likely lead to the greatest 
improvement and reduction in the rate of diagnosis of 
carcinoma after a negative colonoscopy.

Benedict M et al . Interval colorectal carcinoma



12740 December 7, 2015|Volume 21|Issue 45|WJG|www.wjgnet.com

REFERENCES
1	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer 

J Clin 2015; 65: 5-29 [PMID: 25559415 DOI: 10.3322/caac.21254]
2	 Richter JM, Campbell EJ, Chung DC. Interval colorectal cancer 

after colonoscopy. Clin Colorectal Cancer 2015; 14: 46-51 [PMID: 
25510180 DOI: 10.1016/j.clcc.2014.11.001]

3	 Allen JI. Quality measures for colonoscopy: where should we be in 
2015? Curr Gastroenterol Rep 2015; 17: 10 [PMID: 25740247 DOI: 
10.1007/s11894-015-0432-6]

4	 Winawer S, Fletcher R, Rex D, Bond J, Burt R, Ferrucci J, Ganiats 
T, Levin T, Woolf S, Johnson D, Kirk L, Litin S, Simmang C. 
Colorectal cancer screening and surveillance: clinical guidelines and 
rationale-Update based on new evidence. Gastroenterology 2003; 
124: 544-560 [PMID: 12557158 DOI: 10.1053/gast.2003.50044]

5	 Short MW, Layton MC, Teer BN, Domagalski JE. Colorectal 
cancer screening and surveillance. Am Fam Physician 2015; 91: 
93-100 [PMID: 25591210]

6	 Calkins BM, Lilienfeld AM, Garland CF, Mendeloff AI. Trends in 
incidence rates of ulcerative colitis and Crohn‘s disease. Dig Dis Sci 
1984; 29: 913-920 [PMID: 6478982]

7	 Loftus EV. Management of extraintestinal manifestations and other 
complications of inflammatory bowel disease. Curr Gastroenterol 
Rep 2004; 6: 506-513 [PMID: 15527681]

8	 Bae SI, Kim YS. Colon cancer screening and surveillance in 
inflammatory bowel disease. Clin Endosc 2014; 47: 509-515 [PMID: 
25505716 DOI: 10.5946/ce.2014.47.6.509]

9	 Kim ER, Chang DK. Colorectal cancer in inflammatory bowel 
disease: the risk, pathogenesis, prevention and diagnosis. World 
J Gastroenterol 2014; 20: 9872-9881 [PMID: 25110418 DOI: 
10.3748/wjg.v20.i29.9872]

10	 Singh S, Singh PP, Murad MH, Singh H, Samadder NJ. Prevalence, 
risk factors, and outcomes of interval colorectal cancers: a systematic 
review and meta-analysis. Am J Gastroenterol 2014; 109: 1375-1389 
[PMID: 24957158 DOI: 10.1038/ajg.2014.171]

11	 Mattar MC, Lough D, Pishvaian MJ, Charabaty A. Current 
management of inflammatory bowel disease and colorectal cancer. 
Gastrointest Cancer Res 2011; 4: 53-61 [PMID: 21673876]

12	 Sanduleanu S, le Clercq CM, Dekker E, Meijer GA, Rabeneck 
L, Rutter MD, Valori R, Young GP, Schoen RE. Definition and 
taxonomy of interval colorectal cancers: a proposal for standardising 
nomenclature. Gut 2015; 64: 1257-1267 [PMID: 25193802 DOI: 
10.1136/gutjnl-2014-307992]

13	 Samadder NJ, Curtin K, Tuohy TM, Pappas L, Boucher K, 
Provenzale D, Rowe KG, Mineau GP, Smith K, Pimentel R, 
Kirchhoff AC, Burt RW. Characteristics of missed or interval 
colorectal cancer and patient survival: a population-based study. 
Gastroenterology 2014; 146: 950-960 [PMID: 24417818 DOI: 
10.1053/j.gastro.2014.01.013]

14	 Singh H, Nugent Z, Demers AA, Bernstein CN. Rate and predictors 
of early/missed colorectal cancers after colonoscopy in Manitoba: a 
population-based study. Am J Gastroenterol 2010; 105: 2588-2596 
[PMID: 20877348 DOI: 10.1038/ajg.2010.390]

15	 Sanduleanu S, Masclee AM, Meijer GA. Interval cancers after 
colonoscopy-insights and recommendations. Nat Rev Gastroenterol 
Hepatol 2012; 9: 550-554 [PMID: 22907162 DOI: 10.1038/
nrgastro.2012.136]

16	 Baxter NN, Goldwasser MA, Paszat LF, Saskin R, Urbach DR, 
Rabeneck L. Association of colonoscopy and death from colorectal 
cancer. Ann Intern Med 2009; 150: 1-8 [PMID: 19075198]

17	 Brenner H, Chang-Claude J, Seiler CM, Stürmer T, Hoffmeister M. 
Does a negative screening colonoscopy ever need to be repeated? 
Gut 2006; 55: 1145-1150 [PMID: 16469791 DOI: 10.1136/
gut.2005.087130]

18	 Lakoff J, Paszat LF, Saskin R, Rabeneck L. Risk of developing 
proximal versus distal colorectal cancer after a negative 
colonoscopy: a population-based study. Clin Gastroenterol Hepatol 
2008; 6: 1117-1121; quiz 1064 [PMID: 18691942 DOI: 10.1016/
j.cgh.2008.05.016]

19	 Singh H, Nugent Z, Mahmud SM, Demers AA, Bernstein CN. 

Predictors of colorectal cancer after negative colonoscopy: a 
population-based study. Am J Gastroenterol 2010; 105: 663-673; 
quiz 674 [PMID: 19904239 DOI: 10.1038/ajg.2009.650]

20	 Singh H, Nugent Z, Demers AA, Kliewer EV, Mahmud SM, 
Bernstein CN. The reduction in colorectal cancer mortality 
after colonoscopy varies by site of the cancer. Gastroenterology 
2010; 139: 1128-1137 [PMID: 20600026 DOI: 10.1053/
j.gastro.2010.06.052]

21	 Brenner H, Chang-Claude J, Seiler CM, Rickert A, Hoffmeister M. 
Protection from colorectal cancer after colonoscopy: a population-
based, case-control study. Ann Intern Med 2011; 154: 22-30 [PMID: 
21200035 DOI: 10.7326/0003-4819-154-1-201101040-00004]

22	 Rabeneck L, Paszat LF, Saskin R. Endoscopist specialty is 
associated with incident colorectal cancer after a negative 
colonoscopy. Clin Gastroenterol Hepatol 2010; 8: 275-279 [PMID: 
19879970 DOI: 10.1016/j.cgh.2009.10.022]

23	 Oka S, Tanaka S, Saito Y, Iishi H, Kudo SE, Ikematsu H, Igarashi 
M, Saitoh Y, Inoue Y, Kobayashi K, Hisabe T, Tsuruta O, Sano Y, 
Yamano H, Shimizu S, Yahagi N, Watanabe T, Nakamura H, Fujii T, 
Ishikawa H, Sugihara K. Local recurrence after endoscopic resection 
for large colorectal neoplasia: a multicenter prospective study in 
Japan. Am J Gastroenterol 2015; 110: 697-707 [PMID: 25848926 
DOI: 10.1038/ajg.2015.96]

24	 Robertson DJ, Greenberg ER, Beach M, Sandler RS, Ahnen D, 
Haile RW, Burke CA, Snover DC, Bresalier RS, McKeown-Eyssen 
G, Mandel JS, Bond JH, Van Stolk RU, Summers RW, Rothstein R, 
Church TR, Cole BF, Byers T, Mott L, Baron JA. Colorectal cancer 
in patients under close colonoscopic surveillance. Gastroenterology 
2005; 129: 34-41 [PMID: 16012932]

25	 Chen SC, Rex DK. Endoscopist can be more powerful than age and 
male gender in predicting adenoma detection at colonoscopy. Am J 
Gastroenterol 2007; 102: 856-861 [PMID: 17222317 DOI: 10.1111/
j.1572-0241.2006.01054.x]

26	 Atkin WS, Morson BC, Cuzick J. Long-term risk of colorectal 
cancer after excision of rectosigmoid adenomas. N Engl J 
Med 1992; 326: 658-662 [PMID: 1736104 DOI: 10.1056/
nejm199203053261002]

27	 le Clercq C, Rondagh E, Riedl R, Bosman FT, Beets GL, 
Hameeteman W, Masclee A, Sanduleanu S. Interval Colorectal 
Cancers Frequently Have Subtle Macroscopic Appearance: A 10 
Year-Experience in an Academic Center. Gastroenterology 2014; 
140: S112-S113 [DOI: 10.1016/S0016-5085(11)60455-1]

28	 Robertson DJ, Lieberman DA, Winawer SJ, Ahnen DJ, Baron JA, 
Schatzkin A, Cross AJ, Zauber AG, Church TR, Lance P, Greenberg 
ER, Martínez ME. Colorectal cancers soon after colonoscopy: 
a pooled multicohort analysis. Gut 2014; 63: 949-956 [PMID: 
23793224 DOI: 10.1136/gutjnl-2012-303796]

29	 Morini S, Hassan C, Zullo A, De Francesco V, Festa V, Barberani 
F, Faleo D, Stroffolini T. Diverticular disease as a risk factor for 
sigmoid colon adenomas. Dig Liver Dis 2002; 34: 635-639 [PMID: 
12405250]

30	 Burgess NG, Tutticci NJ, Pellise M, Bourke MJ. Sessile serrated 
adenomas/polyps with cytologic dysplasia: a triple threat for interval 
cancer. Gastrointest Endosc 2014; 80: 307-310 [PMID: 24890425 
DOI: 10.1016/j.gie.2014.03.050]

31	 Tutticci NJ, Hewett DG, Leggett BA. Prevalence of serrated 
polyps: implications for significance as colorectal cancer precursors. 
Colorectal Cancer 2013; 2: 535-547 [DOI: 10.2217/crc.13.70]

32	 Pohl H, Srivastava A, Bensen SP, Anderson P, Rothstein RI, 
Gordon SR, Levy LC, Toor A, Mackenzie TA, Rosch T, Robertson 
DJ. Incomplete polyp resection during colonoscopy-results of the 
complete adenoma resection (CARE) study. Gastroenterology 2013; 
144: 74-80.e1 [PMID: 23022496 DOI: 10.1053/j.gastro.2012.09.043]

33	 Arain MA, Sawhney M, Sheikh S, Anway R, Thyagarajan B, Bond 
JH, Shaukat A. CIMP status of interval colon cancers: another piece 
to the puzzle. Am J Gastroenterol 2010; 105: 1189-1195 [PMID: 
20010923]

34	 Goldstein NS, Bhanot P, Odish E, Hunter S. Hyperplastic-like colon 
polyps that preceded microsatellite-unstable adenocarcinomas. Am 
J Clin Pathol 2003; 119: 778-796 [PMID: 12817424 DOI: 10.1309/

Benedict M et al . Interval colorectal carcinoma



12741 December 7, 2015|Volume 21|Issue 45|WJG|www.wjgnet.com

drfq-0wfu-f1g1-3ctk]
35	 Bettington M, Walker N, Rosty C, Brown I, Clouston A, Wockner 

L, Whitehall V, Leggett B. Critical appraisal of the diagnosis of 
the sessile serrated adenoma. Am J Surg Pathol 2014; 38: 158-166 
[PMID: 24418851 DOI: 10.1097/pas.0000000000000103]

36	 Wang YR, Cangemi JR, Loftus EV, Picco MF. Rate of early/missed 
colorectal cancers after colonoscopy in older patients with or without 
inflammatory bowel disease in the United States. Am J Gastroenterol 
2013; 108: 444-449 [PMID: 23295277]

37	 Choi CH, Rutter MD, Askari A, Lee GH, Warusavitarne J, 
Moorghen M, Thomas-Gibson S, Saunders BP, Graham TA, Hart 
AL. Forty-Year Analysis of Colonoscopic Surveillance Program 
for Neoplasia in Ulcerative Colitis: An Updated Overview. Am 
J Gastroenterol 2015; 110: 1022-1034 [PMID: 25823771 DOI: 
10.1038/ajg.2015.65]

38	 Bartel MJ, Picco MF, Wallace MB. Chromocolonoscopy. 
Gastrointest Endosc Clin N Am 2015; 25: 243-260 [PMID: 
25839685 DOI: 10.1016/j.giec.2014.11.010]

39	 Mooiweer E, van der Meulen-de Jong AE, Ponsioen CY, Fidder 
HH, Siersema PD, Dekker E, Oldenburg B. Chromoendoscopy for 
Surveillance in Inflammatory Bowel Disease Does Not Increase 
Neoplasia Detection Compared With Conventional Colonoscopy 
With Random Biopsies: Results From a Large Retrospective Study. 
Am J Gastroenterol 2015; 110: 1014-1021 [PMID: 25823770 DOI: 
10.1038/ajg.2015.63]

40	 Rutter MD, Saunders BP, Schofield G, Forbes A, Price AB, Talbot 
IC. Pancolonic indigo carmine dye spraying for the detection of 
dysplasia in ulcerative colitis. Gut 2004; 53: 256-260 [PMID: 
14724160]

41	 Kiesslich R, Fritsch J, Holtmann M, Koehler HH, Stolte M, Kanzler 
S, Nafe B, Jung M, Galle PR, Neurath MF. Methylene blue-aided 
chromoendoscopy for the detection of intraepithelial neoplasia 
and colon cancer in ulcerative colitis. Gastroenterology 2003; 124: 
880-888 [PMID: 12671882 DOI: 10.1053/gast.2003.50146]

42	 Marion JF, Waye JD, Present DH, Israel Y, Bodian C, Harpaz 
N, Chapman M, Itzkowitz S, Steinlauf AF, Abreu MT, Ullman 
TA, Aisenberg J, Mayer L. Chromoendoscopy-targeted biopsies 
are superior to standard colonoscopic surveillance for detecting 
dysplasia in inflammatory bowel disease patients: a prospective 
endoscopic trial. Am J Gastroenterol 2008; 103: 2342-2349 [PMID: 
18844620 DOI: 10.1111/j.1572-0241.2008.01934.x]

43	 Kiesslich R, Goetz M, Lammersdorf K, Schneider C, Burg J, Stolte 
M, Vieth M, Nafe B, Galle PR, Neurath MF. Chromoscopy-guided 
endomicroscopy increases the diagnostic yield of intraepithelial 
neoplasia in ulcerative colitis. Gastroenterology 2007; 132: 874-882 

[PMID: 17383417 DOI: 10.1053/j.gastro.2007.01.048]
44	 Sanduleanu S, Rutter MD. Interval colorectal cancers in in

flammatory bowel disease: the grim statistics and true stories. 
Gastrointest Endosc Clin N Am 2014; 24: 337-348 [PMID: 
24975525 DOI: 10.1016/j.giec.2014.03.001]

45	 Sanduleanu S, Rondagh EJ, Masclee AA. Development of 
expertise in the detection and classification of non-polypoid 
colorectal neoplasia: Experience-based data at an academic GI 
unit. Gastrointest Endosc Clin N Am 2010; 20: 449-460 [PMID: 
20656243 DOI: 10.1016/j.giec.2010.03.006]

46	 Srivastava A, Redston M, Farraye FA, Yantiss RK, Odze RD. 
Hyperplastic/serrated polyposis in inflammatory bowel disease: 
a case series of a previously undescribed entity. Am J Surg 
Pathol 2008; 32: 296-303 [PMID: 18223333 DOI: 10.1097/
PAS.0b013e318150d51b]

47	 Haanstra JF, Vasen HF, Sanduleanu S, van der Wouden EJ, 
Koornstra JJ, Kleibeuker JH, de Vos Tot Nederveen Cappel WH. 
Quality colonoscopy and risk of interval cancer in Lynch syndrome. 
Int J Colorectal Dis 2013; 28: 1643-1649 [PMID: 23857598 DOI: 
10.1007/s00384-013-1745-2]

48	 Newton K, Green K, Lalloo F, Evans DG, Hill J. Colonoscopy 
screening compliance and outcomes in patients with Lynch 
syndrome. Colorectal Dis 2015; 17: 38-46 [PMID: 25213040 DOI: 
10.1111/codi.12778]

49	 Richter JM, Pino MS, Austin TR, Campbell E, Szymonifka J, Russo 
AL, Hong TS, Borger D, Iafrate AJ, Chung DC. Genetic mechanisms 
in interval colon cancers. Dig Dis Sci 2014; 59: 2255-2263 [PMID: 
24705641 DOI: 10.1007/s10620-014-3134-2]

50	 Erichsen R, Baron JA, Stoffel EM, Laurberg S, Sandler RS, 
Sørensen HT. Characteristics and survival of interval and sporadic 
colorectal cancer patients: a nationwide population-based cohort 
study. Am J Gastroenterol 2013; 108: 1332-1340 [PMID: 23774154 
DOI: 10.1038/ajg.2013.175]

51	 Farrar WD, Sawhney MS, Nelson DB, Lederle FA, Bond JH. 
Colorectal cancers found after a complete colonoscopy. Clin 
Gastroenterol Hepatol 2006; 4: 1259-1264 [PMID: 16996804 DOI: 
10.1016/j.cgh.2006.07.012]

52	 Snover DC. Update on the serrated pathway to colorectal carcinoma. 
Hum Pathol 2011; 42: 1-10 [PMID: 20869746 DOI: 10.1016/
j.humpath.2010.06.002]

53	 Gill MD, Bramble MG, Hull MA, Mills SJ, Morris E, Bradburn 
DM, Bury Y, Parker CE, Lee TJ, Rees CJ. Screen-detected colorectal 
cancers are associated with an improved outcome compared with 
stage-matched interval cancers. Br J Cancer 2014; 111: 2076-2081 
[PMID: 25247322 DOI: 10.1038/bjc.2014.498]

P- Reviewer: Gibson J, Jakovljevic Mihajlo B    S- Editor: Yu J    
L- Editor: A    E- Editor: Wang CH  

Benedict M et al . Interval colorectal carcinoma



                                      © 2015 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

4   5


