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Summary

Background

Although decreasing in incidence, a significant number of IBD patients still develop colitis
associated colorectal cancer (CA-CRC). Guidelines, therefore, recommend colonoscopic
surveillance at intervals based on a patient’s individual risk determined by clinical risk
factors. To improve the detection of lesions, high definition (HD) colonoscopy or dye-
enhanced colonoscopy, chromoendoscopy (CE) are advised. However, the current risk of
CA-CRC in Norway is unknown. Moreover, colonoscopic surveillance is not systematically
implemented, and CE is not widely applied for the surveillance of IBD patients in Norway.
The purpose of the study was to examine the overall risk of CA-CRC and the association to
clinical risk factors in a Norwegian population-based inception cohort of ulcerative colitis
(UC) patients. Furthermore, the implementation of CE in everyday practice in a community
hospital, and the efficacy of non-invasive multitarget stool DNA tumour markers (MT-
sDNA), were assessed. Updated knowledge of the risk of CRC in Norwegian UC patients as
well as screening methods for CRN, would allow us to further refine neoplasia surveillance in

UC.

Methods

Clinical Risk factors

Clinical risk factors associated with CA-CRC were prospectively evaluated in a population-
based inception cohort of UC patients (n=517) during a prescheduled follow up 20 years after
diagnosis of IBD, the IBSEN cohort. The patients were diagnosed with IBD from January 1,
1990, until December 31, 1993, and prospectively followed at one, five, 10 and 20 years after
diagnosis.

Chromoendoscopy

Patients with extensive UC and disease duration of more than 8 years (n=67) were included
in a prospective single centre surveillance cohort, the Lovisenberg cohort. Following standard
bowel preparation, two expert endoscopists, novice to chromoendoscopy, evaluated each
segment of the colon with standard-definition colonoscopes. Targeted biopsies of lesions, as
well as non-targeted biopsies for the evaluation of inflammation, were harvested after spray

application of indigo carmine.
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Mt-sDNA

IBD patients (n=192) enrolled from the Lovisenberg cohort and the IBSEN cohort were
subjected to either chromo- or white light colonoscopy. EDTA buffered stool samples were
assayed for methylated BMP3 & NDRG4, mutant KRAS and f-actin by a laboratory blinded
to clinical data.

Results

Risk factors

The overall incidence of CA-CRC was 1.6 % (8/517) at 20 years-follow up. The total life-
time risk of CRC prior to or after UC diagnosis was 2.3%. (12/517). Patients older than 70 at
diagnosis had a 15-fold higher risk of CRC compared to those diagnosed when younger than
40 years, Hazard ratio 15.68 (95% CI 1.31-187.92). Neither sex, first degree relative with
CRC, extent of colitis nor primary sclerosing cholangitis affected the risk of CRC.
Chromoendoscopy

The dysplasia detection rate was 10.5% (7/67 patients). The dysplasia detection yield was
20.8% (10/48) for targeted biopsies and 3.5% (11/318) for nontargeted biopsies. The
sensitivity and specificity for the correct classification of lesions by the endoscopists using
chromoendoscopy, were 48% (95% confidence interval (CI): 26-70 %) and 96% (95%CI: 93-
98%), respectively. The positive predictive and negative predictive values were 42% (95%CI:
27-59%) and 97% (95%CI: 95-98%), respectively.

MT-sDNA

Sensitivities for the MT-sDNA panel were 100% (95% CI 16—100%) for CRC and 33% (95%
CI 13-61%) for LGD lesions <1 cm, with specificities of 87% (95% CI 81-91%) and 93%
(95% CI 88-96%)), respectively. The estimated number of patients needed to screen to detect
a single CRC was 96 (95% CI 93-99%) and was 28 (95% CI 22—-34%)) to detect any
colorectal neoplasia (CRN).

Conclusion

Although surveillance colonoscopy was not systematically performed, the risk of CA-CRC in
UC was low and comparable to the risk of CRC in the background population of Norway.
Chromoendoscopy appeared to be of value for dysplasia surveillance of UC in a community
hospital setting. The yield of non-targeted biopsies was negligible.

The MT-sDNA panel detected CA-CRC. Sensitivity for sub-centimeter colorectal neoplasms

in IBD patients, appeared similar to that observed in the non-IBD population.
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Sammendrag

Bakgrunn

Pasienter med inflammatorisk tarmsykdommer, ulcergs kolitt og Crohn’s sykdom, har gkt
risiko for & utvikle kolittassossiert kolorektalkreft. Kliniske retningslinjer anbefaler derfor
regelmessig koloskopi for & avdekke forstadiene til kolorektalkreft. Lengden pa intervallene
bestemmes av pasientens individuelle risiko som avhenger av etablerte kliniske faktorer.
Gullstandarden for surveillance er koloskopi med hey opplesning (High Definition) eller med
applikasjon av fargestoff (kromoskopi) pa slimhinnene. Den aktuelle risikoen for & utvikle
kolittassosiert kolorektalkreft i Norge er ukjent. Surveillance med koloskopi utferes ikke
systematisk, og kromoskopi er ikke i utstrakt bruk i Norge. I tillegg er kolorektalkreft
diagnostisert for neste planlagt koloskopi i inntil 30 % av pasienter med kronisk
tarmbetennelse.

Malet med denne studien var & estimere risikoen for kolittassosiert kolorektalkreft og
assosiasjonen til kliniske risikofaktorer i en norsk populasjonskohort med ulcergs kolitt.
Videre vurderte vi implementering av kromoskopi i klinisk hverdag pé et lokalt sykehus. Til
slutt undersekte vi ikke invasive DNA markerer 1 feces. Oppdatert kunnskap om risikoen for
kolittassosiert kolorektalkreft i pasienter med ulceres kolitt samt screening metoder vil kunne
bidra til & forbedre neoplasisurveillance i denne pasientgruppen.

Metoder

Kliniske risikofaktorer

Kliniske faktorer assosiert med kolittassosiert kolorektalkreft ble undersekt i en prospektiv
populasjon kohort med pasienter med ulceres kolitt (n=517), ved planlagt oppfelging 20 ar
etter ulceres kolitt diagnosen, IBSEN kohorten. Pasientene ble diagnostisert med ulceres
kolitt mellom 1.januar 1990 og 31.desember 1993. De ble fulgt prospektivt 1, 5, 10 og 20 ar
etter diagnosen.

Kromoskopi

Pasienter med utstrakt ulceres kolitt og sykdomsvarighet pd mer enn 8 &r (n=67) ble inkludert
i en prospektiv singelsenter surveillance kohort, Lovisenberg kohorten. Pasientene
gjennomgikk standard tarmtemming for koloskopi. Dermed ble kromoskopi utfert av to
erfarne endoskoperer. Det ble tatt bade malrettede biopsier av lesjoner samt ikke-malrettede

biopsier for undersekelse av betennelsesgrad etter pafering av indigokarmin med spray.
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Mt-sDNA

Pasienter med kronisk tarmbetennelse (n=192) fra Lovisenberg kohorten og IBSEN kohorten
gjennomgikk enten kromoskopi eller standard kolonoskopi med hvitt lys.

Metylert BMP3 & NDRG4, mutert KRAS og f-actin ble analysert i fecesprover i EDTA
buffer. Laboranter var blindet for kliniske data.

Resultater

Risikofaktorer

Den totale insidensen for kolitt-assosiert kolorektalkreft var 1.6 % (8/517) etter 20 ars
oppfelging. Livstidsrisikoen (total life-time risk) for kolorektalkreft for eller etter ulceras
kolitt diagnosen var 2.3%. (12/517). Pasienter eldre enn 70 &r ved diagnosetidspunktet hadde
15 ganger hayere risiko for kolorektalkreft sammenlignet med pasienter under 40 ar, Hazard
ratio 15.68 (95% CI 1.31-187.92). Hverken kjonn, forstegradsslektning med kolorektalkreft,
omfanget av kolitt, eller primer skleroserende kolangitt pavirket risikoen for kolorektalkreft.
Kromoskopi

Deteksjonsraten for dysplasi var 10.5% (7/67 patients). Utbytte for pavisning av dysplasi var
20.8% (10/48) for malrettede biopsier og 3.5% (11/318) for ikke-mélrettede biopsier.
Sensitiviteten og spesifisiteten for korrekt klassifikasjon av lesjoner ved bruk av kromoskopi
var 48% (95% konfidensinterval (CI): 26-70 %) og 96% (95%CI: 93-98%)), respektivt. De
positive og negative prediktive verdiene var 42% (95%CI: 27-59%) og 97% (95%CI: 95-
98%), respektivt.

MT-sDNA

Sensitiviteten for MT-sDNA panelet var 100% (95% CI 16-100%) for kolorektalkreft og
33% (95% CI 13—-61%) for lesjoner med lavgradig dysplasi<l cm, med spesifisitet pad 87%
(95% CI 81-91%) og 93% (95% CI 88-96%), respektivt. Estimert antall pasienter som méa
screenes for & avdekke en enkel kolorektalkreft var 96 (95% CI 93-99%) og 28 (95% CI 22—
34%) for a avdekke kolorektal neoplasi.

Konklusjon

Pasientene med ulceres kolitt i populasjonskohorten i denne studien ble ikke fulgt
regelmessig med koloskopi surveillance. Til tross for dette var risikoen for kolitt-assosiert
kolorektalkreft lav og sammenlignbar med risikoen for sporadisk kolorektalkreft.
Kromoskopi fremsto som et anvendbart verktey for neoplasisurveillance pa et lokalt sykehus.
Nytten av ikke maélrettede biopsier var neglisjerbar.

MT-sDNA panelet avdekket kolitt-assosiert kolorektalkreft. Sensitiviteten for neoplastiske

lesjoner mindre enn en centimer, var lik den observert i en populasjon uten IBD.
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Introduction

Inflammatory bowel disease

Ulcerative colitis (UC) and Crohn’s disease (CD) are the two main forms of Inflammatory
Bowel Disease (IBD). The diseases are characterized by chronic relapsing inflammation
which primarily affects the intestines but may also involve extra-intestinal organs. The exact
etiology of IBD remains unclear, however a complex interaction between genetic and
environmental factors seems to lead to an inappropriate activation of the immune system of
the intestinal mucosa. !7 Symptoms related to involvement of the gut include abdominal pain,
blood in stool and weight loss in severe cases.

In UC, the inflammation is limited to the colon and spreads from the rectum to the cecum in a
continuous pattern. The disease is classified according to the extent of the inflammation,
proctitis, left-sided colitis and extensive colitis.® Although approximately one third of patients
present in each subgroup at diagnosis, up to half may experience a proximal extension during
course of the disease. ! Therapeutic management is determined by the extent and severity
of inflammation which may subside spontaneously in some cases.

Crohn'’s disease may occur in any part of the alimentary tract, from the mouth to the anus.
The inflammation varies in extent, is transmural and clearly demarcated segmentally (skip
lesions) in a patchy distribution. The disease is restricted to the colon in one third, the ileum
and colon and the terminal ileum, in one third of the patients. Around 5-10% present with
localized disease of the small intestine proximal to the terminal ileum. The ongoing
inflammation may lead to strictures, abscesses and fistulae.

IBD seems to be on the increase worldwide. A recent review of population based cohorts
described an overall increase of UC and CD in Europe from 6.0 per 100,000 person-years in
UC and 1.0 per 100,000 person-years in CD in 1962 to 9.8 per 100,000 person-years and 6.3
per 100,000 person-years in 2010, respectively. !! Norway has among the highest incidence
rates of UC in the world, ranging from 13.6/10° in South-Eastern Norway, to 14.8/10° in
western Norway. 2 The annual incidence of Crohn’s disease was found to range from 5.3/10°

in western Norway to 5.8/10° in South-Eastern Norway. !2
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Colorectal Cancer in inflammatory bowel disease

The association between UC and colorectal cancer (CRC) was first described in 1925 by
Crohn and Rosenberg. '3 IBD is one of the main risk factors for CRC and CRC is the most
common malignancy in patients with IBD. !4

CA-CRC patients are younger, more frequently have multiple cancerous lesions, and an
invasive pattern of spread, including mucinous or signet ring cell carcinomas, compared with
sporadic CRC. The advanced stage at presentation causes less favorable outcome of CA-CRC
than non CA-CRC. !° 16

Risk of CRCin IBD

At the turn of the century, a meta-analysis including 116 studies described a risk of CRC as
high as 18% after 30 years of diagnosis of IBD.!® Subsequent studies have found a declining
prevalence of CRC in IBD. In 2009, a Swedish population based cohort of 7607 IBD patients
found a SIR ( standardized incidence ratio ) of 2.7 for CRC in IBD compared to the non-IBD
population 7. Also, a twofold increased risk of CRC for both UC and CD, and a sevenfold
risk for UC patients with longstanding extensive colitis, was described in the prospective
observational cohort, the CESAME study. '® In 2014 an Australian study including 504 UC
patients with varying extent of colitis, reported a cumulative incidence of 1% at 10 years, 3%
at 20 years, and 7% at 30 years, after 30 years of UC. '° More recently, a Norwegian
population-based inception cohort, The IBSEN study, found a 2 fold overall risk of CRC
after 20 years of UC in males, but no increase in risk for female UC patients, compared to the
background population. 2° The decrease in reported risk has been attributed to improved
inflammatory control and the introduction and advances in endoscopic surveillance in the late
1990s. A significant number of patients, however, develop interval cancer, indicating the
need of more sensitive tools for risk assessment. 2123 Also, the prognosis of CRC-IBD
remains poorer than non IBD-CRC, with a recent study describing an increased risk of death
(hazard ratio 1.45; 95% CI 1.29-1.63), in CRC-IBD compared to sporadic CRC, with a
particularly worse 5-year survival for IBD patients younger than 50 years of age and in CA-

CRC with multifocal neoplasia. 24 2°

Less is known about the risk of CRC in CD. In 2006, a meta-analysis of heterogeneous CD

populations described a relative risk of 2.5 % and a cumulative risk of 2.9%, 5.6% and 8.3%
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at 10, 20 and 30 years, respectively, with CD with affection at any site. For CD restricted to

the colon, the relative risk was 4.5 %.2°

Risk and protective factors

Several risk factors have been established and include cumulative inflammatory damage,
severe and extensive inflammation, previous neoplasia in the colon, coexistence of primary
sclerosing cholangitis (PSC), a history of first-degree relatives with CRC and male sex.?’-3
Anti-inflammatory medication, including 5-ASA, immunomodulators and anti-tumour
necrosis factor (anti-TNF) seem to be protective. 28336

Colonoscopic surveillance appears to protect against CRC by detection and subsequent
endoscopic or surgical removal of early neoplastic lesions, however, the effect on survival is

not established.?’
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Colonic Dysplasia

The classification of dysplastic lesions of the colonic mucosa is of clinical importance as they
carry a varying risk of neoplastic transformation. Traditionally, the dysplasia in IBD has been
categorized as follows: indefinite dysplasia (IND), low grade-dysplasia (LGD), high-grade
dysplasia (HGD), dysplasia-associated lesion or mass (DALM), adenoma-like mass (ALM),
and adenoma-like DALM. IND has not been described to carry a significant risk of
progressing to CRC. The implication of detecting LGD remains controversial as reported risk
of synchronous CRC is reported to be between 0 and 19 % whilst the risk of malignant
transformation varies between 0.5 % and 54 %. *® HGD has a high potential for malignant
transformation and, as for prevention of regular adenocarcinoma, represents an indication for
proctocolectomy, due to a high risk of synchronous lesions.

Early dysplastic lesions appear to occur in flat mucosa as they spread more frequently to
deeper layers of the mucosa in IBD-CRC. These lesions may be small and may arise either
uni- or multifocally. Following advances in endoscopic management of lesions, the SCENIC
(Surveillance for Colorectal Endoscopic Neoplasia Detection and Management of
Inflammatory Bowel Disease) Consensus Statement proposes a modified Paris classification

for describing lesions according to their resectability and to abandon the DALM terminology.

39

Molecular alterations in carcinogenesis

The longstanding chronic inflammation in IBD involves a complex interaction between the
accumulation of free radicals and cytokines, alterations of the epithelial barrier of the colonic
mucosa and the microbiome, and inappropriate activation of the mucosal immune system.
4! The combination of these mechanisms are thought to result in genetic and epigenetic
alterations, the accumulation of which may result in the progressive transformation of non-
neoplastic inflammatory epithelium to dysplasia to carcinoma. ** +* 4 However,
carcinogenesis has also been found to develop directly from any level of dysplasia. 43
Although some of the molecular changes are similar, differences in the timing and frequency
may explain differences in the biology, morphology and distribution between CA-CRC and
non-CA-CRC, which is thought to develop through the adenoma—carcinoma sequence. 44’

Genetic modifications include nucleotide mutations, chromosomal changes and microsatellite

instability. Mutation of TP 53 typically occurs early in CA-CRC and may be detected in non-



19

neoplastic mucosa as well as in early dysplastic mucosa. 48 4930

p53 mutations are however
rare in non CA-CRC. 3! DNA aneuploidy has been detected in non-dysplastic mucosa in both
UC and Crohn’s disease, indicating that chromosomal instability occurs early in CA-CRC. 2
33APC and K-ras mutations are found less frequently in CA-CRC than in non CA-CRC. >
However, loss of APC function has been reported as frequently as 50-100% in lesions with
HGD. 5556

Epigenetic alterations are non-heritable changes in gene expression that are not accompanied
by changes in DNA sequence. Oxidative stress related to the longstanding inflammation in
IBD may lead to genomic instability by hypo- and hypermethylation promoter regions of
oncogenes and tumour suppressor genes. These changes occur before dysplasia or CRC can
be detected. The ensuing inactivation of the DNA mismatch repair (MMR) system, leads to
widespread somatic mutations at microsatellite loci leading to microsatellite instable (MSI)
tumours. Also, shortening of telomeres, a normal feature of ageing tissue, has been found to
be accelerated in the colon of UC patients.>’

Preneoplastic cells thus acquire the molecular alterations necessary to allow them to fully
escape growth control check points and ultimately invade surrounding tissues. Cancer cells
have been estimated to accumulate about half of their mutational load before tumour
development. Both synchronous (simultaneous) and metachronous (consecutive) dysplasia
and carcinomas occur more frequently in IBD patients than in sporadic CRC. This is
explained by a ‘field effect’ of molecular changes in which a significant proportion of cancer
evolution may occur before the development of histological abnormalities in apparently

normal colonic mucosa.’®
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Surveillance

Colonoscopy

Gastroenterologic societies recommend regular review of symptoms and laboratory tests for
patients with UC extending proximal to the rectum. In addition, interval colonoscopy is
recommended as early neoplastic lesions may thus be removed endoscopically. Patients with
unresectable lesions can be referred for colectomy. Although colonoscopic surveillance is
effective for the detection of CRC, firm evidence for improving survival has not been
established. The most appropriate surveillance technique, the optimal interval and the true
efficacy of surveillance colonoscopy remains debated. >

Clinical guidelines recommend first surveillance colonoscopy 6-10 years after diagnosis of
UC with ensuing annual or biannual colonoscopies in UC patients with extensive or left-sided
colitis or concurrent PSC. The frequency of surveillance is further determined by the
presence of additional clinical features.!# 60-62

Endoscopic visualization of early dysplastic lesions in UC represents a challenge, as they
may be diminutive, flat or concealed in inflammatory changes and/or pseudopolyps. 28 63 64
Traditional standard definition white-light endoscopy (SD WLE) relies on random 4-quadrant
biopsies taken every 10 cm and is a laborious and costly method. Under-sampling is common
and even when the recommended 30-40 biopsies are harvested, only a fraction of the mucosal
surface of the colon is examined. In consequence, high rates of CRC between scheduled
visits have been observed. 22 ® More recently, advances in optical technology allow
improved endoscopic identification of dysplasia and indicate that most dysplasia in IBD is in
fact visible. ® The diagnostic yield of dysplasia using CE with targeted biopsies has been
found to be superior to WLE when using SD colonoscopes. %4 ¢7-70 When applying topical
dye during chromoendoscopy (CE), mucosal abnormalities are highlighted, allowing for
more precise biopsies. % The Scenic meta-analysis study including eight randomized
controlled trials (RCTs) using SD colonoscopies, found that CE with targeted biopsy had 1.8
higher rate of dysplasia detection compared with WLE with random biopsies. ’! Based on this
meta-analysis, non-RCTs demonstrate a benefit of chromoendoscopy over SD WLE and HD
WLE, whereas RCTs only show a small benefit of chromoendoscopy over SD WLE, but not
over HD WLE."”? Furthermore, targeted biopsies are considered superior to random biopsies
of apparently unaffected mucosa which are of negligible additional value as they have a poor
diagnostic yield. 7 Assuming that fewer biopsies are required in CE renders the technique

more time and cost efficient than standard WLE. 63647475 Most clinical guidelines now cite
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CE as the preferred surveillance tool when available. These strategies are however based on
studies from tertiary health centres and CE is not widely implemented in routine clinical
practice. A study including 92 endoscopists in the US found that only 34 % used CE with

targeted biopsies in IBD dysplasia surveillance. 7

Molecular markers

Genetic and epigenetic alterations which accumulate during CA-CRC tumorigenesis, are
attractive candidates for tumour markers. Altered DNA from neoplastic cells of the colon are
shed into the gut lumen and may be recovered in stool samples (sDNA). Technical advances
in DNA stabilization, recovery and quantification have enabled the development of assays
with high analytical sensitivity and specificity. Pilot case-control study observations suggest
that SDNA may be feasible for the detection of CRC in IBD patients. ’7 Also, the use of
sDNA for CRC surveillance in UC has found to be cost efficient. ”® The MT-sDNA panel
containing a combination of mutant KRAS, aberrantly methylated bone morphogenetic
protein 3 (BMP3), N-Myc downstream-regulated gene 4 (NDRG4) and a fecal
immunochemical test (FIT) for human haemoglobin, detects CRC and screening relevant
adenomas with good discrimination in individuals with average risk of developing non CA-
CRC. ”° This panel is available for the screening of non CA-CRC in the United States.

MTsDNA may serve as a non-invasive supplement to colonoscopic surveillance in UC.
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Aims of the study

The primary aim of the present study was to investigate the frequency of CA-CRN in

longstanding IBD in Norway, by current surveillance practice.
The secondary objectives were:

1. To evaluate the risk of selected clinical risk factors associated with CA-CRC, in
longstanding UC, in a prospective population cohort in Norway. (Article I)

2. To describe the outcome of CE, when implemented for the surveillance of patients
with longstanding UC, in routine clinical practice in a community hospital in Norway.
(Article 1)

3. To assess the use of non-invasive stool tumour markers for the detection of colonic

neoplasia in IBD patients. (Article I1I)
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Material and methods

Research design

A population-based inception cohort of IBD patients and a single centre surveillance cohort
of UC patients from a community hospital were included in this prospective observational

study.

The International Classification of Diseases (ICD-10) is the standard diagnostic tool for
epidemiology, clinical diagnosis and health management. All cases of malignant neoplasms
of the colon, malignant neoplasms of the recto-sigmoidal junction and malignant neoplasms
of the rectum (C18-20), recorded until January 2015 in the Cancer Registry of Norway, were
used in this study.

Study population

Population based cohort, The IBSEN-study

All patients (n=843) diagnosed with IBD or possible IBD from January 1, 1990, until
December 31, 1993 in the counties of Oslo, Ostfold, Telemark and Aust-Agder in
southeastern Norway were prospectively followed. Clinical data including gender, maximum
extent of colitis at any time, duration of disease, age at diagnosis of UC, coexisting PSC, as
well as first-degree relatives with CRC, were recorded from the time of enrollment, and at 1-,
10- and 20- years of follow-up. The organization of the cohort, diagnostic criteria for IBD
and clinical follow-up protocol, have been described in detail elsewhere. 398! All visits
included a clinical examination, a structured interview and laboratory tests. Surveillance
colonoscopies were performed at local and referral hospitals, according to guidelines in
patients with PSC, history of CRC in first degree relatives, or pseudopolyps. Colonoscopies
were otherwise performed when indicated clinically, unless the patients objected. Patients
were followed closely, and thus received adequate anti-inflammatory treatment. All data were

updated from digital medical journals at inclusion, in the present study.

A total of 517 patients were diagnosed with UC; half were males (51 %), and median age at
inclusion was 37.4 years (range 4 to 88). A total of ten UC patients were lost to follow-up
during the study period of 20 years. A total of 57 UC patients underwent colectomy, 26/347
UC patients with left-sided colitis and a total of 31/170 UC patients with extensive colitis.?! 82
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Lovisenberg prospective surveillance cohort

All cases of UC (K 51) registered in the database of Lovisenberg Hospital from 1999-2013,
were invited to participate in the present study if they had 1) extensive UC, documented by
endoscopy at any time during the course of disease and 2) disease duration of eight years or
more. A total of 67 UC patients were included.

Exclusion criteria included death or colectomy at any time during follow up.

Demographic and clinical data were extracted from digital medical journals and by structured

interview of each patients.
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Data management and validation

Population based cohort, The IBSEN-study

Both a nurse and a physician interviewed and examined the patients at the 20 years” visit. The
physician filled in a standardized form and the patients a comprehensive questionnaire,
assisted by the nurse when necessary. All data were monitored by a project coordinator and
subsequently, manually entered into a central database. The proportion of incorrect data was

monitored by comparing ten percent of transferred records, and found to be less than 0.5 %.

Lovisenberg prospective surveillance cohort

All demographic and clinical data as well as results from blood tests, stool samples,
colonoscopy and biopsies, were transferred into a database by the primary investigator. The
proportion of incorrect data was monitored by comparing ten percent of transferred records

and found to be less than 0.5 %.

Cancer Registry of Norway

All medical doctors in Norway are, by law, obliged to report new and suspected cancers to
the Cancer Registry which contains detailed information on each case of cancer, thus
ensuring a completeness of approximately 99 %. Cases of dysplasia are not recorded in the
Cancer Registry of Norway.

All cases of malignant neoplasms of the colon, malignant neoplasms of the recto-sigmoidal
junction and malignant neoplasms of the rectum (C18-20), recorded until January 2015 in the

Cancer Registry of Norway, were used in this study.

The interpretation and reporting of these data are the sole responsibility of the authors, and no

endorsement by the Cancer Registry of Norway is intended, nor should it be inferred.
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Methods

Chromoendoscopy

All CE were conducted during routine everyday practice between January 2012 and August
2013. Prior to the study, the endoscopists underwent specific CE training at the Endoscopic
unit of St Gjoran Hospital, Gothenburg, Sweden. One may expect a sequential increase in
accurate identification and discrimination of lesions as the endoscopists gained experience by
each successive CE.

All patients in the Lovisenberg prospective surveillance cohort underwent CE with standard
definition endoscopes Olympus CF190, when the quality of bowel preparation was adequate
(n=67/68).

The colonoscope was advanced to the ileum. Each examined segment was then examined
during extubation after topical application of blue dye (indigo-carmine 0,3%), using a spray-
catheter.

Endoscopic degree of inflammation was classified according to the Mayo endoscopic score
for UC. Extensive colitis was defined as endoscopic inflammation proximal to the splenic
flexure.

Images were taken of all target lesions which were described according to terminology
adapted from the Scenic Consensus. 7! The lesions were then either removed or biopsied
according to standard clinical practice. If more than one lesion was present, the largest was
marked as the index lesion

Also, a minimum of one random biopsy was taken from each of the six segments (cecum,
ascending, transverse and descending colon, sigmoid and rectum) to determine the extent of
disease and grade of inflammation.

Independent and blind analyses of formalin-fixed paraffin embedded biopsies were
performed by two expert gastropathologists blinded to clinical data.

Histologic degree of inflammation was recorded according to the Mayo and Geboes indexes.
83 Mucosal biopsies were classified as either negative for dysplasia, indefinite for dysplasia,
positive for low-grade dysplasia (LGD), high-grade dysplasia (HGD) or adenocarcinoma. 34
The final result for each patient was based on the histopathological evaluation.

Neoplasia was considered proximal when occurring proximal to and distal when occurring

distal to the splenic flexure.
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Stool tumour markers, MT-sDNA

A total of 205 IBD patients were included from the prospective IBSEN (n=142) population-
based and Lovisenberg (n=63) surveillance cohorts. After informed consent, they were then
provided with equipment for convenient collection of stool samples. 192 patients submitted a
stool sample for MT-sDNA analysis

Stool samples were collected before (n=130 (68%)) or at least one week after (n=62 (32%))
bowel preparation and colonoscopy as both may affect cell desquamation from the gut wall.
To avoid DNA degradation, patients added 250 ml Progene stabilizing buffer (EpiGen
laboratory, Department of Clinical Molecular Biology, Akershus University Hospital,
Lorenskog, Norway) promptly after collection in the provided container. Samples were then
homogenized, separated into aliquots in 50 ml Falcon tubes and frozen to —80°C. Frozen
aliquots were subsequently sent to Exact Sciences (Madison, WI, USA) for blinded
quantitative molecular assays for methylated BMP3, methylated NDRG4, mutant KRAS and
[S-actin (a reference gene for human DNA recovery). Due to association with inflammatory
disease activity, fecal immunochemical testing was not performed.

Mt-sDNA analysis was possible in all returned samples. As no preparation nor restriction of
diet or medication were required, the test was considered to be patient friendly. According to
protocol, stool samples were to be delivered at the Unger-Vetlesen laboratory within 24
hours. The time from sample collection and homogenization exceeded 24 hours in
approximately 1/6 of the stool samples. Neither the delay nor the variable character of the
stool samples appeared to affect the DNA extraction.

Assay methodology for the multi-target stool DNA ( MT-sDNA) test has been previously
published. 7° Briefly, targeted DNA sequences were hybrid captured from fecal supernatants,
bisulfite treated, and assayed by multiplex quantitative allele-specific real-time target and
signal amplification (QuARTS) assays. Samples in which B-actin amplified to more than 200
copies indicated sufficient DNA recovery. The resulting quantitative measurements of each
marker were then incorporated into a validated logistic-regression algorithm which generates
a composite score which is positive when above a predefined threshold. 8637 A value of zero
was entered for the fecal immunochemical hemoglobin test variable in the algorithm; results
for each sample were reported as positive or negative. All technicians performing stool
assays were blinded to clinical data thus avoiding bias.

Data regarding colonoscopy was extracted for included patients in whom stool samples MT-

sDNA analysis was completed. Patients included from the prospective surveillance cohort
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(n=63) underwent CE as described previously. In the prospective population cohort, (n=33)
patients underwent either dye-enhanced chromoendoscopy (CE) or (n=92) standard definition

white-light colonoscopy (WLE); procedure type data was missing in four patients.
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Data analysis and statistical methods

All variables included in the statistical analyses were recorded at inclusion, and at scheduled
follow-up interview, colonoscopy and upon result of bioptic or MT-sDNA analyses. Data
were summarized as a median (interquartile range) for continuous variables and as a
percentage of subgroup totals for categorical variables. Sensitivity and specificity were
estimated with corresponding 95% confidence intervals (CI) calculated using the exact
binomial distribution. All tests were two-sided and p-values <0.05 were considered

statistically significant. Statistical analysis was performed with SPSS version 22-26.

In the IBSEN 20 cohort, the age used in the analysis was age in years at the 20 years follow
up presentation. Patients who developed CRC prior to UC diagnosis were not included in the
statistical analysis. Follow up time was defined as time from the date of diagnosis of UC to
the date of CRC diagnosis, date of death, colectomy or end of follow-up which ever came
first. The event was defined as occurrence of CRC. The risk of having CRC was adjusted for
colectomy. The risk of having CRC was modelled using Cox proportional hazard regression
and the results are expressed as Hazard ratios (HR) with 95% confidence intervals (95% CIs).
Variables tested in the univariate Cox models were gender, maximum extent of colitis at any
time, duration and age at diagnosis of UC, coexisting PSC, and first-degree relative with
CRC. Grade of mucosal healing was not analyzed as case data were incomplete.

In chromoendoscopy, dysplasia detection yield was defined as the proportion of bioptic sites

containing dysplasia or invasive CRC in relation to the total number of biopsies.

The dysplasia detection rate was defined as the proportion of UC patients in whom neoplasia

was detected in relation to the total number of UC patients.

The number of patients needed to be screened with MT-sDNA to detect one single IBD-CRC
or IBD-CRN was estimated as 1/ (disease prevalence x test sensitivity). The corresponding
95% CIs were calculated assuming the prevalence of disease as a known fixed quantity. 38
The association of IBD-specific risk factors for CRN with MT-sDNA test outcomes and the
differences between the cohorts were investigated using the Yates Correction for Continuity
or Fisher exact test for categorical variables and the Mann-Whitney U Test for continuous

variables.
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Ethics

The study protocols were approved by the Regional Committee for Medical and Health
Research Ethics (REC). Project numbers 2010/1093 and 2010/1540.

The confidentiality of patient identity and records was maintained using the guidelines of the

National Health Department.

Written informed consent was collected from all included subjects.
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Flow charts

Extensive Ulcerative Colitis
n=156

v

Included
Extensive Ulcerative colitis
> 8years
n=67

Excluded, n=81

Colectomy due to:

-Refractory colitis, n=32

-Colorectal cancer, n=5

-Dysplasia, n=1

Other:

-Metastasized colorectal cancer, n=1
Dead/unavailable, n=7

Extensive Colitis<8years, n= 34
Inadequate bowel preparation, n=1

Lovisenberg Surveillance Cohort

756 IBD patients at baseline
519 UC
237 CD

517 UC included in
CRC risk analysis

470 IBD patients
at 20 years follow-up

286 not participating
-157 dead
-34 lost to follow-up
-70 refused
-25 other comorbidities

IBSEN 20 Cohort
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Summary of articles

Article |

Background

The association between UC and CA-CRC is widely accepted although attenuated risk has
been reported in recent years. The magnitude of the risk is related to established clinical
factors. In the present study, we evaluated the risk and clinical factors associated with CA-
CRC in a population cohort of UC patients 20 years after diagnosis, the IBSEN study.
Results

A total of 517 patients with UC were included; 264 (51 %) males; median age at inclusion
37.4 years (4 to 88).

The overall incidence of CA-CRC was 1.6 % (8/517) at 20 years-follow up. The total life-
time risk of CRC prior to or after UC diagnosis was 2.3%. (12/517). Patients older than 70 at
diagnosis had a 15-fold higher risk of CRC compared to those diagnosed when younger than
40 years, Hazard ratio 15.68 (95% CI 1.31-187.92). Neither sex, first degree relative with
CRC, extent of colitis nor primary sclerosing cholangitis affected the risk of CA-CRC.
Conclusion

The risk of CA-CRC in UC was low and comparable to the risk of CRC in the background

population of Norway.
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Article Il

Background

Patients with longstanding and extensive UC carry an increased risk of developing colonic
neoplasia and are advised to attend colonoscopic surveillance. At CE, mucosal abnormalities
are highlighted, allowing for precise targeted biopsies. The value of additional random
biopsies is doubtful, thus fewer biopsies are needed than with WLE. These guidelines are
however based on studies performed in advanced endoscopic units and CE is not routinely
applied in Norway.

We wished to evaluate the endoscopic and histologic outcome of CE for the surveillance of
neoplasia in UC patients in a community hospital of Norway.

Results

Neoplasia was detected in 7/67 patients; with both targeted and non-targeted biopsies in 4/7
patients and in 2/7 patients by non-targeted biopsies alone. In 1/67, adenocarcinoma was
diagnosed after colonic resection. The dysplasia yield of non-targeted biopsies was 3%
(24/809) and 20% (10/48) for targeted biopsies. Sensitivity and specificity for diagnosing
neoplasia was 43% (95% CI 22-66 %) and 93% (95% CI 90-96 %), respectively. A total of
19/23 dysplastic lesions were detected in mucosa with past or present inflammation.
Conclusion

The study suggests that, although novice to CE, the endoscopists accurately evaluated the
absence of neoplasia. The yield of non-targeted biopsies with LGD was negligible. LGD

appears to be present in mucosa with histologic signs of inflammation.
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Article 1l

Background

Colonoscopic surveillance is advised in patients with longstanding IBD as they are at
increased risk of CRC. Adherence to recommended guidelines is however suboptimal. Non-
invasive tests surveillance may improve access and compliance to surveillance. Multi-target
stool DNA (MT-sDNA) has been validated for screening of non CA-CRC but has not been
assessed in IBD.

We assessed the performance of a MT-sDNA test panel in a real-life surveillance setting of
patients with longstanding IBD enrolled from two prospective cohorts. submitted an EDTA
buffered stool sample and underwent chromo- or white light colonoscopy. Stools were
assayed for methylated BMP3 & NDRG4, mutant KRAS and f-actin by a laboratory blinded
to clinical data.

Results:

The MT-sDNA panel was positive in 2/2 CRC and 5/15 low-grade dysplasia <lcm in
diameter. Sensitivities were 100% (95% CI 16-100 %) for CRC and 33% (95% CI 13-61 %)
for low-grade dysplasia lesions <lcm, with specificities of 87% (95% CI 81- 91%) and 93%
(95% CI 88-96 %), respectively. The estimated number of patients needed to screen to detect
a single CRC was 96 (95% CI 93-99) and was 28 (95% CI 22-34) to detect any colorectal
neoplasia.

Conclusion:

The MT-sDNA panel detected CRC in IBD. Sensitivity for sub-centimeter colorectal
neoplasms in IBD patients appears similar to that observed in the general population. The test
may be a valuable tool for detection of malignancy during structured surveillance of long

term IBD in a first line hospital setting.
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Discussion

The thesis comprises three papers presenting prospective observational studies of IBD
patients recruited from outpatient clinics at gastroenterological hospital departments.

In view to more precisely assess individual risk of CA-CRC in UC, we evaluated the risk of
CA-CRC and clinical factors associated with CA-CRC 20 years after the diagnosis of UC in a
prospective inception population cohort of Norwegian patients. The implementation of dye-
enhanced chromoendoscopy in everyday clinical practice in a community hospital was
assessed and generated awareness on the real-world challenges of recommended surveillance
guidelines. We finally investigated the accuracy of stool tumour markers as noninvasive tools

could serve as supplement to current surveillance practices.
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Methodological considerations

Study population

IBSEN 20 cohort

In the IBSEN study completeness of data was achieved by a strong collaboration between
primary and secondary health care physicians involved in IBD, thus to our knowledge
achieving a complete inclusion of the catchment IBD-patients in the early 1990s. All patients
had equal and good access to both general practitioners and pediatricians, gastroenterologists
and gastrosurgeons. Both diagnostic methods and treatment were similar in the region
involved. Five years after inclusion, up-to date clinical information was available for 94 % of
the initial cohort. At ten years after inclusion complete data were obtained from 90 % of
patients. Finally, at twenty years after inclusion a total of 470/599 live patients were included,
resulting in a completeness of 78%. The limited time during which inclusion took place and
the dedicated primary and secondary health care physicians responsible for diagnosis of IBD
ensured a uniform diagnostic and therapeutic approach.

Quality of data was ensured by scrutiny of digital medical journals at inclusion in the present
study.

All Norwegian citizens are assigned a unique digital identification number, which makes it
possible to link data from several registries and enables highly reliable epidemiological

research.

Lovisenberg surveillance cohort

As CA-CRN is infrequent in UC, UC patients with extensive colitis were included as they
carry an increased risk of developing CA-CRN.

The recruitment may be biased as the study was performed in a single community hospital
where patients may display a less severe course UC than those followed in secondary and
tertiary institutions and therefore may have a lower risk of CA-CRN. 3% On the other hand,
the prospective design of the study reduced the risk of selection bias. Furthermore, the
fraction in whom neoplasia was detected was comparable to studies performed in tertiary
referral centres.

To minimize volunteer bias all patients were informed either upon inclusion in the
Lovisenberg Surveillance cohort or at scheduled follow-up in the IBSEN population cohort.
As CA- CRC is a serious threat, IBD patients would be expected to be motivated to
participate in the study.
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Case evaluation

All medical doctors in Norway are, by law, obliged to report new and suspected cancers to
the Cancer Registry which contains detailed information on each case of cancer, thus
ensuring a completeness of approximately 99 %. Cases of dysplasia are not recorded in the
Cancer Registry of Norway.

The interpretation and reporting of these data are the sole responsibility of the authors, and no
endorsement by the Cancer Registry of Norway is intended, nor should it be inferred.
Patients underwent structured interview and clinical examination by one primary investigator.
Answers were consecutively filed in electronic case report forms. The data was coded
accorded to predefined whole numbers enabling acquisition of data from the electronic files
Each patient file was handled similarly, limiting data processing errors and bias.

Questions regarding patient history extended up to previous decades. Recall bias was limited
through verification by scrutiny of digital medical hospital journal. A complete record of all
variables was not possible to achieve but the study has few missing data, thus statistical
analyses were not limited.

As CA-CRN is fortunately infrequent, although considerable effort was spent on the
inclusion of patients, the sample size was moderate thus limiting the statistical power. Also,
the median age at diagnosis of UC was 38, As risk increases with age one may thus expect an

extended observation period may reveal an increased number of CRC.

Chromoendoscopy

Prior to CE, all patients underwent bowel preparation with oral sodium phosphate. Although
reports do not recommend the use of oral sodium phosphate in IBD patients as it may cause
aphthous ulcers which may be misinterpreted as inflammatory activity, we did not find such
changes in the present study. °° The endoscopists trained prior to the study, then gained
experience by performing CE successively on the study patients. Thus, one may expect a
sequential increase in accurately identifying and discriminating lesions.

Colonoscopy was performed when the quality of bowel preparation was deemed adequate.
Previous reports have found that only low quality bowel cleansing appears to affect adenoma
detection rate (ADR) in non-IBD colonoscopy, whilst intermediate/fair quality of bowel
cleansing does not affect ADR. °! °2 A recent study has further shown that poor bowel
preparation alongside inflammation were the most frequent factors of an unsuccessful CE. %3

In IBD as lesions may be difficult to discern, one could expect the requirements of



39

appropriate bowel cleaning to be higher. Standardized scales are recommended to minimized
interobserver variation. In the present study, although the quality bowel cleansing was

described, a standardized scale was not used.

CE was performed using standard definition endoscopes Olympus CF190. Lesions may have
been missed as standard definition endoscopes as opposed to high definition colonoscopes
were employed. Also, the accuracy of lesion detection is influenced by the duration of
withdrawal of the colonoscope. ** The duration of the colonoscopy including the withdrawal
time was not systematically recorded in the present study. As each segment of the colon was
initially examined using WLE and subsequently after application of spray-dye, the detection
of mucosal lesions may thus be influenced by the second pass scrutiny of the mucosa.
Lengthened procedure time as compared to WLE may lead to reluctance to implement CE in
clinical practice. CE was found to increase the procedure time by an average of 11 minutes in
two meta-analyses including mostly studies using a spray catheter for dye application. 7!
Recently, a RCT comparing HD CE with HD WLE did not find that CE was more time
consuming than WLE. Proposed reasons were the use of an automated water lavage pump for
dye application and a lesser number of harvested biopsies. °® The adenoma detection rate was

not registered in the present study as this parameter is not routinely utilized in Norway.
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Risk of CRC

In line with previous studies we found an increased risk of CA-CRC in UC patients. The risk
and overall incidence of CA-CRC are however the lowest reported so far reflecting the
population-based nature of the cohort. The St Mark's tertiary centre cohort study followed
patients enrolled in a surveillance program since 1971. The cumulative incidence of CA-CRC
was 2.9 % and 10 % in patients with extensive UC at 20 and 40 years follow-up, respectively.
7 Whilst, a cumulative incidence of 1% at 10 years, 3% at 20 years, and 7% at 30 years for
CRC-UC was reported in a cohort of 504 UC patients with varying extent of colitis included
from both tertiary and community-based health care centres.!”

On the other hand, several studies find no increased risk of CRC in IBD. A Danish
population cohort study which included about 32 000 UC patients and 14 000 CD patients
from 1979 until 2008 found a comparable risk of CRC between patients with IBD and the
general population when adjusted for age and gender. Also, both incidence and mortality of
CRC in UC was found to decrease from 1982-1989 and 2000-2010. *% *°

Interestingly, the overall risk of CRC in the present UC population cohort was found to be
slightly lower than the risk of sporadic CRC in Norway. % The cumulative risk of sporadic
CRC before the age of 75 years is reported to be 2.8 % for females and 3.1 % for males,
ranking Norway as the country with fourth highest rate in the world.!?

The present study supports the decrease in risk of CA-CRC observed in the aforementioned
large population and surveillance studies. °7 *® Reasons for the decrease are probably
multifactorial as diagnosis and treatment evolved during the observed time span from the
1960 until around 2015. Systematic neoplasia surveillance was introduced during this time
period. Also, technical advances enhanced lesion detection and management and surgery.
Finally, the introduction of immunosuppressive medication and anti-TNF agents contributed

to a markedly improved inflammatory control.
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Risk factors

Clinical factors have been acknowledged to influence the risk of CA-CRC.
Gastroenterological societies recommend surveillance programs at intervals determined by

individual risk factors. 60 101-103 62 We evaluated the association between established risk

factors and UC-CRC in the IBSEN population cohort.

Sex

We found that UC was equally distributed between men and women as reported in other high
incidence areas. 1% Although males had a two-fold increased risk of CRC after 20 years of
UC when compared to the background population of Norway, the risk of CRC was not
different from the females” within the cohort. 2* Similarly, a nationwide population-based
Danish cohort study with 30 years of follow-up from the late 1970s described a similar risk
of CRC for males and females ( RR 1.02, 95% CI, 0.86-1.21 and RR 1.12, 95% CI, 0.95-
1.33, respectively). °® Whilst in a retrospective population cohort of IBD patients using data
from 1960s until 2004, Sederlund et al found that in patients diagnosed with UC above the
age of 45 and with 10 or more years of pancolitis, males had an increased risk of CRC

compared to females (RR for males vs females was 1.7 (95% CI, 1.1-2.8). 10

Age at CRC diagnosis

We observed a median age of CRC in UC in line with previous studies including a
population-based cohort study from Copenhagen, St Marc’s tertiary hospital cohort, a
nationwide study from the Netherlands and a Hungarian population study in which the
median age at CRC diagnosis was 64, 58 and 51 years, respectively 22 106 10797 108

On the other hand, the median age of patients in whom CRC was diagnosed prior to UC was
comparable to reported median age for sporadic CRC (73 years). % Accordingly, UC-CRC
has been reported to occur around 17 years earlier than the median age (73 years) for
sporadic CRC in the non-IBD population of Norway.!*® However, the actual date of onset of
symptoms related to UC are not available, which means that these cases of CRC may in fact
be a complication to undiagnosed UC.

We further found that patients older than 70 years at diagnosis had a 15-fold higher risk of
CRC compared to those diagnosed when younger than 40 years. Molecular changes leading
to neoplasia accumulate over time, thus old age in itself, rather than either longstanding IBD
or elderly onset UC, may have contributed to CRC in these patients. In addition, molecular

changes involving the shortening of telomeres have found to be accelerated in the
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colonocytes of UC patients. ' Although, few data are available for IBD diagnosed in the
elderly, advancing age itself has not been described to increase the risk of CA-CRC.!!!
Nevertheless, a study from 2009 suggested that the interval between colitis and CRC
decreases with age, and that higher age at onset of IBD may be related to a more aggressive
CRC, suggesting the need of earlier surveillance in older IBD patients. 1

The incidence of CRC in elderly IBD is, however, low whilst these patients have been found
to have a greater need for hospitalization related to surveillance colonoscopy. ''* Moreover,
as comorbidities are more frequent in the elderly, the risk and benefits of surveillance

colonoscopy should be considered carefully.

Age at UC diagnosis

Although the majority of UC patients are diagnosed between the age of 30 and 40 with a
second peak described around the age of 60 to 80 , an increase in incidence of UC has been
found in all age groups in Northern America and Europe. !% 14 In the present study, the
median age at UC diagnosis was 40 years in the UC-CRC patients and 39 years for all UC
patients. Comparatively, in a population-based cohort study from Copenhagen and a
nationwide study from the Netherlands, the median age at UC diagnosis in patients who
developed CRC was 50 and 46 years, respectively. ' In line with the St Marc’s cohort, the
median duration of UC until the development of CRC was 22 years. °7 In contrast, the
Copenhagen study and the Dutch study, which both described median duration time of colitis

to development of CRC, as 12 and 11 years, respectively. 107 108

Extent of colitis

We were unable to confirm extensive colitis as a risk factor for UC-CRC, although
previously described in several studies.!!> This may be due to the high standard of follow-up
and good compliance to anti-inflammatory medication, but a type-II error in this real-life

cohort is not excluded.
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Primary sclerosing cholangitis

A total of 15 UC patients had PSC of whom 80% had extensive colitis. As relatively few
cases of CA-CRC were observed, we were unable to evaluate the association between CA-
CRC and PSC without or in combination with extensive colitis. A case-control study of two
large IBD cohorts has shown that the risk of colorectal neoplasm increased 6.9-fold with a

concomitant diagnosis of PSC.!1¢

First degree relative with CRC

A family history of CRC in UC patients increases the risk of CRC, irrespectively of the type
and extent of IBD, as compared with patients with UC without positive family history for
CRC. %’

The limited statistical power of the present study did not allow us to explore the association

between heredity and CA-CRC.

Location of CRC

In the present study, half of the CA-CRC cases were located in the rectum/distal colon.
However, in line with previous studies, the limited number of patients with CA-CRC, did not
allow for us to estimate the effect of location on risk of CA-CRC. A retrospective cohort
study from 2012 included 700 UC patients with extensive colitis in whom a total of six out of
nine of the detected CA-CRCs were located in the rectum. Moreover, 71.2 % of advanced
neoplasia was detected in rectum or sigmoid colon.!!” More recently, the forty year analysis
of colonoscopic surveillance in a tertiary referral hospital, the St Marc’s cohort, detected CA-

CRC in 72 patients; 57% were located distal to the splenic flexure. 2
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Surveillance

Clinical guidelines recommend surveillance based on regular review of symptoms and
laboratory tests for patients with UC extending proximal to the rectum. In addition, interval
surveillance colonoscopy should be performed, as carcinoma in UC is thought to develop
through a stepwise progression from inflammation, to LGD to carcinoma. '8 6! In view to
reduce both morbidity and mortality, early neoplastic lesions should be removed
endoscopically whilst colectomy is advised in patients with unresectable lesions. However,
the approach to endoscopic surveillance in UC patients is not based on robust evidence. Also,
up to 30% of CRC-IBD in surveillance cohorts occur between scheduled colonoscopies
“interval cancers”. '’

In our surveillance cohort, we found a median time of 24 months (range 0-96) from the prior
“pre-study” (n= 61/67) until the next scheduled colonoscopy. The wide range in time of
scheduled surveillance colonoscopies, underlines that endoscopic surveillance of UC patients
according to guidelines is not systematically implemented in Norway. In the IBSEN 20
population study, UC patients with risk factors including PSC, underwent colonoscopy for
dysplasia detection, although not at regular defined intervals. However, all patients attended
structured clinical follow-up, ensuring optimal anti-inflammatory therapy. Additionally,
colonoscopy was performed when clinically indicated, whereby dysplasia may have been
resected, thus decreasing the risk of CRC development. Unfortunately, data regarding
dysplasia of the colon was not available. No randomized controlled trials have been
conducted to demonstrate the most appropriate technique for surveillance, the optimal
interval, or that surveillance colonoscopy as truly effective. *° 12° A reduced odds ratio (OR)
for CRC has been demonstrated in retrospective case-control studies. 28121122 A subsequent
retrospective population-based cohort study found a 5-year CRC-related survival of 100%, in
a surveillance group compared with 74% in a nonsurveillance group (P = 0.042). 37 Also, in a
retrospective cohort study, colonoscopic surveillance within four years was associated with
reduced incidence of CRC and lower mortality among those diagnosed with CRC. 2
Recently the St Marc’s study found that neoplasia is detected at an earlier stage in patients
enrolled in surveillance programs, thus ensuring a better prognosis. *’

However, the low observed risk of CRC in UC in present study appears more likely to be
attributed to participation in the present study with adequate control of inflammation.
Similarly, a nationwide population study following 32 911 Danish UC patients for 30 years

found that the overall risk of CRC in UC was decreasing and comparable to the general
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population. Surveillance was not routinely implemented in Denmark at the time of the
observation period (1979-2008) implying that improved therapeutic control of inflammation
as well as colectomy may have contributed to the decline. °® In contrast, Singh et al reported
low CA-CRN rates in UC and CD patients close to fully adherent to a surveillance scheme at

a tertiary IBD centre. 24

Chromoendoscopy

Only dysplastic lesions should be removed as they may progress to CRC. Endoscopic
surveillance should thus exhibit both a high sensitivity as well as high predictive value for the
differentiation between dysplastic and non-dysplastic lesions. 2> This would imply that all
dysplastic lesions are identified endoscopically and that lesions confidently characterized as
non-dysplastic can be left in situ without biopsy or resection. Despite CE, endorsed as the
gold standard for surveillance in UC, it is not universally used in clinical practice. Reported
reasons are lack of equipment, training and expertise, as well as prolonged examination, and
thereby a more costly procedure. 126 127 128-130 We agsessed the implementation of CE for the
surveillance of UC patients in a community hospital in which patients may have a less
aggressive UC than in advanced units. Neoplasia was detected in 7/67 patients in the present
study, lower than the average rate of 14% found by Mooiweer et al in randomized trials. '3!
In a multicentre RCT, Vleugels et al. detected dysplasia in 19% of 105 UC patients, of 70.5
% of whom had pancolitis of similar disease duration as in the present study. In the same
study, no targeted biopsies were taken in 34 % of the CE, compared to 76 % in the present
study. ¥

The negative predictive value for neoplasia detection was 97% and sensitivity 43 %, similar
to previous studies of real-time dysplasia detection, and prediction using CE with sensitivities
and NPV in the range of 32-93 % and 88- 98 %. ©7133 134 132 133 Ty addition, a recent meta-
analysis found a pooled specificity of 93% and sensitivity of 91% for CE with indigo
carmine dye spray. '*> Disparity in dysplasia detection may be explained by the use of high-
definition colonoscopes in Vleugel et al study, compared to standard definition colonoscopes,
used in the present study. Also, endoscopists underwent a more comprehensive CE training
prior to the study. However, Carballal et al found that both CE novice endoscopists and CE
expert endoscopists evaluated lesions with a high NPV. 133 Although all lesions were
assessed by endoscopists involved in endoscopy research, dysplastic lesions were not reliably

identified. This emphasizes the importance of histopathological assessment of all potentially
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dysplastic lesions encountered during surveillance of longterm UC. Moreover, this may have
also caused selection bias, as it is unclear how endoscopists would have performed in a non-
research setting. Although increasingly applied, CE is not widely implemented, nor taught
systematically, in endoscopy units in Norway. Also, endoscopists differ regarding the utility
and practicality of the technique. As units increasingly focus on efficiency, allocation of time
required for acquiring both the basic skill and experience, necessary to perform CE, may

represent a challenge.

Field effect and non-targeted biopsies

In contrast to sporadic CRC, which arises from 1-2 foci of dysplastic changes and follows a
recognized adenoma-carcinoma sequence, colitis-associated CRC results from a field change
effect with multi-focal genetic alterations that do not follow the typical adenoma-carcinoma
sequence of events. Invisible dysplasia is defined as dysplasia identified on non-targeted
biopsies of macroscopically normal mucosa. ’! In 2/7 patients, low grade dysplasia (LGD)
was detected solely by non-targeted biopsies taken during chromoendoscopy described as
macroscopically normal. A follow-up with colonoscopies did neither confirm nor reveal any
further dysplasia.

In another two patients non-targeted biopsies confirmed a field effect by detecting LGD when
dysplastic lesions were identified elsewhere in the colorectum by targeted biopsies. During
intensified follow-up colonoscopies, no further dysplasia was detected after 2,5 years follow
up (range 2-5) in these patients. Previous reports have found that LGD detected by non-
targeted biopsies progresses to CA-CRC in as much as 20-23 %. 38°7 136 More recent data
however report a 3- 10 % rate of progression to CA-CRC. '*7-139 The decrease in progression
may be explained by improved surveillance and detection techniques. The Scenic consensus
supports confirmation of dysplasia by two histopathologists and referral to CE or HD-WLE if
not already employed. The detection of multifocal dysplasia in non-targeted biopsies has
important implications as both AGA and BSG recommend colectomy in such patients. In

those unwilling to undergo colectomy, follow-up with CE is advised.

In two of the seven UC patients with colonic neoplasia, non-targeted biopsies confirmed a
field effect by detecting LGD when dysplastic lesions were identified elsewhere in the
colorectum by targeted biopsies. In another of the seven patients with neoplasia, non-targeted

biopsies showed multifocal fields of LGD synchronous with targeted biopsies which showed
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multifocal lesions with HGD and adenocarcinoma. The patient had primary sclerosing
cholangitis and procto-colectomy was performed. The Scenic consensus recommends
continued surveillance when visible dysplasia is found in the same area as invisible dysplasia
and the lesion is resectable. On the other hand if visible dysplasia is not detected
individualized follow-up is advised. *° The prevalence of synchronous CRC in patients with
flat HGD has been found to range from 42-45 %. °7 140 In a retrospective Dutch study from
tertiary IBD centres, the dysplasia yield of non-targeted biopsies was 5 % (7/140 lesions in
71/196 patients). The dysplastic yield of non-targeted biopsies in the present study was 3%.
Both the high number of biopsies may reflect that the endscopists were novice to CE and
overdiagnosed lesions. Also, as the present study was performed in a community hospital, the
patients may have had a milder disease and thus lower risk of neoplasia. In the same study,
LGD was detected in the non-targeted biopsies of mucosa surrounding visible lesions.
Similar to the present study, a median 37 months follow-up of patients, in whom LGD was
detected, non-targeted biopsies taken close to visible lesions did not reveal any progression to
CRC. The value of routine non-targeted biopsies in the both the presence or absence of

visible dysplasia remains questionable. 14!

Inflammation

Surveillance colonoscopy should be performed in quiescent IBD as the visualization of subtle
or flat early dysplastic lesions may be hampered by active inflammation or chronic changes,
such as strictures and pseudopolyps. 2862 % However, in our surveillance cohort, the minimal
level of inflammatory changes in the patients, in which dysplasia was diagnosed by non-
targeted biopsies only, did not likely impede their detection.

Also, current or previous inflammatory changes were present around all dysplastic lesions,
including non-targeted biopsies harbouring lesions with LGD. In patients with longstanding
UC, with either left-sided (1/3) or extensive colitis (2/3), Vleugel et al found that 66%
percent of dysplatic lesions were found in a part of the colon that was previously inflamed. 32
When evaluating interval CRC in IBD patients undergoing endoscopic surveillance, close to
% of CRC were detected in areas with histologic signs of chronic inflammation. 2 However,
although the patients had active inflammation at index colonoscopy, they had a mild course
of disease as in the present study. This suggests that although inflammation is considered a

precondition for carcinogenesis in IBD, the severity may not be of great importance.
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Watanabe et al suggested that random biopsies might be omitted in the absence of previous or
current inflammation. 43 Conversely, Ullman et al reported a five-year progression rate to
HGD or as high as 9% in biopsies from mucosa with chronic active inflammation. Moreover,
distinguishing regeneration and repair from dysplasia may be difficult. 8

Important advances in endoscopic techniques occurred during the observation period of the
IBSEN 20 study. The presence of pseudopolyps, a sign of previous severe inflammation was
an indication for surveillance colonoscopy according to guidelines at the initiation of the
present study. Recently, pseudopolyps were not found to be a risk factor for CRC and

guidelines have been updated accordingly. !4
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Molecular markers

Although health care is universally accessible in Norway, certain patients remain reluctant to
undergo colonoscopy. Also, reports indicate that clinicians do not fully adhere to surveillance
recommendations. Non-invasive tumour markers have been found to increase compliance in
non CA-CRC screening. '*° They may serve as a supplement to colonoscopy and benefit the
surveillance of CA-CRN. Stool samples would be familiar to many UC patients as these are
used for monitoring inflammation of the colonic mucosa by quantification of calprotectin. 46
In the present study, a multitarget panel of tumour markers was evaluated in stool samples of
patients with longterm UC. While the sensitivity for the detection of CRN was moderate, the
detection rates for CRC was in line with the detection of sporadic CRC found both in cross-
sectional high-risk and large multicenter average risk population studies. 7 38 MT-sDNA test
was positive in 1/3 of IBD patients with LGD lesions<lIcm. The presence of LGD is of minor
clinical relevance in the general population, the management of LGD in IBD remains debated
as rates of progression to HGD or CRC vary from 14 % to more than 50% 38 147-149  The
presence of macroscopically invisible, flat non-polypoid lesions, > 1cm with LGD and
previously identified indefinite dysplasia predict an increased risk of development to HGD or
CRC. 7 In an average risk cohort, Imperiale et al. found that although MT-sDNA accurately
detected larger advanced neoplasms, sensitivity dropped to 30% and below for small non-
advanced lesions. 7° These results suggest that non-invasive detection of IBD-LGD may
depend on lesion size, however minute serrated and adenomatous precursor lesions appear to
exfoliate mutant and methylated s-DNA markers into stool. ! MT-sDNA has been found to
be false positive in up to 13 % in previous studies. 7° Similarly, the present study detected
MT-sDNA in close to 12% of patients where neoplastic lesions were neither described at
colonoscopy nor in biopsies. Sporadic colorectal neoplasms may be overlooked in 2-6% of
white-light colonoscopies. 128 15! Thus, small non-dysplastic lesions which are more likely to
have been missed at colonoscopy could have led to the presence of target DNA markers in
our samples. Screening tools need to achieve acceptable specificity as well as sensitivity as
false positive tests still remain a concern as how to approach them clinically. Clinicians
would need to know how to handle false positive SDNA results in face of negative repeat
colonoscopy. Also, the burden of a false positive result on patients must be avoided to avoid
unnecessary anxiety.

In stool testing, mucosal inflammation in patients with IBD increases the amount of

background human DNA, as measured by B-actin. 1> MT-sDNA was equally positive in the



50

presence and absence of inflammation further suggesting that inflammation has little impact
on the outcome of the stool test, consistent with prior observations. 7 Methylated BMP3 &
NDRG4 and mutant KRAS have been isolated from cancers of the respiratory system and
upper gastro-intestinal tract. Individuals with a history of “aerodigestive” cancers were
therefore excluded from the present study. However, in long-term follow-up of average risk
patients with positive MT-sDNA after a negative colonoscopy, aerodigestive tract cancer

events do not appear to be more common than expected within the general population. !>

Screening tools need to achieve acceptable specificity as well as sensitivity. The appropriate
approach to a positive SDNA in face of negative repeat colonoscopy remains a clinical
challenge. Also, false positive results may lead to unnecessary anxiety for patients. In the
retrospective DeeP-study Berger et al included around 1000 patients with negative
colonoscopy and negative MT-sDNA test and around 200 patients with negative colonoscopy
and positive MT-sDNA test. After a median follow-up of 5.3 years, one of the five patients in
the false positive group were diagnosed with aerodigestive cancers and 11 patients were

153

diagnosed with CRC in the true negative group. "> The results support recommendations to

avoid further testing in patients with MT-sDNA followed by high-quality colonscopy. '**
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Strengths and limitations of the present study

The strength of the IBSEN study includes a short inclusion time-interval, the longitudinal
follow-up of an unselected and well-defined cohort within a well characterized geographic
area. All living patients had the same length of follow-up.

In the Lovisenberg cohort, patient selection bias was minimized by the consecutive inclusion
of UC patients undergoing surveillance.

All citizens in Norway are assigned a unique ID number, which enables easy and accurate
identification and linkage to medical and death records as well as to the National Cancer
Registry. The Norwegian Cancer registry does not have data concerning dysplasia, only
CRC. The true risk of CA-CRC in the current study may in fact be higher, as 57 UC patients
underwent colectomy. Colectomy would have been performed in any patients in whom HGD
was detected in the colonic mucosa. Also, the detection of multifocal LGD in the colonic
mucosa or severe and extensive inflammation in the pre-biologic era may have led to
colectomy and thus prevented CRC. Data regarding the causes of colectomy was however not
available for the present study.

The approach to patient inclusion was rigorous and derived from a large cohort of patients.
However, the number of observed cases was low, thus limiting the statistical power. The low
rate of CA-CRN is, however, believed to reflect real life scenario in agreement with several
recent studies with low observed rates of CA-CRN in both UC and CD. The absence of
patients with HGD prevented any observations on detection for these critical targets.

The median age at UC diagnosis was below 40 years in both the Lovisenberg cohort and the
IBSEN cohorts. The median duration of UC was around 20 years in both cohorts and the
patients were thus still relatively young and extended observation period may therefore reveal
further CA-CRN and CRC.

Quality indicators of colonoscopic surveillance which may affect CRN detection were not
systematically recorded. These include adenoma detection rate, quality of bowel cleansing
and withdrawal time. Also, CE was performed by two experienced gastroenterologists, who
were, however, novel to the CE- technique.

Our investigation is however clinically relevant, as data were collected from real life clinical
practice and may therefore be generalized to the surveillance of UC patients in secondary

health care in Norway.
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Conclusion

In the present study, we found that UC patients in the area where the investigation was
conducted carry a low risk of CA-CRC. The low observed risk does not appear to be related
to endoscopic surveillance, but rather to close clinical follow-up and improved therapeutic
management of inflammation.

Also, chromoendoscopy appeared to be of value for dysplasia surveillance of UC in a

community hospital setting. The yield of non-targeted biopsies was negligible.

Finally, MT-sDNA accurately detected CRC in IBD. The sensitivity for sub-centimeter
dysplasia appeared to be similar to that observed in the non-IBD population. This non-
invasive test could serve as a non-invasive screening tool in patients unwilling to undergo

colonoscopy and may increase the pickup rate of interval carcinomas.

This study reflects the current public health experience in Norway and should inform on

surveillance policy also in view of achieving a uniform approach to CA-CRN screening.
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Future perspectives

Our findings in the IBSEN-20 study mainly reflect the risk of CA-CRC in UC patients on
traditional anti-inflammatory treatment as biologics were introduced late in the observation
period. In addition, the results are based on patients who did not undergo systematic
endoscopic surveillance. Evolving technology and improved optical visualization has altered
the therapeutic approach to detected mucosal lesions. Lesions which previously would have
warranted colonoscopic follow-up are now resected. A prolonged study period would
therefore allow us to assess the risk of CA-CRN based on current IBD therapy, endoscopic
surveillance and treatment of CRN.

As the risk of CA-CRC increases with age, a prolonged study may result in more observed
cases of CA-CRC. One may thus evaluate the impact of CA-CRC risk factors to more
precisely individualize surveillance of UC patients.

Although Mt-sDNA accurately detected CA-CRC, early neoplasia warrants further
knowledge about IBD carcinogenesis to establish highly sensitive markers. Combining
current with newly developed tumour markers may increase the sensitivity and negative
predictive value, also for early neoplastic lesions. These noninvasive markers may thus be
applied as a primary health care screening method. Patients with positive tests may thus be
referred to invasive endoscopic procedures including dye-based or HD colonoscopy in
specialized centres.

One may thus more precisely allocate necessary resources on units already facing an
increasing demand for endoscopy for diagnosis and follow-up of flares and complications

due the increasing incidence of UC.
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ABSTRACT

Objective The association between ulcerative colitis (UC)
and colorectal cancer (CRC) is widely accepted, although
attenuated risk has been reported in recent years.
Colonoscopic surveillance is recommended with intervals
based on established dlinical risk factors. Nevertheless,

a significant number of patients develop interval

cancers, indicating the need of improved individualised
assessment. In the present study, we evaluated clinical
risk factors associated with CRC during a prescheduled
follow-up 20 years after diagnosis, the IBSEN study.
Design A population-based inception cohort of patients
diagnosed with inflammatory bowel disease from 1
January 1990 until 31 December 1993, prospectively
followed at 1, 5, 10 and 20 years after diagnosis. A total
of 517 patients with UC were included; 264 (51 %) men;
median age at inclusion 37.4 years (4-88).

Results The overall incidence of CRC was 1.6% (8/517)
at a 20-year follow-up. The total lifetime risk of CRC prior
to or after UC diagnosis was 2.3%. (12/517). Patients older
than 70 years at diagnosis had a 15-fold higher risk of
CRC compared with those diagnosed when younger than
40 years, with HR 15.68 (95% Cl: 1.31 to 187.92). Neither
sex, first-degree relative with CRC, extent of colitis nor
primary scerosing cholangitis affected the risk of CRC.
Conclusion The risk of CRC in UC was low and
comparable with the risk of CRC in the background
population of Norway.

INTRODUCTION

The association between ulcerative colitis
(UC) and colorectal cancer (CRC) is widely
accepted although the magnitude of the
risk seems to have decreased, according to
recent studies.'? In 2014, an Australian study
described a cumulative incidence of 1% at
10years, 3% at 20years and 7% at 30years
for CRC-UC.® More recently, a population-
based inception cohort study, the IBSEN
study, described a twofold increased risk after
20years for male patients with UC but no

What is already known about this subject?
» Ulcerative colitis (UC) is associated with colorectal

cancer (CRC).
» The risk of CRC appears to have decreased in

magnitude.

» Clinical risk factors influence the risk and determine
the frequency of surveillance.

What are the new findings?

» The overall incidence of CRC was 1.6% in a pro-
spective cohort at a 20-year follow-up of UC, the
IBSEN 20 cohort.

» The total lifetime risk of CRC was similar to the risk
in the background population of Norway.

How might it impact on clinical practice in the

foreseeable future?

» The present study provides real-world knowledge
on the risk of CRC in UC allowing us to update and

increase in risk for female patients with UC,
compared with the background population.*

Several risk factors have been established
and include cumulative inflammatory
damage, severe and extensive inflammation,
previous neoplasia in the colon, coexistence
of primary sclerosing cholangits (PSC), a
history of first-degree relatives with CRC and
male sex.*™ In contrast, anti-inflammatory
medication seems to be protective, probably
as chronic inflammation contributes to the
development of CRCS 1818 Colonoscopic
surveillance is effective for the detection of
CRC in UC patients with UC; however, the
effect on survival is not established. Moreover,
although decreasing in incidence in parallel
with technical advances in endoscopy a signif-
icant number of patients develop interval
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cancer, indicating the need for more sensitive tools for
risk assessment.”®7 This need is further emphasised by
the rising incidence of UC, with the need for endoscopic
surveillance due to disease flares or n:omplicaticms.l L
More detailed knowledge on the specific effect of each
risk factor could enable more precise and personalised
surveillance.

Thus, the aim of the present study was to assess the
association between selected clinical risk factors and CRC
in a prospective population-based cohort of UC patients.

MATERIAL AND METHODS

Study population

A population-based inception cohort of patients with
inflammatory bowel disease (IBD), the IBSEN cohort,
diagnosed with IBD from 1 January 1990 untl 81
December 1993, has been prospectively followed at 1, 5,
10 and 20 years after diagnosis. The organisation of the
cohort, diagnostic criteria for IBD and clinical follow-up
protocol have been described in detail elsewhere.2* 21All
visits included a clinical examination, a structured inter-
view and laboratory tests. Surveillance colonoscopies
were performed according to guidelines in patients with
PSC, history of CRC in first-degree relative or pseudo-
polyps. Colonoscopies were otherwise performed at local
and referral hospitals when indicated clinically. Surveil-
lance colonoscopy was not performed in the remaining
patients as surveillance has not been found to be cost-
effective and newer modalities time-consuming. Patients
were followed closely and thus received adequate anti-
inflammatory treatment.

A total of 517 patients were diagnosed with UC; half
were men (51 %) and the median age at inclusion was
87.4years (range: 4-88). A total of 10 patients were lost
to follow-up during 20years of follow-up. A total of 26 of
847 patients with leftsided colitis and a total of 81 of 170
patients with extensive colitis underwent colectomy. ' 2

Data collection

All Norwegian citizens are assigned a unique digital iden-
tification number, which makes it possible to link data
from several registries and enables highly reliable epide-
miological research. All medical doctors in Norway are,
by law, obliged to report new and suspected cancers to
the Cancer Registry which contains detailed information
on each case of cancer, thus ensuring completeness of
approximately 99%. Cases of dysplasia are not recorded
in the Cancer Registry of Norway.

The International Classification of Diseases, 10th Revi-
sion (ICD-10) is the standard diagnostic tool for epide-
miology, clinical diagnosis and health management. All
cases of malignant neoplasms of the colon, malignant
neoplasms of the rectosigmoidal junction and malig-
nant neoplasms of the rectum (C18-C20) recorded until
January 2015 in the Cancer Registry of Norway were used
in this study.

The interpretation and reporting of these data are the
sole responsibility of the authors, and no endorsement by
the Cancer Registry of Norway is intended, nor should it
be inferred.

Data in this study were extracted from the enrolment,
l-year, 10-year and 20-year follow-up time points.

Ethics

The regional ethics committees and the Norwegian Data
Inspectorate approved the study. Patient identity and
record confidentiality were maintained according to
guidelines from the Norwegian Ministry of Health. All
patients signed an informed consent form. This study
was conducted in accordance with the Declaration of
Helsinki.

Patient and public involvement (PPI) statement

Indirect PP

We did not directly include PPI in this study, but the
database used in the study was developed with PPI
and is updated by a committee that includes patient
representatives.

Statistical analyses

Data were described with medians and ranges for contin-
uous variables and counts with percentages for categor-
ical variables. The age used in the analysis was age in
years at the 20-year follow-up presentation.

Patients who developed CRC prior to UC diagnosis
were not included in the statistical analysis.

Follow-up time was defined as the time from the date
of diagnosis of UC to the date of CRC diagnosis, date of
death, colectomy or end of follow-up which ever came
first. The event was defined as the occurrence of CRC.
The risk of having CRC was modelled using Cox propor-
tonal hazard regression and the results are expressed
as HRs with 95% Cls. Variables tested in the univariate
Cox models were gender, maximum extent of colitis at
any time, duration and age at diagnosis of UC, coexisting
PSC and first-degree relative with CRC. All tests were

2
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UC no CRC CRC after UC  CRC prior to UC
(n=505) diagnosis (n=8) diagnosis (n=4)

Total
(n=517)

Age at UC diagnosis (years) 37 (4 to 88) 40 (25 to 62) 79 (74 to 82)

Time from UC diagnosis to CRC (years) 22 (1 to 23) -6.5(-18t0 -2)

Rectum 3 1

Right colon 4

Proctitis 169 (33%)

Extensive 163 6 1 170 (33%)
First-degree relative with CRC (missing n=70) 37 1 0 38 (7.6%)
CRC, colorectal cancer; UC, ulcerative colitis.

two-sided and p values <0.05were considered statistically ~ DISCUSSION

RESULTS

Incidence of CRC at a 20-year follow-up

A total of 517 patients with UC were included in the study.
The median time of follow-up in years was 20.4 (95% CIL:
0.1 to 24.2) and IQR was 2.53.

The cumulative incidence of developing CRC was 1.6%
(8/517) at a 20-year follow-up from the diagnosis of UC.
The total lifetime risk of developing CRC either before
or after the UC diagnosis was 2.3% (12/517) (figure 1).

CRC was diagnosed >1year after the UC diagnosis in a
total of 8 of 517 patients (5/8 men), and the median age
at CRC diagnosis was 56 (range: 39-88).

CRC was diagnosed prior to UC diagnosis in a total of
4 of 517 patients, all men with the median age at CRC
diagnosis being 69years (range: 64-79). These patients
were not included in the risk analysis.

The clinical characteristics of all patients with UC are
summarised in table 1.

Variables associated with risk of CRC

nosed aged below 40years, HR 15.68 (95% CI: 1.31 to
187.92).

Neither sex, extent of colitis at any time nor concomi-
tant PSC was associated with the risk of CRC.

Details concerning the selected risk factors and clinical
characteristics of patients with CRC are summarised in
tables 2 and 8.

In the present inception cohort study prospectively
following 517 patients with UC, the overall cumula-
tive incidence of developing CRC was 1.6% at a 20-year
follow-up from the diagnosis of UC. The total lifetime risk
of developing CRC either before or after the UC diagnosis
was 2.8%. The present study is the first to prospectively
follow an unselected cohort of patients with UC for 20
years and thus provide realworld data about the magni-
tude of CRC in UC. The overall incidence of CRC in UC
is, to our knowledge, the lowest reported so far reflecting
the population-based nature of the cohort. The St Mark’s
surveillance tertiary centre cohort study found a cumu-
lative incidence of 2.9% and 10% in patients with exten-
sive UC at 20-year and 40-year follow-up, respecﬁvely."
However, a cumulative incidence of 1% at 10 years, 3%
at 20 years and 7% at 30 years for CRC-UC was reported
in a cohort of 504 patients with UC with varying extent of
colitis included from both tertiary and community-based
healthcare centres.”

Interestingly, the overall risk of CRC in the present
UC cohort was found to be slightly lower than the risk
of sporadic CRC in Norway.23 The cumulative risk of
CRC before the age of 75 years is reported to be 2.8%
for women and 8.1% for men, ranking Norway as the
country with fourth-highest rate in the world.®

The decrease in risk of CRC for patients with UC has
been attributed to improved control of colonic inflamma-
ton by medication, appropriate follow-up with regular
colonoscopies and technical advances with improved
detection of early neoplastic lesions. At the time of the
initiation of the present study, standard treatment strate-
gies for UC were 5-ASA as maintenance therapy and pred-
nisolone in cases of disease flares. However, treatment
for steroid-refractory severe colitis was colectomy in this
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implemented in Denmark at the time of the observation
period (1979-2008) implying that the decline could not
be attributed to superior surveillance procedures.’

Total Although the association between pseudopolyps and
n=8 HR 95% Cl CRC remains debated, patients with a history of pseudo-
polyps underwent surveillance colonoscopy according to
guidelines at the time of the study.®

Shiainane = ? Patients who had undergone colectomy were not
— included in the risk analysis. Colectomy was performed
§1-70 1 1.97 0.06 to 6.21 054 due to severe and extensive inflammation unresponsive
570888 51 78200 o avaiable medical reatment. Alo, patents in whom
Female (reference) 3 1 0.39t06.98 048 high-grade dysplasia or multifocal neoplastic lesions were
Male 5 167 detected underwent colectomy. As previously described,
ety e e o nger paters are les prone
against CRC.™ Although younger patients are less prone
Prootitis and left 2 1 0.80t0 15.84  0.07 to accept stoma than older patients, colectomy could be

sided (reference) 3
expected to be more frequent in younger persons due to

Extensive 6 3.78

more extensive and aggressive inflammation. In contrast,
operators may be less willing to perform colectomy in
older patients due to an increased risk of intraoperative
and postoperative complications. However, the power of

‘pre-biologic’ era.2 Patients without PSC, history of CRC the study did not allow for the evaluation of competing
in firstdegree relative or pseudopolyps did not undergo  isk so that the true risk of CRC may be underestimated.
surveillance colonoscopy as surveillance is not systemati- All patients included in the study were referred to colo-
callyimplemented in Norwayand was thus notincludedin =~ NOSCOpy when indicated at .schedu'led clinical follow-up but
the protocol. All patients included in the study attended did not undergo a systematic surveillance scheme. Colonos-
regular clinical follow-up including colonoscopy when  copies were performed at local and referral hospitals and
indicated and optimisation of antiinflammatory therapy. ~ therefore recorded in records of several hospitals. Also,
Thus, the low observed risk of CRC in the present study ~ the Norwegian Cancer Registry does not include dysplasia.
appears more likely to be attributed to participation in ~ Thus, despite a rigorous approach, data regarding dysplasia
the present study with adequate control of inflamma-  are incomplete.

tion than improved surveillance techniques. Similarly, Based on the assumption that inflammation in UC is
a nationwide population study following 82 911 Danish ~ a prerequisite for the development of CRC, patients in
patients with UC for 30years found that the overall risk ~ whom CRC was diagnosed prior to UC were not included
of CRC in UC was decreasing and comparable with  in the risk analyses. These cases may due to previously undi-
the general population. Surveillance was not routinely  agnosed UC or due to differential diagnostic challenges by

Time between  Age atUC Ageat CRC Maximum First-degree
UC diagnosis diagnosis  diagnosis CRC historical extent relative with
Sex and CRC (years) (years) (years) location of colitis CRC PSC

M 12 61 74 Cecum Extensive

5

No

F 15 57 72 Cecum Extensive

5

No

M 18 26 44 Transverse colon Extensive

5

No

M 23 65 88 Rectum Extensive

g

No

M -9 76 67 Unknown Left sided

g

No

M -2 81 79 Rectum Extensive
CRC, coloractal cancer; PSC, primary sclerosing cholangitis; UC, ulcerative colitis .

g

No

=

Klepp P, et al. BMJ Open Gastro 2020;7:¢000361. doi:10.1136/bmjgast-2019-000361



70

which the diagnosis of UC was delayed due to the presence
of CRC.

Previous studies have similarly excluded CRC diag-
nosed within 1year of IBD.

In the present study, the observed median age of CRC in
patients with CRC diagnosed after UC (56 years (39-88))
was in line with previous reports for CRCUC."¥ However,
the median age of the four patients in whom CRC was
diagnosed prior to UC was comparable with the reported
median age for sporadic CRC (73 years) 2 These cases of
CRC may in fact be a complication of undiagnosed UC.
Accordingly, UCCRC has been reported to occur around
17 years earlier than the median age (73 years) for sporadic
CRC in the non-IBD population of Norway.**

We further observed that patients older than 70 years at
diagnosis had a 15-fold higher risk of CRC compared with
those diagnosed when younger than 40 years. However,
the CI is wide so that these results must be considered
with caution. Increasing age is in itself a risk factor for
dysplasia and CRC, thus old age in itself rather than either
longstanding IBD or elderly onset UC. may have contrib-
uted to CRC in the patients in the present study. Although,
little data are available for IBD diagnosed in the elderly,
advancing age itself has not been found to increase the risk
of IBD-CRC.2® Nevertheless, a study from 2009 suggested
that the interval between colitis and CRC decreases with
age and that higher age at onset of IBD may be related
to a more aggressive CRC suggesting the need for earlier
surveillance in elderly patients with IBD.* The incidence
of CRCin elderly patients with IBD is however low although
these patients have been found to have a greater need for
hospitalisation related to surveillance colonoscopy. One
might consider individualised surveillance strategies in
elderly patients.

The median duration of UC until the development of
CRC was 22 (1-28) years, which is longer than previously
described® A majority of the CRC cases in the present
study occurred later than 8-10 years after diagnosis of the
recommended surveillance colonoscopy thus supporting
current pracu'ce.sz >

In the present cohort, males with UC were found to have
a twofold increased risk of CRC when compared with the
background population of Norway.* In the present study,
men did not appear to have a differentrisk of CRC 20 years
after the diagnosis of UC compared with women with UC
of the same duration.

Actotal of 15 UC patients with UC had PSC of whom 80%
had extensive colitis.s‘.—\lthough relatively few cases of CRC.
were observed, the high proportion of extensive colitis,
both without and in combination with PSC, supported the
previously reported increased risk of CRC. A case—control
study of two large IBD cohorts has shown that the risk of
colorectal neoplasm increased 6.9-fold with a concomitant
diagnosis of PSC**

In contrast to other studies, in our cohort, extensive
colitis was not confirmed as a risk factor for UC-CRC.*®
This could be due to a typell error in this reallife
cohort, but also to other factors such as high standard of

follow-up and good compliance with anti-inflammatory
medication.

A rewrospective cohort study from 2012 included 700
patients with UC with extensive colitis in whom a total
of six out of nine of the detected CRCs were located in
the rectum. Moreover, 71.2% of advanced neoplasia was
detected in rectum or sigmoid colon? In the presentstudy,
four out of the eight CRC cases detected after the diagnosis
of UC were located in the rectum/distal colon. The limited
number of patients with CRC, however, did not allow us to
estimate the effect of location on the risk of CRC.

The use of the Norwegian National Cancer Registry to
accurately detect CRC cases, and the prospective and longi-
tudinal follow-up of a population-based inception cohort,
are major strengths of the present study. Although the
number of patiems included was high, the occurrence of
CRC was low, limiting the statistical power of analysis of risk
factors for UC-CRC. Risk factors were therefore evaluated
one by one in univariate analyses as the limited number of
CRC cases did not allow any multiple regression modelling.

In conclusion, in this population-based inception cohort
study, the risk of CRC after 20 years of UC was low and
comparable with the risk of CRC in the background popu-
lation of Norway. The patients in the present study did not
undergo systematic colonoscopic surveillance but close
clinical follow-up ensuring adequate anti-inflammatory
therapy. Fortunately, the number of observed CRC cases
was low. Thus, although CRC remains a significant concern
in patients with UC, the presentstudy supports the reported
decrease of CRC in UC. The power of the study did not
allow us to conclusively evaluate the association between
CRC and previously established risk factors. However, we
anticipate the number of CRC cases to increase with an
even longer follow-up, thus allowing for a more precise
estimation of the possible risk factors.
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Abstract

AIM

To evaluate the use of chromoendoscopy for surveillance
of ulcerative colitis in a real-life community hospital
setting.

METHODS

Patients with extensive ulcerative colitis, having disease
duration of more than 8 years and who presented
between the years of 1999 to 2013, were offered
enrolment in this single cohort prospective study. All
participants underwent standard bowel preparation
with sodium phosphate and chromoendoscopy. Two
expert endoscopists, novice to chromoendoscopy,
evaluated each segment of the colon with standard-
definition colonoscopes after spray application of 0.4%
indigo carmine. All observed lesions were recorded and
evaluated before being removed and/or biopsied. In
addition, nontargeted biopsies were taken from each
segment of the colon. The dysplasia detection rate and
dysplasia detection yield were ascertained.

RESULTS

A total of 21 neoplastic lesions (2 carcinomas, 4 of
high-grade dysplasia and 15 of low-grade dysplasia)
and 27 nondysplastic lesions were detected in 16 of the
total 67 patients (70% male; median disease duration:
17 years; median age at diagnosis: 25 years; 92%
aminosalicylate-treated). The dysplasia detection rate
was 10.5% (7/67 patients). The dysplasia detection
yield was 20.8% (10/48) for targeted biopsies and 3.5%
(11/318) for nontargeted biopsies. The sensitivity and
spedificity for the macroscopic evaluation of neoplasia
using chromoendoscopy were 48% [95% confidence
interval (CI): 26%-70%] and 96% (95%CI: 93%-98%),
respectively. The positive predictive and negative
predictive values were 42% (95%CI: 27%-59%) and
97% (95%CI: 95%-98%), respectively. A total of
19/21 dysplastic lesions were detected in mucosa with
histologic inflammation.

CONCLUSION

Chromoendoscopy seems to be of value for dysplasia
surveillance of ulcerative colitis in a community hospital
setting. The yield of non-targeted biopsies is negligible.

Key words: Colorectal cancer; Dysplasia; Ulcerative
colitis; Surveillance; Chi opy

Dviklichi
9 9

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

Core tip: Patients with longstanding and extensive
ulcerative colitis are at increased risk of developing
colonic neoplasia and are advised to undergo regular
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colonoscopic surveillance. Current clinical guidelines
favour chromoendoscopy with targeted biopsies, as it
detects dysplasia more accurately and thus requires
fewer biopsies than white-light endoscopy. However,
these recommendations are based on studies performed
in advanced endoscopic units and chromoendoscopy is
not routinely applied in everyday dinical practice. This
prospective cohort study suggests that, although novice
to chromoendoscopy, endoscopists can accurately
evaluate the absence of neoplasia. The yield of
nontargeted biopsies was also found to be negligible.

Klepp P, Tollisen A, Roseth A, Cvancarova Smastuen M,
Andersen SN, Vatn M, Moum BA, Brackmann S. Real-life
chromoendoscopy for dysplasia surveillance m ulcerative colitis.
World J Gastroenterol 2018; 24(35): 40694076 Available from:
URL: http-/fwww.wjgnet.com/1007-9327/full +24/135/4069 htm
DOI: hitp://dx dot.org/10.3748/w)z.v24.135.4069

INTRODUCTION

Patients with extensive and long-standing ulcerative
colitis (UC) carry an increased risk of developing
colonic neoplastic lesions'). Carcinoma in UC is thought
to develop through a stepwise progression from
inflammation to low-grade dysplasia and finally to
cardnoma®. Patients are therefore advised to undergo
periodic colonoscopic surveillance, so as to detect
neoplasia at an early stage®. Visualization of dysplastic
lesions in UC represents a challenge as they may be
flat or obscured by inflammatory changes and/or
pseudopolyps'. Dysplasia surveillance using white-light
endoscopy relies on random 4-quadrant biopsies taken
every 10 am, being a laborious and costly method™.
Under-sampling is common with that technique and
even if the recommended 30-40 biopsies are harvested,
only a fraction of the entire mucosal surface of the colon
is examined'®,

Chromoendoscopy (CE), on the other hand, uses
a topical dye, which highlights mucosal abnormalities
and allows for more precise biopsies”. Targeted
biopsies are considered superior to random biopsies
of apparently unaffected mucosa, as the latter are of
little additional value since they have poor diagnostic
yield®, Thus, recommendations for surveillance using
CE are based on the assumption that CE requires fewer
biopsies and is more cost effective than standard white-
light endoscopy™®**!). European clinical guidelines
recommend CE with targeted biopsies as the favoured
technique for dysplasia surveillance!®. It is important
to note that these guidelines are based on studies
that were performed in endoscopic units with highly
advanced expertise. However, in many countries, such
as Norway, CE is not routinely applied for surveillance
of UC patients. A retrospective multicentre study
conducted over a 14-year period of CE implementation
also did not show significant increase in the detection of
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Table 1 Patient demographics and dinical features

{
g

Study patients 67
Age (1) 40 (27-73)
Diseaze duration (yz) 17 (851)
Age at diagnosis (yx) 25 (12-59)
Colitis activity index score’ 0(0-8)
Primary sclerozing cholangitiz 3(5), missing n=2
Colorectal cancer in first degree relative 3(5), missingn=5
Previous dyzplasia in colon 3(5), mizsing v =3
Treatment
Aminozalicylate! 58 (92), mizzingn =3
Steroids’ 12 (18), missing = 4
Acathioprine' 4(6)
Antitumour necrosis factor! 4(6), miszing =1

'At time of surveillance colonoscopy and/or during past two years;
*Simple clinical colitiz activity index. Data are prezented as n (%) or

dysplastic lesions'?,

The aim of this study was to assess the macroscopic
and histologic evaluation of CE when implemented in
real-life surveillance of patients with long-standing UC in
a community hospital in Norway.

MATERIALS AND METHODS

Ethical considerations

The study protocol was designed according to the
combined knowledge and expertise of Assistant
Professor Stephan Brackmann (Akershus University
Hospital), Professor Bjern A Moum (Oslo University
Hospital) and Professor Morten Vatn (University of
Oslo). The study protocol was approved by the Regional
Committee for Medical and Health Research Ethics
(Project NO. 2010/1093). Written informed consent was
collected from all subjects prior to study indlusion.

Recruitment of participants

Patients registered in the database of Lovisenberg
Hospital from 1999-2013 were invited to participate
in the present study if they had (1) extensive UC,
documented by endoscopy at any time during the
course of disease, and (2) disease duration of 8 years
or more. Exclusion criteria included colectomy at any
time during follow-up and poor bowel preparation (Figure
1). Demographic and dinical data were extracted from
digital medical joumnals and by interview of the patients
(Table 1).

CE

Patients underwent standard bowel preparation with
sodium phosphate. CE was performed with standard
definition endoscope (CF190 colonoscope; Olympus,
Tokyo, Japan) and only carried out when the quality
of bowel preparation was adequate (n = 67/68). The
colonoscope was advanced to the cecum and during
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the extubation each segment (cecum, ascending colon,
transverse colon, descending sigmoid and rectum)
was scrutinised for lesions after the spray catheter
application of 0.3% indigo-carmine. Extensive colitis
was defined as endoscopic inflammation proximal to
the splenic flexure. Endoscopic degree of inflammation
was dassified according to the Mayo endoscopic score
for uCt3),

Biopsies

The location and size of all lesions identified after
spray catheter application of 0.3% indigo-carmine
dye were reported. Also the appearance of the lesions
was classified according to terminology adapted from
the Scenic Consensus™ as either nonpolypoid flat or
elevated or polypoid pedunculated or nonpedunculated
before the lesions were biopsied or removed.

In addition, after spray catheter application of 0.3%
indigo-carmine dye, a minimum of one nontargeted
biopsy was taken from each of the six segments (cecum,
ascending, transverse and descending colon, sigmoid
and rectum) to determine the extent of disease and
grade of inflammation.

Independent and blind analyses of the formalin-
fixed paraffin-embedded biopsies were performed by
two expert gastropathologists. The histologic degree of
inflammation was graded based on the histological
activity index™%), Mucosal biopsies were classified as
either negative for neoplasia, indefinite for dysplasia,
or positive for low-grade dysplasia (LGD), high-grade
dysplasia (HGD) or adenocarcinoma'®). Neoplasia was
considered proximal or distal according to its anatomic
location to the splenic flexure. The dysplasia detection
yield was defined as the proportion of bioptic sites/
lesions containing dysplasia or invasive colorectal cancer
(CRC) in relation to the total number of bioptic sites/
lesions. The dysplasia detection rate was defined as the
proportion of patients who had at least one dysplastic
lesion or invasive CRC in relation to the total number of
screened patients.

Statistical analysis

The statistical methods of this study were reviewed
by Milada Cvancarova Smastuen (Institute of Clinical
Medicine, University of Oslo, PO Box 1122 Blinderen,
0317 Oslo, Norway). All statistical analyses were
carmied out with the SPSS software, version 24 (IBM
Corp, Armonk, NY, United States). Patient demographic
characteristics were summarized as median (interquartile
range) for continuous vanables and as percentage of
subgroup totals for categorical variables. Sensitivity
and specificity were estimated with corresponding 95%
confidence intervals (Cls) that were calculated using the
exact binomial distribution.

RESULTS
CE was performed in 67 patients with extensive UC. A
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Table 2 Histologic diagnosis of the seven neoplastic lesions detected among the 67 total patients with long-standing and extensive

ulcerative colitis
Sex Age (yr) LGD HGD Adenocarcinoma Total
] ) Targeted biopsy Nontargeted biopsy Targeted biopsy Targeted biopsy -
Male 3¢ 1 7 4 1 13
Male 67 1 1
Male ) 1 1 2
Male 33 1 1
Female 36 1 1
Male 44 1 1
Female 52 2 2
Total 4 n 4 2 2
'Adenocarcinoma stage TINIMO in patient with primary =l holangitiz; *Ad stage TZNOMD. No neoplasia was found in biopsies
despite high of mali at endozcopy. Ads wasz suk 1y verified in the resected surgical specimen. LGD: Low~grade
Baensive was 1 (range: 0-6). The distribution and findings from
Ulcerative colitis endoscopic and histologic evaluations of the lesions are
n =156 described in detail in Figure 2 and Tables 2 and 3. Ten of
| Excluded, 1 = 81 the visualised lesions harboured neoplasia, resulting in a
Colectomy due to: dysplasia detection yield of 20.8% for targeted biopsies.
Refractory colitis, n = 32 Among the 318 nontargeted biopsies, 11 harboured
Colorectal cancer; 7 =5 LGD, resulting in a dysplasia detection yield of 3.5% for
» Qz?‘m" =1 nontargeted biopsies.
Metastasized colorectal cancer, n = 1
Dead/unavailable, 7 = 8 Macroscopic evaluation
Extensive colitis < 8y, 7 = 34 Correct dlassification by the endoscopists was achieved
v for 307 of the 345 nondysplastic sites/lesions and 10
Eligible for study of the 21 dysplastic sites/lesions. On the other hand,
n=75 11 of the 21 dysplastic lesions were assessed as
nondysplasia, whereas 38 of the 345 nondysplastic sites
Inadequate bowel /lesions were assessed as dysplasia. As a result, the
et sensitivity and specificity for the macroscopic evaluation
" mb,,:;,ow FEEEh of neoplasia using CE were 48% (95%CI: 26%-70%)
Lost to follow-up, 7 = 3 and 96% (95%CI: 93%-98%), respectively. The
v positive predictive value was 42% (95%CI: 27%-59%)
Included and the negative predictive value (NPV) was 97%
n=67

Figure 1 Flowchart of patient inclusion for this study.

total of 21 neoplastic lesions were detected in 7 of the
67 patients, including 10 (comprised of 2 CRC, 4 HGD
and 4 LGD) identified by targeted biopsies and 11 (all
LGD) by nontargeted biopsies.

Dysplasia detection rate

Neoplasia was detected in 7 of the total 67 patients,
giving a dysplasia detection rate of 10.5%. In 4,
neoplasia was detected from both targeted and non-
targeted biopsies. In 2, dysplasia was detected by
nontargeted biopsies alone. In 1, adenocarcinoma was
diagnosed after partial colonic resection.

Dysplasia detection yield
A total of 48 lesions were visualised in 16 of the total
67 patients. The median number of lesions per patient
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(95%CI: 95%-98%).

Follow-up of patients with colonic

In 2 of the 7 patients with LGD, the dysplasia was
detected solely by nontargeted biopsies taken during
a CE described as macroscopically normal. Follow-up
with colonoscopy neither confirmed nor revealed any
further dysplasia for either patient. In another 2 of the
7 patients, the LGD was detected solely by targeted
biopsies. In yet another 2 of the 7 patients, nontargeted
biopsies confirmed a field effect by detecting LGD
when dysplastic lesions were identified elsewhere in
the colorectum by targeted biopsies; during intensified
follow-up colonoscopy, no further dysplasia was
detected after 2.5 years follow-up (range: 2-5 years) in
these patients.

In 1 of the 7 patients with neoplasia, nontargeted
biopsies showed multifocal fields of LGD synchronous
with targeted biopsies that showed multifocal lesions
with HGD and adenocarcinoma. The patient had
primary sclerosing cholangitis and proctocolectomy
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Table 3 Morphology and histology findings for the 16
bioptic sites of the 67 total patients with long-standing and
extensive ulcerative colitis

No neoplasia 2
LGD 2
HGD 1}
Superficial elevated No neoplasia 10
HGD 1
Adenocarcinoma 1
Polypoid
Pedunculated No neoplasia 1
LGD 1
LGD 1
Sezzile with central ulceration HGD vl
Sezzile Adenocarcinoma 1
IND 1
Nontargeted biopzy
LGD 11
Total 366
'C itant primary sclerozing cholangitiz. HGD: High-grade dysplasia;

was performed. Finally, adenocarcinoma was detected
after partial resection of the colon in 1 of the 7 patients
for who endoscopy had raised suspicion of malignancy,
whereas targeted biopsies of this area were normal on
two consecutive colonoscopies. After surgery, no further
neoplasia was detected during 3 years of intensified
follow-up colonoscopies.

Mucosal inflammation

No signs of histologic inflammation were recorded in
93 of the 366 bioptic sites. A total of 237 had Mayo
grade 0-1 and 39 had Mayo grade 2-3. The presence of
neoplasia in relation to histologic inflammatory changes
is described in detail in Table 4.

Schedule of surveillance colonoscopy

The median time from the prior "prestudy” surveillance
colonoscopy (n = 61/67) until the next scheduled
colonoscopy was 24 mo (range: 0-96 mo). The median
time from the prior “prestudy” surveillance colonoscopy
(n = 66/67) until the study CE was 26 mo (range: 1-105
mo).

DISCUSSION

This prospective cohort study performed in a com-
munity hospital suggests that, although novice to CE,
endoscopists were able to accurately evaluate the
absence of neoplasia during real-life surveillance of
patients with UC. Neoplasia was detected by targeted
biopsies in 5 of the 67 total patients, of whom 2 had
a field effect confirmed by nontargeted biopsies. Two
additional patients were diagnosed with LGD in the colon
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by nontargeted biopsies alone. The neoplasia detection
rate for the 7 of the 67 total patients in the present
study is similar to that found in studies performed in
tertiary refenal centres (11.2%). It is important to note,
however, that the present study was conducted in a
community hospital in which patients may present with a
less aggressive UC than seen in advanced units.

The neoplasia detection yield of the present study
was 20.8%, which is lower than the average rate
of 14% found by Mooiweer et af*? in several prior
randomized trials. The endoscopists in our study were
able to accurately rule-out neoplasia (NPV = 97%);
thus, when the endoscopists evaluated the lesion as
benign, the probability of dysplasia was minimal (3%).
These results are in line with a recent prospective
multicentre cohort study in which both CE novice
endoscopists and CE expert endoscopists evaluated
lesions, and had a high NPVi*?), That same study found
a sensitivity of 70% for CE, which is lower than the
pooled sensitivity of 91% reported from a recent meta-
analysis"™*¥, In the present study, the sensitivity for
the detection of LGD by CE was modest, which could be
related to the endoscopists’ lack of prior CE experience.

Alternatively, these results support the presence
of “invisible” dysplasia. In our cohort, "invisible”
dysplasia was rare in the absence of dysplastic lesions
elsewhere in the colon, similar to findings reported by
Matsumoto et a*** and underlining the concept of field
cancerization in UC®'¥, The results must, however,
be evaluated with caution due to the size of the study
sample and the low observed rate of cases.

The clinical importance of dysplasia detected
through random biopsies is debatable. In the present
study, the dysplasia detection yield was 3.5% for
nontargeted biopsies compared to a 20.8% for targeted
biopsies. The nontargeted biopsies were primarily taken
not to detect neoplasia but to evaluate the grade of
mucosal inflammation. In line with previous studies,
the low dysplasia yield of nontargeted biopsies leads to
questions about their dlinical value™**#, also, the
follow-up of the patients in which LGD was detected
by nontargeted biopsy alone did not reveal any further
dysplasia. However, a recent study has suggested
that despite a low bioptic neoplasia yield, nontargeted
biopsies are advisable in patients with inflammatory
bowel disease and related high risk of CRC?Y,

Clinical guidelines recommend the first surveillance
colonoscopy to be performed between 8-10 years after
the diagnosis of UC, with ensuing colonoscopies based
on individual risk. In our cohort, the median time untl
the next scheduled colonoscopy was 24 mo, which is in
accordance with guidelines®,

The visualisation of small lesions harbouring
dysplasia may have been hampered by inflammation
surrounding multifocal lesions. However, the minimal
level of inflammatory changes in those patients in who
dysplasia was diagnosed by nontargeted biopsies only
did not likely impede the detection.
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Table 4 Histologic grade of inflammation in the biopsies taken from all 67 patients

Grade of inflammation

~ Mayo ' Mayo 1 Mayo 2 Mayo3 Nosigns of previows ~ Total

| - ) i inflamnation IR |
No dysplasia/IND 133 35 3 E5) 345
LGD 3 12 0 0 0 15
HGD o 2 2 o 0 4
CRC [ 1 1 0 /] 2
Total 136 L) 36 3 a 366

Figure 2 Distribution and findings of endoacopic and histologic svaluation of the 21 total neoplastic lesiona found in this study. *Lesions detected in

patient with know primary sderosing cholangits.

In the present study, current or previous inflam-
matory changes were found to be present around all
dysplastic lesions, induding for nontargeted biopsies
harbouring lesions with LGD. These results support
the findings of Watanabe et af*, who suggested that
random biopsies may be omitted in the absence of
previous or current inflammation.

We recognize that the present study has several imita-
tions. The adenoma detection rate of the endoscopists is
not currently implemented in Norway and therefore not
available for the endoscopists in the present study. Both
endoscopists had however substantial experience in non-
CE endoscopy. The present study reflects the everyday
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clinical world in this location. Each CE was performed
with standard and not high-definition endoscopes,
which may have affected the detection of lesions. The
prospective cohort design of the study minimizes patient
selection bias; however, the sample size is moderate,
although considerable effort was spent on the inclusion
of patients. Patients may have been reluctant to undergo
colonoscopy. Low compliance rates for surveillance
endoscopy have previously been desaribed, although the
reasons remain unclear®. Additionally, aithough all the
patients in the sample carry an inareased risk of colonic
neoplasia, the low observed rate of neoplasia resulted in
wide ClIs around sensitivity estimates for the detection of
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dysplastic lesions.

Despite the limitations outlined above, the results
of the present study are thought to reflect the real-life
scenario of dysplasia surveillance in UC in a community-
based hospital in Norway, which could represent the
typical setting in similar hospitals in Europe where CE is
not routinely applied.

In conclusion, the present study suggests that,
although lacking in previous CE expertise, the endo-
scopists were able to accurately evaluate the absence of
neoplasia. The yield of nontargeted biopsies with LGD
was negligible, and LGD appears to be present in mucosa
with signs of histologic inflammation. Finally, dysplasia
in endoscopically unsuspicious appearing mucosa seems
to occur mostly when visible neoplasia is diagnosed
elsewhere in the colon. Although further larger studies
are needed, CE seems to be of value for surveillance of
neoplasia in UC in a community hospital setting.

ARTICLE HIGHLIGHTS

Research background

Patients with longstanding and exi coliis carry an increased
risk of developing colonic neoplasia and are advised to undergo regular
Research motivation

The curent dirical gui favour ch J y with targeted kiop
for dysplasi of ul colitis. These recommendations,
hmaebasedmsmies formed in adh d endoscopic units and

ok y is not routinely applied in everyday dlinical practice.

Research objectives

Our aim was fo evaluate chromoendoscopy for realifie dysplasia surveilance
for cases of long-standing uicerative colibis in a community hospial.

Research methods

Patients with extensive ulcerative colitis, with disease duration of more

lhan Byears were prospectively included in this single cohort study. The
were peri ‘wmwmmbh

method. Lesaonsm d andior bi

wmmamwmmwdmm

Research results

A total of 21 neoplastic lesions (consisting of 2 carcinomas, 4 high-grade
dysplasias and 15 low-grade dysplasias) and 27 nondysplastic lesions were
detedednﬁoﬂheGThupahe\tsMedmlheszhedysplasa
detection rate was 10.5% (for 7 of the 67 patients). The dyspl
yield was 20.8% (10/48) for targeted biopsies and 3.5% (11/318) for
nontargeded biopsies. The endoscopists ted the ab of
neoplasa(speuidyof%wﬂh%%wnﬁdu\oemewalofsm anda
negative prediciive value of 97%, with 5% confidence interval of 95%-98%).

Research conclusions

Although novice to chromoendoscopy, the endoscopists in this Norwegian
community hospital accurately evaluated the ab of lasia. In addition,
the yield of nontargeted biopsies was negligible.

Research perspectives

Chromoendoscopy appears to be of value for dysplasia survellance for cases
of long-standing ulcerative colitis who are treated in a community hospital
setting in which endoscopists are novice to the technique.
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