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ABSTRACT

Background Previous studies have reported the effective-
ness of narrow-band imaging (NBI) and linked-color ima-
ging (LCl) in improving the detection of colorectal neo-
plasms. There has however been no direct comparison be-
tween LCI and NBI in the detection of colorectal sessile ser-
rated lesions (SSLs). The present study aimed to compare
the effectiveness of LCl and NBI in detecting colorectal SSLs.
Methods A prospective, parallel, randomized controlled
trial was conducted. The participants were randomly as-
signed to the LCI or NBI arms. The primary end point was
the SSL detection rate (SDR).

Results 406 patients were involved; 204 in the LCl arm and
202 in the NBI arm. The total polyp detection rate, adeno-
ma detection rate, and SDR were 54.2%, 38.7%, and
10.8%, respectively. The SDR was not significantly different
between the LCI and NBI arms (12.3% vs. 9.4%; P=0.36).
The differences in the detection rate and the per-patient
number of polyps, adenomas, diminutive lesions, and flat
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lesions between LCI and NBI also were not statistically sig-
nificant. Multivariate analysis showed that LClI and NBI
were not independent factors associated with SDR, whereas
Boston Bowel Preparation Scale score (odds ratio [OR] 1.35,
95%Cl 1.03-1.76; P=0.03), withdrawal time (OR 1.13,95%
Cl 1.00-1.26; P=0.04), and operator experience (OR 3.73,

95%Cl 1.67-8.32; P=0.001) were independent factors
associated with SDR.

Conclusions LCl and NBI are comparable for SSL detection,
as well as for the detection of polyps and adenomas.

Introduction

Colorectal cancer (CRC) is one of the leading causes of cancer-
related death worldwide [1]. Colonoscopy remains the most
important tool in the detection and removal of the precursor
lesions of CRC; however, there is a reported adenoma miss
rate of about 20%-30% by conventional colonoscopy using
white-light imaging (WLI) [2,3]. In particular, sessile serrated
lesions (SSLs) are more difficult to detect than conventional
adenomas, because they are often flat, inconspicuous, and cov-
ered with mucus [4, 5]. It has been reported that SSLs may con-
tribute to approximately 20%-30% of sporadic CRCs [4], and
missed SSLs during colonoscopy may play an important role in
the development of interval CRC [6]. These findings have un-
derlined the importance of improving the detection efficacy
for SSLs.

The developments in image-enhanced endoscopy technolo-
gies have allowed better diagnostic capability and improved
identification of gastrointestinal lesions [7]. Among them, nar-
row-band imaging (NBI) is the most widely used modality,
which exploits blue and green wavelengths to emphasize the
capillary pattern and the surface of the mucosa, while linked-
color imaging (LCl) is a novel technology that relies on wave-
length optimization of three colors (red, green, and blue) to
make the lesions appear fuller [8]. Previous studies have inves-
tigated the effectiveness of NBI or LCl in the detection of colo-
rectal lesions in comparison with WLI, some of which have fa-
vored NBI or LCl as being superior to WLI [9, 10]. Our previous
study suggested that LCI could significantly improve colorectal
SSL detection compared with WLI [11]. There has however been
no direct comparison between LCI and NBI for colorectal SSL
detection. Whether LCI could serve as a more appropriate mod-
ality than NBI for colorectal SSL detection remains unclear.

Herein, we report the results of our prospective, parallel,
randomized controlled trial (RCT) investigating the superiority
between LCI and NBI for colorectal SSL detection. We hoped to
provide reliable evidence to guide clinical practice in the future.

Methods
Study design

This was a single-center, prospective RCT with parallel arms of
LCl and NBI colonoscopy conducted in the Digestive Endoscopy
Center of the Shanghai Tenth People's Hospital in China. The
study was conducted according to the Consolidated Standards
of Reporting Trials, and was approved by the ethics committees
of the Shanghai Tenth People's Hospital. Written informed con-

sent was obtained from all participants. All authors had access
to the data and approved the final manuscript.

Sample size calculation and randomization

The sample size calculation was performed using PASS software
(version 15.0; NCSS, USA). According to a recent study that in-
vestigated LCl versus NBI for colorectal polyp detection, the
serrated lesion detection rate was 22.1% by LCl and 34.6% by
NBI [12]. The required sample size was calculated in an inequal-
ity test for two independent proportions using a two-sided
Z test (unpooled), with a significance level of 0.05 and a statis-
tical power of 80%. As a result, 212 patients were needed in
each group, allowing for a dropout rate of 5%.

Eligible patients were randomly allocated to the NBI or LCI
groups in a 1:1 ratio. Randomization was carried out using the
sealed envelope method.

Patient enrollment

The indications for colonoscopy complied with current guide-
lines [13-15]. Generally, the indications included screening, di-
agnostic, and surveillance purposes when the patients were re-
ferred to the endoscopy center. After fulfilling the inclusion and
exclusion criteria, a total of 424 participants were enrolled in
the present study between June and October 2021. The inclu-
sion criteria were: age between 35 and 75 years; no prior his-
tory of colonoscopy; agreement to participate in the trial and
to provide signed informed consent. The exclusion criteria
were: poor condition and unable to tolerate or cooperate with
the examination; known inflammatory bowel disease, colorec-
tal cancer or familial adenomatous polyposis; refractory consti-
pation; anticoagulation or antiplatelet medication that could
not be suspended; severe anemia, uncontrolled infection, or
another high risk condition; pregnancy.

Bowel preparation

A split-dose regimen of high volume polyethylene glycol solu-
tion plus simethicone was normally taken by the patients for
bowel preparation prior to the colonoscopy. Remedial bowel
preparation with a further 1-3 liters of polyethylene glycol so-
lution was suggested in patients with poor bowel preparation,
and colonoscopy was performed afterwards. The quality of the
bowel preparation was evaluated according to the Boston Bow-
el Preparation Scale (BBPS). Scores of <6, 6-7, and 8-9 were
defined as “inadequate”, “good,” and “excellent” bowel prepa-
ration, respectively.
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Colonoscopy procedures

The colonoscopy procedures were performed with high defini-
tion colonoscopes using a LASEREO 7000 or ELUXEO 7000 sys-
tem (Fujifilm) in the LCl arm and an EVIS LUCERA ELITE 290 sys-
tem (Olympus) in the NBI arm. Once cecal intubation had been
confirmed, the endoscope was withdrawn and endoscopists in-
spected the mucosa under the specified mode: LCl or NBI. The
same modality, LCI or NBI, was adopted in both the insertion
and withdrawal phase.

The withdrawal procedures were at the discretion of the
endoscopists. Cold snare resection was immediately performed
for diminutive lesions (diameter<5mm) and a limited number
of lesions (usually<5). Patients with larger lesions (diameter
>5mm) or more than five lesions were recommended for hospi-
talization for scheduled endoscopic resection. All of the colo-
noscopies were performed by seven endoscopists, four of
whom were experienced, having performed >500 colonosco-
pies, and three of whom were non-experienced, having per-
formed <200 colonoscopies.

Histopathology

All resected specimens were fixed in 10 % formalin and the his-
topathological evaluation adhered to a standardized process.
The assessments were conducted by two individual patholo-
gists who were specialists in colorectal lesion diagnosis and
blinded to the patient allocation. The diagnosis of SSLs com-
plied with the criteria of the most recent World Health Organi-
zation guidelines [16]. By definition: one unequivocal architec-
turally distorted crypt was sufficient for the diagnosis of an SSL.
Training for SSL diagnosis was also performed before initiation
of the study. If there was doubt with regards to a lesion, a mul-
tidisciplinary discussion including endoscopists and patholo-
gists was held to determine the final diagnosis.

End points and definitions

The primary end point was the SSL detection rate (SDR), de-
fined as the proportion of colonoscopies with at least one SSL
detected. Other end points included the polyp detection rate
(PDR), adenoma detection rate (ADR), the number of polyps or
adenomas per patient, the detection rate of diminutive (diame-
ter<5mm) or flat lesions, the number of diminutive (diame-
ter<5mm) or flat lesions per patient, the advanced ADR, SSL
with dysplasia (SSLD) detection rate, and adenoma miss rate.
The adenoma miss rate was defined as the proportion of pa-
tients with an adenoma detected during the treatment colo-
noscopy than was not identified during the first colonoscopy.
The withdrawal time was defined as the total inspection time,
excluding the mucosa rinsing, diagnostic, and therapeutic
time.

Statistical analysis

Continuous variables were expressed as mean (SD) and ana-
lyzed using Student’s t test. The comparison of categorical vari-
ables was conducted using the chi-squared test. Multivariate a-
nalysis was conducted using the stepwise logistic regression
model for variable selection and independent factor identifica-

tion. Statistical significance was defined as a two-sided P val-
ue<0.05.All statistical analyses were performed using SPSS
software (version 23.0; SPSS Inc.).

Results
Study population and clinical characteristics

The flow diagram for patient selection is shown in Fig. 1s, see
online-only Supplementary material. After patients with bowel
obstruction due to advanced CRC or in whom the cecum was
not reached for other reasons had been excluded, along with
those who had no histology specimens either from biopsy or re-
section, a total of 406 patients were finally included, with 204
in the LCl arm and 202 in the NBI arm. The detailed clinical char-
acteristics are presented in » Table 1. There was no significant
difference between the two arms in terms of age, sex, body
mass index (BMI), indication for colonoscopy, family history, or
operator experience.

Colonoscopy outcomes

The detailed colonoscopy outcomes are presented in » Table 2.
There were no significant differences in the intubation time,
withdrawal time, or in bowel preparation between the two
arms. The total PDR, ADR, and SDR were 54.2%, 38.7%, and
10.8%, respectively. » Fig.1 shows two cases of typical SSLs
that were detected by LCI and NBI, respectively.

The SDR was numerically higher in the LCI arm when com-
pared with that in the NBI arm; however, the difference was
not statistically significant (12.3% vs. 9.4%; P=0.36). Similarly,
although LCI detected higher rates of diminutive lesions and
flat lesions and larger per-patient numbers of these lesions
than NBI did, none of the differences between the two modal-
ities reached statistical significance. There were also no signifi-
cant differences between the two arms in terms of PDR, ADR,
SSLD detection rate, advanced adenoma detection rate, or the
number of polyps or adenomas per patient.

Among the 74 patients who were hospitalized for a treat-
ment colonoscopy, 19 had other adenomas detected during
the treatment colonoscopy, resulting in a total adenoma miss
rate of 25.7%. The adenoma miss rate was numerically lower
in the LCl arm than that in the NBI arm, but the difference was
not significant (22.0% vs. 30.3%; P=0.41).

Factors associated with the SDR

Univariate and multivariate analysis showed that neither LCl or
NBI were independent factors associated with the SDR, whereas
the BBPS (odds ratio [OR] 1.35, 95%Cl 1.03-1.76; P=0.03),
withdrawal time (OR 1.13, 95%Cl 1.00-1.26; P=0.04), and op-
erator experience (OR 3.73, 95%Cl 1.67-8.32; P=0.001) were
independent factors associated with the SDR (» Table 3).

Subgroup analysis

As shown in » Fig.2, the SDR was numerically higher by LCI
than by NBI when the colonoscopies were performed by experi-
enced operators (17.9% [21/117] vs. 14.0% [15/107]; P=0.42),
when the withdrawal time was=9 minutes (21.7% [13/60] vs.
18.4%[7/38]; P=0.70), and with good, but not excellent, bowel
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> Table1 Comparison of the clinical characteristics of the patients in the linked-colorimaging (LCl) and narrow-band imaging (NBI) groups.

Variables Total (n=406) LCI group (n=204) NBI group (n=202) P value
Age, years, mean (SD) 53.6(11.1) 53.8(11.7) 53.4(10.5) 0.73
Sex, n (%) 0.85
= Male 173 (42.6) 86 (42.2) 87 (43.1)

= Female 233 (57.4) 118 (57.8) 115 (56.9)

BMI, mean + SD 23.8(3.1) 23.6(3.0) 24.0(3.1) 0.13
Indication for colonoscopy, n (%) 0.92
= Screening’ 210(51.7) 105(51.5) 105 (52.0)

= Diagnostics 196 (48.3) 99 (48.5) 97 (48.0)

Family history, n (%) 0.37
= No or unknown 350 (86.2) 179 (87.7) 171 (84.7)

= Yes 56 (13.8) 25(12.3) 31(15.3)

Operator, n (%) 0.38
= Experienced 224 (55.2) 117 (57.4) 107 (53.0)

= Non-experienced 182 (44.8) 87 (42.6) 95 (47.0)

BMI, body mass index.

" The indication “screening” included both primary screening colonoscopy and programmed screening colonoscopy after positive fecal occult blood test or elevated
serum tumor biomarkers (CEA, CA724, CA199, etc.) among patients without any symptoms.

» Table2 Comparison of colonoscopy outcomes between the linked-colorimaging (LCl) and narrow-band imaging (NBI) groups.

Variables Total LClI group (n=204) NBI group (n=202) P value
Intubation time, mean (SD), minutes 4.5(4.1) 4.6 (3.4) 4.3(4.7) 0.53
Withdrawal time, mean (SD), minutes 7.7(2.2) 7.9(2.3) 7.6(2.1) 0.18
BBPS, mean (SD) 6.5(1.2) 6.5(1.1) 6.5(1.3) 0.84
Polyp detection rate 54.2% (220/406) 53.9% (110/204) 54.5%(110/202) 0.91
Adenoma detection rate 38.7% (157/406) 39.7%(81/204) 37.6%(76/202) 0.67
SSL detection rate 10.8% (44/406) 12.3%(25/204) 9.4%(19/202) 0.36
SSL dysplasia detection rate 1.5% (6/406) 1.5%(3/204) 1.5%(3/202) >0.99
Advanced adenoma detection rate 9.9% (40/406) 10.3%(21/204) 9.4%(19/202) 0.76
Diminutive lesion detection rate 40.4% (164/406) 43.6% (89/204) 37.1%(75/202) 0.18
Flat lesion detection rate 45.1%(190/406) 46.6% (95/204) 43.6% (88/202) 0.54
Polyps per patient, n (SD) 1.7 (3.4) 1.8(3.8) 1.6 (2.9) 0.52
Adenomas per patient, n (SD) 0.9(2.1) 1.1(2.4) 0.8(1.7) 0.24
Diminutive lesions per patient, n (SD) 0.9(2.0) 1.0(2.2) 0.7 (1.8) 0.17
Flat lesions per patient, n (SD) 1.2(2.6) 1.4(3.0) 1.1(2.2) 0.32
Additional adenoma detection rate during treatment ~ 25.7% (19/74) 22.0%(9/41) 30.3%(10/33) 0.41

colonoscopy

BBPS, Boston bowel preparation scale; SSL, sessile serrated lesion.

preparation (12.8% [16/125] vs. 8.3% [10/121]; P=0.25); how-
ever, none of the differences reached statistical significance.
Additionally, the SDR was almost equivalent for LCI and NBI

when the colonoscopies were performed by non-experienced
operators (4.6% [4/87] vs. 4.2% [4/95]; P=0.90), when the
withdrawal time was<9 minutes (8.3% [12/144] vs. 7.3% [12]
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» Fig.1 Examples of typical sessile serrated lesions (SSLs) detected

by: a-c narrow-band imaging (NBI); d-f linked-color imaging

(LCl); as seen on: a, d white-light imaging; b, e image-enhanced

distant view; ¢, f image-enhanced close observation.

164]; P=0.74), and with inadequate (5.6% [2/36] vs. 5.0% [2/
40]; P>0.99) or excellent bowel preparation (16.3% [7/43] vs.
17.1% [7]41]; P>0.99). The optical visibility of the colorectal
mucosa under LCl or NBI in patients with good or excellent
bowel preparation is shown in » Fig. 3.

Discussion

NBI has been investigated extensively for its potential in im-
proving colorectal lesion detection; however, the results from
previous studies have been contradictory. Some earlier RCTs
and meta-analyses showed that NBI had no superiority over
WLI in detecting colorectal neoplasms [17-20]. One major rea-
son for these results could be the low resolution and dark ima-
ges achieved with early-generation NBI systems. The new-gen-
eration NBI system has been modified to achieve high resolu-
tion images and increased brightness in the colonic lumen. Re-
cent studies have demonstrated that new-generation NBI has
improved the visibility and detection of polyps and adenomas
when compared with WLI [21-24].

Furthermore, many studies have reported that NBI can sig-
nificantly improve the detection of easily overlooked flat or di-
minutive lesions [25, 26]. In particular, several studies have ad-
ded to the debate on the effectiveness of NBI in detecting colo-
rectal serrated lesions. Rex et al. reported that new-generation
NBI may increase the detection of serrated lesions in the proxi-
mal colon when compared with WLI [27]. Hazewinkel et al. re-
ported that, in patients with serrated polyposis syndrome, the
miss rates were 29% for WLI and 20 % for NBI, respectively [28].
Recent meta-analyses also demonstrated that NBI detected sig-
nificantly more proximal, flat, non-adenomatous (presumed
serrated) lesions than WLI [21, 29]. Taken together, these stud-
ies indicated a potential advantage of new-generation NBI in
detecting colorectal SSLs. Similarly, the effectiveness of LCl in

> Table3 Multivariate analysis for factors associated with the sessile serrated lesion (SSL) detection rate.

Factors

Sex: male vs female

Age, years

Body mass index

Indication: screening vs. diagnostic

Family history: yes vs. no

Operator: experienced vs. non-experienced
Intubation time, minutes

Withdrawal time, minutes

BBPS

Group: LCl vs. NBI

SSL detection rate

Univariate

P

0.47

0.35

0.44

0.47

<0.001

0.22

0.02

0.01

0.356

Multivariate

0Odds ratio 95 %Cl P
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
3.73 1.67-8.32 0.001
NA NA NA
1.13 1.00-1.26 0.04
1.35 1.03-1.76 0.03
NA NA NA

BBPS, Boston bowel preparation scale; LCl, linked color imaging; NBI, narrow band imaging; NA, not applicable.
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» Fig.2 Comparisons of sessile serrated lesion (SSL) detection rates between linked-color imaging (LCI) and narrow-band imaging (NBI) for:

a experienced operators (left) and non-experienced operators (right); b for colonoscopies with a withdrawal time <9 minutes (left) and 29

minutes (right); c colonoscopies with inadequate (left), good (middle), and excellent (right) bowel preparation according to the Boston bowel

preparation scale (BBPS). Error bars show the 95 %Cls.

» Fig.3 The optical visibility of the colorectal mucosa under: a,c,e,g white-light imaging (WLI); b,d narrow-band imaging (NBI); and
f, h linked-color imaging (LCl); in patients with: a,b good bowel preparation under WLI and NBI; ¢, d excellent bowel preparation under WLI
and NBI; e, f good bowel preparation under WLI and LCl; g, h excellent bowel preparation under WLI and LCI.
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detecting colorectal neoplasms has also been investigated ex-
tensively. Some studies, together with our previous study,
have also suggested a certain superiority of LCI over WLI for
SSL detection [10,11,30-34].

So far, only one study has reported a comparison between
NBI and LCI for colorectal polyp detection [12]. The authors
performed a prospective, randomized, tandem colonoscopy
study and showed that NBI resulted in a higher PDR, ADR, and
percentage of serrated lesions than LCl. Multivariable analysis
indicated that NBI was an independent factor associated with
the PDR. These results provided an early experience in LCl ver-
sus NBI for colorectal lesion detection; however, the involved
study population was not equal in the two groups, with signifi-
cantly more symptomatic patients in the LCI group than in the
NBI group. The withdrawal time was also significantly longer in
the NBI group than in the LCI group for both the first and sec-
ond examination. Moreover, the tandem colonoscopies were
performed using the same modality (NBI followed by NBI and
LCI followed by LCl). The true benefit of tandem colonoscopies
with the same modality remains unclear, while tandem colo-
noscopies using alternative modalities may be more beneficial.
Additionally, a recent systematic analysis suggested that a tan-
dem study is more likely to yield positive results than a parallel
trial, indicating a higher likelihood of bias in tandem studies
[35]. Therefore, it was suggested the results of tandem studies
should be accepted only when validated by parallel trials. Final-
ly, the serrated lesions in this study included all three classifica-
tions of serrated lesions (traditional serrated adenomas, SSLs,
and hyperplastic polyps), without attention being dedicated to
SSLs. Whether LCI or NBI performs better for SSL detection and
is worth widespread recommendation remains unclear, pend-
ing a large-scale parallel trial in an equal average-risk patient
population.

In the present study, we performed the first prospective par-
allel RCT to compare LCl with NBI for the detection of colorectal
SSLs among an average-risk population. The LCl and NBI sys-
tems used were both the latest generation, which had high re-
solution images and improved brightness. The baseline clinical
characteristics and colonoscopy-related variables showed no
significant differences between the two arms. Our main find-
ings indicated no significant difference in the SDR between LCI
and NBI. The differences in the detection rate and the per-pa-
tient numbers of polyps, adenomas, diminutive lesions, and
flat lesions between LCI and NBI were also not statistically sig-
nificant. Given the fact that existing evidence has suggested
the superiority of both LCl and NBI over WLI in colorectal lesion
detection, our results were rational and consistent with the
published literature.

It bears mentioning that, although not statistically signifi-
cant, there was a slight tendency toward a higher SDR in the
LCI arm than in the NBI arm, and this tendency seemed more
pronounced when the colonoscopies were performed by
experienced endoscopists, with prolonged withdrawal time
(=9 minutes), or in patients with suboptimal bowel prepara-
tion. Consistent with our previous study, the present study
also revealed that endoscopists’ experience and withdrawal
time were independent factors associated with the SDR [11].

Familiarity with new techniques is important in performing an
effective procedure. In our center, LCl and NBI have been routi-
nely used in the evaluation of gastrointestinal lesions; the ex-
perience in LCl and NBI for individual endoscopists accumula-
ted correspondingly with the total colonoscopy volume. The
withdrawal time of at least 9 minutes has also been reported
to improve the ADR and SDR in previous studies [36,37].

Interestingly, the present study revealed that the BBPS was
also an independent factor associated with the SDR, which was
inconsistent with the results of our previous study. This discre-
pancy may likely be attributed to the involvement of NBI in the
present study. The importance of high quality bowel prepara-
tion in NBI has been proposed by abundant numbers of studies.
A parallel RCT on NBI versus WLI found that, in patients with
“good” bowel preparation, there was a statistically significant
benefit of NBI over WLI for adenoma detection, whereas there
was no difference between NBI and WLI when preparation was
“fair” [38]. A recent meta-analysis of RCTs also showed NBI had
a higher ADR than WLI, and this effect was greater when bowel
preparation was optimal [22]. The residual liquids appear dark
red under NBI and can significantly impair mucosal visualization
and negate its benefits. In contrast, the color of residual liquids
is less influential under LCI inspection. Therefore, the applica-
tion of NBI in colorectal lesion detection may require more rig-
orous bowel preparation than LCI does.

Taken together, these results may imply a potential super-
jority of LCI over NBI for SSL detection in real-world situations
where the bowel preparation in the majority of patients is just
“good” but hardly “best”, and when the endoscopists have suf-
ficient experience of the technique in their own hands and per-
form the colonoscopy examination with an adequate inspection
time.

There were several limitations of the present study. First, it
was conducted in a single tertiary hospital, which may impact
generalization of the results. Second, it is not possible to blind
the endoscopists to the modality (LCI or NBI). Third, the colo-
noscopies were performed for both diagnostic and screening
purposes. Therefore, these results should be properly interpret-
ed with attention paid to potential differences from studies
with only screening colonoscopies. Fourth, because we have
previously reported a comparison between LCl and WLI for the
detection of colorectal SSLs [11], and the effectiveness of NBI
vs. WLI in colorectal SSL detection has also been reported pre-
viously [21,27-29], we did not include another WLI arm in the
present study. It was more practical to conduct a direct com-
parison between the different modalities rather than compar-
ing them with WLI again. Finally, although we involved a large
number of participants (n=406), the sample size seemed insuf-
ficient in subgroup analyses based on the low prevalence of
colorectal SSLs.

In conclusion, the present study is the first and to date the
largest parallel RCT focusing on comparing LCI with NBI for the
detection of SSLs. The results demonstrated that LCl is compar-
able to NBI for SSL detection, as well as for polyp and adenoma
detection. Future multicenter RCTs with larger sample sizes are
warranted to validate our results and to further elucidate the
superiority of LCl and NBI among stratified patients.

552 LiJun et al. Colorectal sessile serrated... Endoscopy 2023; 55: 546-554 | © 2022. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Competing interests

The authors declare that they have no conflict of interest.

Funding

Shanghai Health Commission Scientific Research Project General Pro-
gram201940082

Shanghai Health Commission Promotion Project for Advanced and
Proper Technology20195Y050

Clinical trial

Trial Registration: Chinese Clinical Trial Registry (http://www.chictr.
org/) | Registration number (trial ID): ChiCTR2100046071 | Type of
study: Prospective, Parallel, Randomized, Controlled Trial

References

(1]

2

3

[4

[5

6

[7

8

[9

[10]

(1]

[12]

LiJun et al. Colorectal sessile serrated... Endoscopy 2023; 55: 546-554 | © 2022. Thieme. All rights reserved.

Sung H, Ferlay ], Siegel RL et al. Global Cancer Statistics 2020: GLO-
BOCAN estimates of incidence and mortality worldwide for 36 can-
cers in 185 countries. CA Cancer ) Clin 2021; 71: 209-249

Wang P, Liu P, Glissen Brown |R et al. Lower adenoma miss rate of
computer-aided detection-assisted colonoscopy vs routine white-
light colonoscopy in a prospective tandem study. Gastroenterology
2020; 159: 1252-1261.e5

Corley DA, Jensen CD, Marks AR et al. Adenoma detection rate and
risk of colorectal cancer and death. NEJM 2014; 370: 1298-1306

Tadepalli US, Feihel D, Miller KM et al. A morphologic analysis of ses-
sile serrated polyps observed during routine colonoscopy (with vid-
eo). Gastrointest Endosc 2011; 74: 1360-1368

Jaramillo E, Tamura S, Mitomi H. Endoscopic appearance of serrated
adenomas in the colon. Endoscopy 2005; 37: 254-260

van Toledo DEFWM, lJspeert JEG, Bossuyt PMM et al. Serrated polyp
detection and risk of interval post-colonoscopy colorectal cancer: a
population-based study. Lancet Gastroenterol Hepatol 2022; 7: 747-
754

Matsuda T, Ono A, Sekiguchi M et al. Advances in image enhance-
ment in colonoscopy for detection of adenomas. Nat Rev Gastroen-
terol Hepatol 2017; 14: 305-314

Glover B, Teare |, Patel N. A review of new and emerging techniques
for optical diagnosis of colonic polyps. ] Clin Gastroenterol 2019; 53:
495-506

Atkinson NSS, Ket S, Bassett P et al. Narrow-band imaging for detec-
tion of neoplasia at colonoscopy: a meta-analysis of data from indi-
vidual patients in randomized controlled trials. Gastroenterology
2019; 157: 462-471

Shinozaki S, Kobayashi Y, Hayashi Y et al. Colon polyp detection using
linked color imaging compared to white light imaging: Systematic
review and meta-analysis. Dig Endosc 2020; 32: 874-881

Li], Zhang D, Wei Y et al. Colorectal sessile serrated lesion detection
using linked color imaging: a multicenter, parallel randomized con-
trolled trial. Clin Gastroenterol Hepatol 2022: doi:10.1016/j.
cgh.2022.03.033

Leung WK, Guo CG, Ko MKL et al. Linked color imaging versus narrow-
band imaging for colorectal polyp detection: a prospective random-
ized tandem colonoscopy study. Gastrointest Endosc 2020; 91: 104-
112.e5

[13]

[14]

[15]

[16]

(7]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

ASGE American Society for Gastrointestinal Endoscopy. Appropriate
use of gastrointestinal endoscopy. Gastrointest Endosc 2000; 52:
831-837

Rex DK, Boland CR, Dominitz JA et al. Colorectal cancer screening:
recommendations for physicians and patients from the U.S. Multi-
Society Task Force on Colorectal Cancer. Gastroenterology 2017; 153:
307-323

Saftoiu A, Hassan C, Areia M et al. Role of gastrointestinal endoscopy
in the screening of digestive tract cancers in Europe: European Socie-
ty of Gastrointestinal Endoscopy (ESGE) Position Statement. Endos-
copy 2020; 52: 293-304

World Health Organisation. Classification of Tumors of the Digestive
Tract. Lyon: IARC Press; 2019

Kaltenbach T, Friedland S, Soetikno R. A randomised tandem colo-
noscopy trial of narrow band imaging versus white light examination
to compare neoplasia miss rates. Gut 2008; 57: 1406-1412

Adler A, Pohl H, Papanikolaou IS et al. A prospective randomised study
on narrow-band imaging versus conventional colonoscopy for ade-
noma detection: does narrow-band imaging induce a learning effect?
Gut 2008; 57: 59-64

Sabbagh LC, Reveiz L, Aponte D et al. Narrow-band imaging does not
improve detection of colorectal polyps when compared to conven-
tional colonoscopy: a randomized controlled trial and meta-analysis
of published studies. BMC Gastroenterol 2011; 11: 100

Pasha SF, Leighton JA, Das A et al. Comparison of the yield and miss
rate of narrow band imaging and white light endoscopy in patients
undergoing screening or surveillance colonoscopy: a meta-analysis.
Am | Gastroenterol 2012; 107: 363-370 quiz 371

Atkinson NSS, Ket S, Bassett P et al. Narrow-band imaging for detec-
tion of neoplasia at colonoscopy: a meta-analysis of data from indi-
vidual patients in randomized controlled trials. Gastroenterology
2019; 157: 462-471

Leung WK, Lo OS, Liu KS et al. Detection of colorectal adenoma by
narrow band imaging (HQ190) vs. high-definition white light colo-
noscopy: a randomized controlled trial. Am | Gastroenterol 2014;
109: 855-863

Ogiso K, Yoshida N, Siah KT et al. New-generation narrow band ima-
ging improves visibility of polyps: a colonoscopy video evaluation
study. ] Gastroenterol 2016; 51: 883-890

Horimatsu T, Sano Y, Tanaka S et al. Next-generation narrow band
imaging system for colonic polyp detection: a prospective multicen-
ter randomized trial. Int | Colorectal Dis 2015; 30: 947-954

Minamide T, Sashiyama H, Muramatsu Y et al. Second-generation
narrow-band imaging to detect colorectal adenomas: A prospective
study including community hospitals. | Gastroenterol Hepatol 2021;
36:3084-3091

Uraoka T, Saito Y, Matsuda T et al. Detectability of colorectal neo-
plastic lesions using a narrow-band imaging system: a pilot study.
] Gastroenterol Hepatol 2008; 23: 1810-1815

Rex DK, Clodfelter R, Rahmani F et al. Narrow-band imaging versus
white light for the detection of proximal colon serrated lesions: a
randomized, controlled trial. Gastrointest Endosc 2016; 83: 166-171

Hazewinkel Y, Tytgat KM, van Leerdam ME et al. Narrow-band imaging
for the detection of polyps in patients with serrated polyposis syn-
drome: a multicenter, randomized, back-to-back trial. Gastrointest
Endosc 2015; 81: 531-538

Aziz M, Desai M, Hassan S et al. Improving serrated adenoma detec-
tion rate in the colon by electronic chromoendoscopy and distal at-
tachment: systematic review and meta-analysis. Gastrointest Endosc
2019;90: 721-731.e1

Oliveira Dos Santos CE, Malaman D, Pereira-Lima |C et al. Impact of
linked-color imaging on colorectal adenoma detection. Gastrointest
Endosc 2019; 90: 826-834

553

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



& Thieme

(31]

(32]

(33]

(34]

(35]

554

Fujimoto D, Muguruma N, Okamoto K et al. Linked color imaging en- than with parallel studies — an analysis of studies on imaging tech-
hances endoscopic detection of sessile serrated adenoma/polyps. niques and mechanical devices. Gut 2021; 70: 268-275

Endosc Int Open 2018; 6: E322-E334 [36] Zhao S, Yang X, Wang S et al. Impact of 9-minute withdrawal time on
Paggi S, Radaelli F, Senore C et al. Linked-color imaging versus white- the adenoma detection rate: a multicenter randomized controlled
light colonoscopy in an organized colorectal cancer screening pro- trial. Clin Gastroenterol Hepatol 2022; 20: e168-e181

gram. Gastrointest Endosc 2020; 92: 723-730 [37] Butterly L, Robinson CM, Anderson JC et al. Serrated and adenoma-
Kudo T, Horiuchi A, Kyodo R et al. Linked colour imaging versus white- tous polyp detection increases with longer withdrawal time: results
light colonoscopy for the detection of flat colorectal lesions: A ran- from the New Hampshire Colonoscopy Registry. Am | Gastroenterol
domized controlled trial. Colorectal Dis 2021; 23: 1414-1420 2014; 109: 417-426

Hasegawa I, Yamamura T, Suzuki H et al. Detection of colorectal neo- [38] East JE, Ignjatovic A, Suzuki N et al. A randomized, controlled trial of
plasms using linked color imaging: a prospective, randomized, tan- narrow-band imaging vs high-definition white light for adenoma de-
dem colonoscopy trial. Clin Gastroenterol Hepatol 2021; 19: 1708- tection in patients at high risk of adenomas. Colorectal Dis 2012; 14:
1716.e4 e771-e778

Zimmermann-Fraedrich K, Pohl H, Résch T et al. Designs of colono-
scopic adenoma detection trials: more positive results with tandem

LiJun et al. Colorectal sessile serrated... Endoscopy 2023; 55: 546-554 | © 2022. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



