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Advanced neoplasia detection using chromoendoscopy
and white light colonoscopy for surveillance in patients
with inflammatory bowel disease
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Background/Aims: Chromoendoscopy (CE) has been shown to be superior to white light endoscopy (WLE) for neoplasia
detection in inflammatory bowel disease (IBD). We aimed to compare the yield of CE and WLE for the detection of overall neo-
plasia and advanced neoplasia in IBD. Methods: Patients who underwent surveillance colonoscopy from 1999 to 2017 were
identified from our IBD database. CE procedures were compared with their respective WLE controls in a paired comparison,
and frequency of all neoplasia, advanced neoplasia, and serrated neoplasia was assessed for both targeted and random biop-
sies. Results: A total of 290 procedures performed in 98 individuals were identified with a median follow-up 4 years (median 3
colonoscopies/patient). CE and WLE were performed in 159 and 131 episodes, respectively. CE detected neoplasia in 40.9% of
colonoscopies versus 23.7% with WLE (P=0.002). In addition, CE detected more advanced neoplasia (18.2% vs. 6.1%, P=0.002)
and serrated lesions (14.5% vs. 6.1%, P=0.022). Significantly fewer samples were obtained per procedure with CE (14.9+£9.7 vs.
20.9+11.1, P<0.001). Cancer was diagnosed in 2 cases. Conclusions: CE has a higher detection rate than WLE for advanced
neoplasia and serrated lesions in patients with IBD under surveillance. Further prospective studies evaluating the impact of CE
on decreasing the risk of interval cancer and colectomy in IBD patients are warranted. (Intest Res 2020;18:438-446)
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INTRODUCTION cancer, dysplasia is considered to be the precursor of most IBD-
related CRC.” Based on this evidence, most guidelines recom-

Inflammatory bowel diseases (IBD) including ulcerative coli- mend surveillance colonoscopy for the detection and treat-

tis (UC) or Crohn’s disease (CD) are chronic relapsing immune-
mediated conditions of the gastrointestinal tract requiring life-
long treatment.' It is well known that long standing colitis can
increase the risk of colon cancer, along with other risk factors
such as histologically severe inflammation, disease extent,
family history of colorectal cancer (CRC), and coexistent pri-
mary sclerosing cholangitis (PSC).** As with sporadic colon
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ment of dysplastic lesions with the goal of decreasing the mor-
bidity and mortality from CRC.””

Although most dysplasia in IBD is associated with endo-
scopically visible mucosal lesions, neoplastic lesions are often
difficult to detect due to the flat morphology and surrounding

' In an attempt to circumvent this is-

chronic inflammation.
sue, previous guidelines recommended obtaining random bi-
opsies throughout the colon in order to increase the detection
of “invisible dysplasia.’ The yield of random biopsies is extreme-
ly low, the cost associated with the large number of tissue sam-
ples is high, and this strategy has not been shown to decrease

the incidence of colon cancer.” Dye chromoendoscopy (CE),
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by using indigo carmine or methylene blue, is a promising tech-
nique used to increase the detection of neoplastic mucosal le-
sion by identifying subtle changes in the surface epithelium or
pit pattern. Several randomized clinical trials and case control
studies have shown that CE can detect significantly more neo-
plasia compared with white light endoscopy (WLE) with or

without random biopsies." "

In addition, a recent study showed
that CE is more cost-effective than WLE for UC surveillance,
regardless of the surveillance interval." Based on these results,
major society guidelines recommend using CE with targeted
biopsies as the modality of choice for surveillance in IBD pa-
tients.”” There are, however, several limitations to CE such as a
long procedure time, additional cost for the dye and equip-
ment, and the lack of systematic endoscopic training." Given
the lack of long-term outcomes with CE, several studies have
raised doubts about the significance of the additional dyspla-
sia detected by CE as most of these lesions may have low risk
of progression to advanced neoplasia or cancer. In addition,
recent studies have questioned the superiority of CE over
high-definition WLE in detection neoplasia in patients with
chronic colitis.”

Compared with sporadic colon cancer, the transition from
inflamed epithelium to low-grade dysplasia (LGD), high-grade
dysplasia (HGD) and eventually invasive carcinoma may oc-
cur faster in patients with IBD. Thus, detecting advanced neo-
plastic lesions during surveillance in these patients may be a
more relevant endpoint for decreasing the risk of CRC. Serrat-
ed lesions (sessile serrated polyps/adenoma and traditional
serrated adenomas) have also been associated with an incre-
ased risk of metachronous multifocal dysplasia in patients
with IBD thus being indirectly implicated in the pathogenesis
of colitis associated CRC.*** Whether CE has an increased
detection ability for serrated lesions compared with WLE is
unknown.

In this study, we aimed to compare the yield of CE and WLE
for the detection of all neoplasia, advanced neoplasia, and ser-
rated lesions and assess the utility of random versus targeted
biopsies for the surveillance of neoplasia in patients with IBD.

METHODS

1. Patients

From January 1999 to August 2017, patients with IBD, includ-
ing both UC/CD and IBD undifferentiated (IBDU), who un-
derwent surveillance colonoscopy based on existing guide-
lines (i.e., extensive colitis >8-year duration, left-sided colitis
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>15-year duration, previous history of dysplasia or coexistent
PSC) at the Virginia Mason Medical Center were retrospec-
tively identified using the institution-based IBD database re-
pository. In order to be eligible, patients had to have at least 1
surveillance colonoscopy using a high-definition colonoscope,
have more than proctitis or over 30% colon involvement for
CD. Patients with prior total or hemi colectomy and a history
of CRC were excluded. Patients with CD who underwent ileo-
cecectomy were included in the analysis. The diagnosis of UC
and CD was based on clinical and endoscopic criteria includ-

ed in the most recent guidelines.”"”

The index colonoscopy
was defined as the 1st surveillance colonoscopy performed at
this institution and procedures may have been performed us-
ing either WLE or CE at the discretion of the provider. Index
colonoscopies performed at the time of diagnosis were ex-
cluded. Patients’ baseline demographics and disease charac-
teristics, prior history of dysplasia or PSC, type of surveillance
procedure (standard vs. high-definition, white light vs. CE)
and the endoscopic, pathological and surgical diagnoses were
collected using the electronic medical records which encom-
passes medical information dating back to 1996.

After 2008, all colonoscopies at our institution were performed
using high-definition endoscopes (CF-H180AL/I and PCF-
HI180AL/L Olympus, Tokyo, Japan). CE was performed after
2012 using 0.2% indigo carmine in the vast majority of cases,
or 0.1% methylene blue. The dye agent was applied either di-
rectly using the endoscopic flushing pump (OFP-2; Olympus
America, Center Valley, PA, USA) or by spray catheter (Olym-
pus PW-205V; Olympus Europe, Hamburg, Germany) upon
withdrawal of the scope, and both targeted and random biop-
sies were performed at the discretion of the endoscopist. All
CE were performed by a single experienced endoscopist with
more than 10 years of experience with this technique. All WLE
procedures were performed by gastroenterologists with at
least 5 years of experience after completing training. Patients
who underwent both CE and WLE served as their own con-
trols. The withdrawal time was calculated by the time differ-
ence between the last anal and 1st cecal image after terminal
ileal intubation.

The number of visible lesions, targeted and random biop-
sies, and pathological diagnosis were collected from the endo-
scopic mucosal resection (EMR). The lesion morphology was
described based on the SCENIC guidelines in polypoid, non-
polypoid, and invisible.” Advanced neoplastic lesions were de-
fined as larger than 10 mm in diameter, harboring HGD or vil-
lous features. The histopathology was categorized according
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to the Riddle classification in negative, indefinite, LGD or HGD
and invasive carcinoma.” Serrated lesions including sessile
serrated polyps and traditional serrated adenomas were diag-
nosed based on the crypt architecture by pathologists with ex-
tensive experience in gastroenterology. The number of sam-
ples collected during each procedure was estimated by the
summation of the number of tissue samples found in each jar
as described in the pathology report. Samples from discrete
lesions such as polyps or non-polypoid lesions were consid-
ered as one unit whereas random biopsies were counted in-
dependently. The bowel preparation status was assessed by
both Aronchick and Boston Bowel Preparation Scale with
scores such as fair, good, and excellent being considered ac-
ceptable. The study was approved by the Benaroya Research
Institute Institutional Review Board (IRB No. IRB17-110) and
written informed consent by the patients was waived due to a
retrospective nature of our study.

2. Statistical Analysis

The incidence and prevalence of neoplasia were calculated
using standard methodology and averaged based on the length
of follow-up. Per procedure comparisons of the yield for over-
all neoplasia, advanced neoplasia and serrated pathology be-
tween CE and WLE were performed by accounting each pro-
cedure as an individual ‘event or episode” thus allowing com-
parisons both within and between patients. Patients' baseline
demographics and disease characteristics, number of targeted
and random biopsies were also compared between groups
using standard statistical methods.

Continuous variables were expressed as median or mean +
standard deviation and compared using the 2 independent
samples median test for median or Student #-test for mean val-
ue. Categorical variables were compared using Pearson chi-
square analysis or Fisher exact test. Statistical significance was
defined as a P-value of less than 0.05. All statistical analyses
were performed using the Statistical Package for Social Sci-
ences, IBM SPSS version 23.0 (IBM Corp., Armonk, NY, USA).

RESULTS

A total of 106 patients underwent 315 surveillance colonosco-
pies (median 3/patient; range, 1-13) during a median follow-
up period of 4 years (range, 0.5-12.5 years) for a total of 914
patient-years of follow-up. The median surveillance interval
between colonoscopies was 15 months (range, 4-98 months).
Eight patients were excluded based on disease limited to the
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rectum (n=1), CD with exclusive small bowel involvement
(n=3), prior total colectomy (n=2), and prior history of colon
cancer (n=2). A total of 290 surveillance colonoscopies from
98 patients were included in the final analysis, of which 7 pro-
cedures (2.4%) were performed using standard definition
colonoscopes prior to 2008. Twenty-four patients had CD
(24.5%), 68 UC (69.4%), and the other 6 had IBDU. The medi-
an disease duration was 16.5 years (range, 1-60 years) and
median age at diagnosis was 30 years (range, 11-75 years).
Among UC patients, 48 had extensive colitis (E3, 70.6%) and
20 left-sided colitis (E2, 29.4%). Coexistent PSC was present in
11.2% of patients.

Of'the total of 290 procedures (episodes), 159 were performed
using CE (54.8%). Demographic and baseline characteristics
of the entire cohort are shown in Table 1. Family history of
CRC was more prevalent in the WLE group, but active smok-
ing and PSC were more common in the CE group. Follow-up
duration and extent were not significantly different between
the 2 groups. In 52.7% of procedures (150/290), the disease
was in endoscopic remission (61.0% in CE and 40.5% in WLE)

Table 1. Baseline Characteristics of the Patients Included in the
Study

Chromo- White light
Characteristics endoscopy endoscopy P-value
(h=159) (h=131)
Age (yr) 59 (20-81) 57(26-87)  0.900
Male sex 92 (57.9) 64 (48.9) 0.160
Smoking 9(5.7) 5(3.8) 0.044
IBD diagnosis 0.028
uc 110 (69.2) 72 (55.0)
Crohn's colitis 42 (26.4) 54 (41.2)
IBDU 7 (4.4) 5(3.8)
Age at diagnosis (yr) 31(11-75) 27 (13-71)  0.605
Follow-up duration (yr) 16 (1-60) 15 (1-59) 0.945
Disease extent
Extensive UC 75 (47.2) 48 (36.6) 0.940
Left sided UC 35 (22.0) 24 (18.3)
Multisegment CD 35(22.0) 37(28.2) 0.150
Segmental CD 7 (4.4) 17 (13.0)
Family history of CRC 22 (13.8) 32 (24.4) 0.047
PSC diagnosis 16 (10.1) 5(3.8) 0.041

Values are presented as median (range) or number (%).

IBD, inflammatory bowel disease; UC, ulcerative colitis; IBDU, IBD undiffer-
entiated; CD, Crohn's disease; CRC, colorectal cancer; PSC, primary sclero-
sing cholangitis.
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Table 2. Classification of Findings at Chromoendoscopy and
White Light Endoscopy by Morphological and Histological Criteria

Morphology Histology ei?:sr:;:y \/eVnh(;chI:)gpP;lt P-value
Polypoid LGD 37 (40.2) 19 (32.6) 0.040
HGD 3(3.3) 0 0.080
SSL 1 (12.0) 6(14.0) 0.120
IND 1(1.1) 1(2.3) 0.820
Cancer 1(1.1) 0 0.360
Total 53 (57.6)° 26 (60.5)° 0.020
Non-polypoid ~ LGD 21(22.8) 13 (30.2) 0.360
HGD 3(3.3) 1(2.3) 0.400
SSL 14 (15.2) 3(7.0) 0.012
IND 1(1.1) 0 0.360
Total 39 (42.4)° 17 (39.5)° 0.030
Advanced 41 (44.6) 7 (16.3) <0.001
neoplasia

Values are presented as number (%).

*Proportions of overall polypoid and non-polypoid lesions for each method.
LGD, low-grade dysplasia; HGD, high-grade dysplasia; SSL, sessile serrated
lesions including both sessile serrated polyps and traditional serrated ade-
noma; IND, indefinite for dysplasia.
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in 42.1% (122/290), there was mild or moderate activity (37.7
in CE and 47.3% in WLE) and in the remaining 18 procedures
(5.2%) there was severe inflammation (1.3% in CE and 12.2%
in WLE). The bowel preparation status was acceptable in 95.6%
of CE and 91.6% of WLE procedure (P=0.11). Withdrawal time
was significantly longer in CE (25.0 £9.6 minutes vs. 18.9+6.7
minutes, P<0.001). EMR was performed in 29.6% of CE epi-
sodes versus 9.2% in the WLE group (P<0.001). There were no
serious adverse events during either CE or WLE including
EMR cases.

1. Diagnostic Yield

The most common morphological type of neoplasia was pol-
ypoid (57.6% and 60.5%, respectively) in both groups. CE de-
tected both more polypoid and non-polypoid lesions com-
pared with WLE. Considering both morphological and histo-
logical criteria, CE detected more polypoid LGD and more
non-polypoid serrated lesions. The overall neoplasia detection
rate per procedure was 40.9% (65/159) in the CE group and
23.7% (31/131) in WLE group (P=0.002). CE also detected
overall significantly more advanced neoplastic lesions com-
pared with WLE (P<0.001) as shown in Table 2.

Table 3. Per Procedure Neoplasia Detection Rate by Chromoendoscopy and White Light Endoscopy

Outcome Chromoendoscopy (n=159) White light endoscopy (n=131) P-value
Neoplasia per episode 65 (40.9) 31(23.7) 0.002
Advanced neoplasia per episode 29 (18.2) 8 (6.1) 0.002
Serrated lesion per episode 23 (14.5) 8 (6.1) 0.022
Targeted biopsies 1.3+£1.2 0.7£1.0 <0.001
Neoplasia per targeted biopsy (%) 42,5 42.7 0.820
LGD 26.3 33.2 0.250
HGD 1.9 0 0.033
Serrated 13.0 9.2 0.420
Indefinite 0.4 0.3 0.880
Cancer 0.9 0 0.510
Advanced neoplasia (%) 17.3 6.1 0.034
Random biopsy 13.56+£9.34 20.23+10.64 <0.001
Neoplasia per random biopsy (%) 0.19 0.19 0.490
LGD 0.14 0.M 0.460
HGD 0 0.04 0.120
Serrated 0 0.04 0.800
Indefinite 0.05 0 0.510

Values are presented as number (%) or mean + standard deviation.
LGD, low-grade dysplasia; HGD, high-grade dysplasia.

www.irjournal.org
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The mean total number of samples and the mean number biopsies positive for dysplasia was 0.19% in both groups
of random biopsies per procedure were lower in CE versus (P=0.49), with a number needed to test of 526 for both CE
WLE (14.9+9.7 vs. 20.9+11.1, P<0.001 [data not shown] and and WLE to detect one invisible dysplasia (Table 3). The differ-
13.6£9.3vs.20.2x 10.6, P<0.001). However, significantly more ences between CE and WLE remained robust for all outcomes

targeted biopsies were performed during CE compared with even after excluding the 7 procedures (2.4%) performed with
WLE (1.3+1.2 vs. 0.7+ 1.0, P<0.001). The proportion of neo- standard definition scopes prior to 2008. The overall preva-
plastic lesions per targeted biopsy was not significantly differ- lence of neoplasia in this cohort was 48.0%, with an average
ent between CE and WLE (42.5% vs. 42.7%, P=0.82), but there incidence rate of 0.49 per year. Among the patients with inci-
was a higher proportion of advanced neoplasia per targeted dental LGD detected during surveillance (n=18), 12 patients

biopsy in the CE group (Table 3). The proportion of random (66%) developed metachronous LGD, 1 patient HGD (5.5%),

Table 4. Surveillance Qutcomes of Patients with Neoplasia Resection at Baseline Colonoscopy

Index Histology 1.st Zpd 3_rd 4.th 5th surveillance
surveillance surveillance surveillance surveillance or more
LGD alone (n=18) Negative 10 9 4 0 1
LGD 6 4 3 4 6
HGD 0 1 1 0 0
Cancer 0 1 0 0 0
LGD and SSL (n=5) Negative 0 1 NA NA NA
LGD 2 - - -
HGD 0 - - -
HGD alone (n=2) Negative 0 NA NA NA NA
LGD 0 - - - -
HGD 1 - - - -
SSL alone (n=8) Negative 4 2 NA NA NA
LGD 0 0 - - -
HGD 0 0 - - -

Data are presented as number. There were no patients with coexistent HGD and SSL at baseline.
LGD, low-grade dysplasia; HGD, high-grade dysplasia; SSL, sessile serrated lesion; NA, not available.

Table 5. Clinicopathological Findings of Colectomy Cases

1 uc CE HGD? No HGD Yes
2 uc WLE NR HGD Yes Cancer No’
3 uc CE NR HGD No HGD Yes
4 uc CE NR LGD No LGD Yes
5 uc CE NR TSA No TSA Yes
6 D CE NR LGD No LGD Yes

“Incompletely resected.

*The cancer detected after colectomy was remote from the HGD lesion. In endoscopy, there was an area with multiple pseudopolyps at left side colon.
The tissue was taken randomly at the site, but the biopsy showed just chronic inflammation. Because there was another NR HGD at right side colon,
total colectomy was performed and the cancer at left side colon was diagnosed.

UC, ulcerative colitis; CD, Crohn's disease; CE, chromoendoscopy; WLE, white light endoscopy; HGD, high-grade dysplasia; NR, non-resectable; LGD, low-
grade dysplasia; TSA, traditional serrated adenoma.
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and 1 developed adenocarcinoma during follow-up (Table 4).

2. Histologic Findings after Colectomy

Colectomy was performed in 6 patients (5.7%), and 5 of them
had a prior CE. One patient had an incompletely resected HGD
lesion, and the other cases were non-resectable lesions (2 HGD
and 3 LGD). In all but 1 case there was perfect correlation be-
tween the endoscopic and surgical diagnosis (Table 5). Of the
2 cancer cases, 1 was detected by CE, and the other was previ-
ously diagnosed as HGD by WLE, 2 months before colectomy.
One patient with cancer had LGD diagnosed on 2 consecutive
surveillance colonoscopies prior to the cancer diagnosis, and
the other patient had no prior diagnosis of dysplasia. One pa-
tient refused surgery and died of metastatic disease 2.5 years
later.

DISCUSSION

In this study, we have shown that CE has a higher diagnostic
yield for neoplasia and particularly advanced neoplasia, com-
pared with high-definition WLE in patients with IBD. Per pro-
cedure, neoplasia detection rate was nearly double, and there
were almost three times as many advanced neoplastic lesions
detected by CE compared with WLE. Based on the available
evidence regarding the superior yield for neoplasia, CE was
recommended as the modality of choice for IBD surveillance
by several major medical societies.”* However, there are barri-
ers to the implementation of CE in clinical practice. On a re-
cent survey, only 30% of IBD specialists routinely use CE.”’
One of the reasons for the slow uptake of CE has been the lack
of long-term data supporting an association between a higher
neoplasia detection rate and a lower risk of cancer. While there
is controversy as to the impact of non-advanced lesions de-
tected by CE, the data seems more meaningful in regard to the
advanced lesions (larger size or containing HGD). Choi et al.**
showed that the rate of interval cancers was reduced in half
following a negative CE compared with a normal WLE. The
prevalence of dysplasia in our study (48.0%) was higher com-
pared with other cohorts, but the incidence was similar.***
This may be due to referral bias, a higher proportion of pa-
tients with major risk factors such as PSC, or the systematic
use of high-definition endoscopy. In our institution, we also
employed pan-chromoendoscopy as opposed to targeted dye
spraying as was the case in some studies.

Most neoplastic lesions in our study were polypoid, which is

consistent with previous publications.""*"* Rutter et al.” and

www.irjournal.org
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Rubin et al.”” have shown that most neoplasia in patients with
IBD is visible. In our study, CE detected significantly more ele-
vated lesions leading to more targeted biopsies compared
with WLE (213 vs. 89). Overall, our data confirms that CE has
a higher sensitivity for neoplastic lesions compared with WLE.
We have to acknowledge that our results are discordant to
findings from other recent studies showing no superiority of
CE over WLE**"*> However, these studies excluded patients
at high-risk for neoplasia such as those with coexistent PSC
which, again, may have biased the results.

An important finding from our study is the higher yield for
advanced neoplasia. CE detected almost three times as many
advanced neoplastic lesions compared with WLE, and per le-
sion advanced neoplasia yield was also significantly higher, al-
though high-definition scopes were used in the vast majority
of cases. The difference between the 2 methods remained ro-
bust even after excluding the 7 procedures performed with
standard definition WLE colonoscopy prior to 2008. This is a
very important finding again supporting the use of CE over
WLE for IBD surveillance. The decreased incidence of interval

cancer in the study of Choi et al.**

may also be due in part to a
higher detection rate for advanced neoplasia, although this
was not specifically addressed.

The detection rate for serrated lesions was also higher with
CE compared with WLE in this study. CE has been shown to
have a higher detection rate for serrated lesions in patients
without IBD.***" Recent reports have suggested that IBD pa-
tients with serrated neoplasia at baseline have a higher risk of
developing conventional dysplasia including advanced neo-
plasia in follow-up.”* Therefore, detecting these often incon-
spicuous lesions may have an important impact in reducing
the risk of interval cancers in IBD patients.

There were significantly more targeted biopsies and fewer
random biopsies obtained during CE compared with WLE.
Similar to previous studies, the yield of random biopsies for
dysplasia was extremely low."""** Thus, CE may represent a
cost-saving method for IBD surveillance without compromis-
ing diagnostic accuracy. This is consistent with data from Koni-
jeti et al."” showing that CE may be more cost-effective for IBD
surveillance regardless of the surveillance interval.

Our study has several limitations resulting from its retrospec-
tive nature and the referral bias which likely led to the inclu-
sion of patients with a higher risk for neoplasia compared with
population-based studies. There was a slight imbalance be-
tween groups, particularly in regard to the distribution of pa-
tients with PSC and family history of colon cancer. In our ret-
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rospective review of medical and procedural records, we may
have omitted other potential confounders that could have in-
creased the imbalance between the groups and spuriously
augmented the yield of CE over WCE. Such biases can only be
mitigated in prospective randomized trials. All CEs were per-
formed by a single experienced endoscopist, and it is unclear
if this can be replicated in other clinical settings. However, the
CE learning curve may not be steep; in a recent study, the yield
of dysplasia during CE was not different between expert and
novice endoscopists following a short training course.” We
could not make a distinction between colitis-associated and
sporadic neoplasms as most patients were in endoscopic re-
mission and the histological disease extent was not adequate-
ly documented in all cases. However, our aim was to compare
the yield of CE with WLE for IBD surveillance regardless of the
disease extent and there is no reason to suspect that the inclu-
sion of sporadic lesions has introduced a bias in favor of CE.

The relatively short follow-up duration and small number of
patients also limit the generalizability of our results. Chrono-
logically, CE procedures were performed during more recent
years, so a calendar-year bias cannot be excluded. In addition,
7 exams before 2008 in WLE group were performed by stan-
dard definition. Although the proportion was relative low, it
could influence on the result. All pathological specimens were
internally reviewed, and observer bias may be a consideration,
although this should be relatively balanced between CE and
WLE.

In conclusion, we demonstrated that CE has a higher detec-
tion rate for all neoplasia and particularly advanced and ser-
rated neoplasia compared with white light, high-definition
colonoscopy. The yield of random biopsies performed during
either CE or WLE was extremely low, which raises serious
doubts about the utility of this method for neoplasia surveil-
lance. Although further prospective studies are necessary, CE
seems to be a useful technique for neoplasia surveillance in
patients with IBD.
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