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RESUMO

A prevencdo do cancer colorretal fundamenta-se na vigilancia com exames de
colonoscopia de rotina. Entre os fatores de qualidade do exame, a taxa de deteccéo de

adenomas (ADR) aparece como um dos principais indices de avaliacéo.

Dentro desse contexto, a tecnologia do “linked color imaging (LCI)” objetiva disponibilizar
Nnovos recursos que contribuam para aumentar a taxa de deteccdo de lesdes
adenomatosas, por meio de um sistema de diferenciacdo de espectros de luz que

intensifica o contraste na topografia onde verifica-se esse tipo de leséo.

O objetivo desse trabalho é avaliar e quantificar, a partir de estudos vigentes, o impacto

da utilizag&o desse recurso no exame de colonoscopia de rotina.

Foram selecionados ensaios clinicos randomizados, em inglés, publicados até marco de
2023 que avaliaram o uso do LCI em comparagdo com a luz branca (WL). O principal
objetivo foi avaliar o impacto do LCI na taxa de deteccado de adenomas. Também foram
incluidos desfechos abrangendo o tamanho, morfologia, localizacao e o tipo das lesées,
bem como o tempo total de avaliacdo cdlica na retirada do aparelho a partir do ceco. O
ndamero de adenomas por paciente e a taxa de deteccao adicional, foram analisados
guando a metodologia do estudo permitiu tais avaliagdes. O estudo foi registrado no
PROSPERO sob a identidade CRD42023438359.

Foram incluidos 16 estudos. O LCI mostrou acuracia superior na detec¢do de adenomas
1,20 (IC 95%: 1,13 a 1,28). Em relacdo ao tamanho, morfologia e localizac&o, apesar dos
resultados favoraveis ao LCIl, ndo foram encontradas diferencas estatisticamente
significativas nas andlises de subgrupos. Também para a detec¢éo de lesdes serrilhadas,
a adicao do LCI ndo demonstrou resultados expressivos. Por outro lado, o uso do LCI
aumentou as taxas de deteccdo de adenomas por paciente e a taxa de deteccao adicional
de adenomas em estudos de crossover. Em relacdo ao tempo de retirada, ndo houve

diferencas estatisticamente significativas entre os exames realizados com ou sem LCI.

Assim, o LCI mostrou-se eficaz na identificacéo de lesdes colicas e aumentou a ADR e

as taxas de deteccdo de adenomas por paciente, sem impacto negativo em outros



critérios de qualidade na colonoscopia, como o tempo de retirada. Além disso, o LCI

demonstrou eficacia em aumentar a taxa de deteccao adicional de lesdes célicas.

Palavras-chave: colonoscopia; cromoendoscopia; qualidade de colonoscopia; linked

color imaging; taxa de deteccao de adenoma.



ABSTRACT

The prevention of colorectal cancer is based on surveillance with routine colonoscopy.
Among the factors of exam quality, adenoma detection rate (ADR) appears as one of the
main. In this context, Linked Color Imaging (LCI) aims to intensifies the contrast of this

type of lesion, improving exam performance.

Randomized clinical trials in English, published up to March 2023 evaluating the use of
LCI compared to white light (WL) were selected. The main objective was to assess the
impact of LCI on the ADR. In addition, the evaluated outcomes encompassed the size,
morphology, location and type of lesions, the number of adenomas per patient, and the
supplementary detection rate, as per study methodology's allowance for such
assessments. The study was registered in PROSPERO with the ID CRD42023438359.

Sixteen studies were included, revealing LCI's superior accuracy in adenoma detection
(1.20, 95% CI: 1.13-1.28) and increased rates per patient. Although LCI performed
favorably in size, morphology, and location, subgroup analyses showed no statistically
significant differences. The addition of LCI did not yield significant results for serrated
lesion detection, and there were no statistically significant differences in withdrawal time

between groups.

LCI has proved to be efficacious in the identification of colonic lesions and increased
ADR, the adenoma detection rates per patient and the additional detection rate of colonic

lesions, with no negative impact on other quality criteria in colonoscopy.

Keywords: colonoscopy; chromoendoscopy; quality colonoscopy; linked color imaging;

adenoma detection
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1. INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer in the world and represents the

second most common cause of death by this disease [1].

The natural history of the disease shows the development of neoplasms from
adenomatous lesions and the detection of those adenomatous polyps during colonoscopy
has so far proved to be the most effective way of reducing CRC risk and mortality [2] and
can be estimated by the adenoma detection rate (ADR), understood as the proportion of
colonoscopies in which at least one adenomatous lesion is identified [3]. Despite this,
there is still a non-negligible rate of unidentified polyps during a conventional examination,

which can reach up to 20% [4].

Approximately 1% increase in the ADR leads to a 3% reduction rate in the incidence of

colorectal cancer between colonoscopy screening intervals [5].

In an attempt to obtain better results in the identification of premalignant colonic lesions,
great advances have been made, with the implementation of new technologies. Within
this scenario, enhanced imaging techniques (image-enhanced endoscopy [IEE]) gained
notoriety, mainly for its ease of use and no need of special preparations or additional
devices. Initially, with good results in differentiating pre-malignant from benign lesions,
allowing the evaluation of the surface pattern of these polyps [6], narrow-band imaging
(NBI) and blue laser imaging (BLI) show controversial results in increasing the polyp

detection rate [7,8].

In 2014, the Fujifilm Co. Ltd. (Tokyo, Japan) developed, linked color imaging (LCI), a
technology that shows superiority in the illumination of the colorectal lumen when
compared to other virtual chromoscopy techniques [9,10]. This technology uses the same
standard of improvement of BLI-bright, separating the blue, red and green color spectra,
expanding their differentiation, enhancing the color changes in the colonic mucosa and
increasing the hemoglobin contrast, highlighting intestinal lesions that become more
reddish than the rest of the mucosa surface [9].
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LCl is available for both the Laser Endoscopic System (LASEREO) and the Light-Emitting
Diode Endoscopic System (ELUXEO), both domains of Fuijifilm Co. Ltd. (Tokyo, Japan)
[7,11]. They differentiate based on the light sources employed. In the former, the laser
light source generates two wavelengths of light at 410 + 10 nm and 450 + 10 nm [12]. The
latter system, instead of a laser light source, utilizes light-emitting diodes (LEDs) as an
endoscopic light source. The LED light source emits four wavelengths of light, namely

blue-violet, blue, green, and red [13].

The low-wavelength 410-nm or violet light can penetrate only a short distance from the
mucosa, particularly in more superficial regions. This is precisely where, in neoplastic
lesions, there is a greater concentration of blood vessels, leading to easy absorption of
this light spectrum by hemoglobin. Consequently, neoplastic lesions become even redder,
while the adjacent mucosa takes on a violet hue, as it is located in deeper topographies
[10].

LCI also stands out for its ability to distinguish adenomatous lesions with neoplastic
potential more accurately from inflammatory changes. Under white light illumination, both
assume reddish tones, making differentiation challenging. However, under LCI,
inflammatory changes also become purple, while neoplastic lesions remain red [10,11].

The objective of this work is to evaluate the impact of using LCI in the ADR and, therefore,

the benefits associated with the use of this technology, which is increasingly available.
2. METHODS

Following the protocol established from the Preferred Reporting Items for Systematic
reviews and Meta-Analyses [14], a literature review was carried out with the following
question as a guide: “Does the use of virtual chromoscopy with LCI feature increase the
ADR in the colonoscopy?”. The study was registered in PROSPERO with the ID
CRD42023438359.

2.1 Search strategy
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The search strategy was created by an experienced librarian and reviewed by another
investigator (B.H.F.Z) and was developed with MeSH, DeCS descriptors and natural
language with the following terms: Colonoscopy, chromoendoscopy, quality colonoscopy,
Linked Color Imaging, polyp detection, adenoma detection. The databases for the
research were PubMed, BIREME, LILACS, MEDLINE, and SciELO, as shown in Table 1.

2.2 Selection criteria

Two independent reviewers, B.H.F.Z and J.C.A, conducted article screening according to

the PICO format (patient, intervention, control, and outcomes), wherein:

- Patients: Individuals aged 18 years and above undergoing colonoscopy
examination.

- Interventions: Employment of LCI during colonoscopies.

- Control: Employment of WL during colonoscopies.

- Outcomes: Evaluation of the detection rate of adenomas, serrated lesions,
colonic lesions larger or smaller than 5 millimeters, colonic lesions in the right
and left colon, detection rate of flat and non-flat colonic lesions, number of

adenomas per patient, additional polyp detection rate, and withdrawal time.

From the total, 24 articles were pre-selected based on the title and available abstract,
using as the main inclusion criteria the relationship between the use of LCI and the rate
of detection of polyps in the colonoscopy exam compared to the examination performed
with WL. The selected papers were read and reviewed. Data in the articles were
independently evaluated. Duplicate studies were excluded, as well as case reports,
reviews and retrospective articles and experimental studies in animals, selecting only
randomized prospective clinical trials in English published up to March 2023 with no initial
date (Fig. 1).

2.3 Study definitions

ADR is defined as the proportion of colonoscopies with at least one adenoma detected in
all colonoscopies. The serrated adenoma detection rate (SADR) is defined as the

proportion of colonoscopies with at least one serrated adenoma/polyp (SSA/P) detected
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in all colonoscopies. Numbers of adenomas per patient was defined as the total number
of adenomas divided by the total number of patients in each study. Number of flat lesions
is defined as the total number of lesions with a diameter at least twice the height of the
lesion in each study. In many studies, flat lesions were defined as lla, l1lb and llc lesions
according to the Paris Classification [15]. In the non-flat lesion group, sessile,
pedunculated, and subpedunculated lesions were included, respectively classified as Is,
Ip, and Isp according to the Paris Classification [15]. Some studies [7,16] only
differentiated lesions morphologically into polypoid and non-polypoid. The additional PDR
was established as the number of polys seen in a second inspection divided by the total

procedures.

The right colon accommodates the segments of the cecum and ascending colon, and the
left colon corresponds to the descending colon and sigmoid colon. The withdrawal time
was defined as the amount of time spent viewing as the colonoscope is withdrawn from

the cecum.
2.4 Data extraction and study outcomes

The selected papers were evaluated in relation to the ADR and also in relation to the
detection rate of serrated lesions. The benefit of LCI in the detection rate of lesions was
evaluated taking into account its size (greater or smaller than 5 millimeters), location (right
and left colon) and morphology, individualizing the results for the detection rate of flat and
non-flat lesions. In addition, the number of adenomas per patient and the additional PDR

were counted, when the study design allowed for such assessment.

For those crossover study designs, a duplicated assessment of colonic mucosa was done
with both WL and LCI and for proper statistical comparison, only the number of lesions
found in the initial examination was considered and included. Additionally, withdrawal time
with and without this chromoscopy technology was also evaluated. Other data from
studies, such as first author, year of publication, study period, type of study, study design,
endoscopic system, number of participants, baseline demographics (age and gender),
indications for colonoscopy, total study participants, and number of colonoscopists, were

included.
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Two independent reviewers (B.H.F.Z and J.C.A) tabulated the data collected on Microsoft
Excel (Microsoft, Redmond, Washington, United States) and any discrepancy in data
collection was resolved through mutual discussion. In case of a triple arm study, data for

the LCI and WL groups we extracted.
2.5 Bias assessment

Using the Cochrane tool for assessing risk of bias 2 [17], the highlighted domains included
the randomization process (D1), deviations from the intended interventions (D2), missing
outcome data (D3), measurement of the outcome (D4), and selection of the reported result
(D5). The bias assessment for the primary outcome revealed considerations in domain
D2, stemming from the inability to blind the performing colonoscopist, who inevitably
became aware of the ongoing intervention. Some studies also encountered issues with

pre-registration of proposed outcomes and problems with randomization.
2.6 Statistical analysis

Meta-analyses were conducted on the outcomes of interest. Combined results for
continuous measures were presented as the mean difference, and aggregated results for
dichotomous outcome measures were presented as the risk ratio (RR) between the LCI
and WL methods. All analyses were performed using the meta package (version 6.5-0)
implemented in the R programming language. Random-effects models were employed for
all analyses. The choice to use random-effects models was based on their plausible
assumptions in medicine and the extent of heterogeneity among studies. Meta-analysis

results were depicted in forest plots.
2.6.1 Subgroup Analysis

When common trends in interventions considered clinically relevant emerged, post hoc

subgroup analyses were conducted. The post hoc subgroup analyses included:
e 1. Polyp size (<5 mm and > 5 mm).

e 2. Morphology (flat lesion and non-flat lesion).
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e 3. Location (right and left).
2.6.2 Publication Bias Assessment

To assess publication bias in the meta-analyses, funnel plots were inspected, and findings
were confirmed through the Egger regression test. If any publication bias was identified,
its robustness was tested using the Trim-and-Fill method.

To explore heterogeneity for the primary outcome, the “leave-one-out” method was
employed, systematically removing one study at a time, and ultimately assessing the

effect size and the new heterogeneity encountered.
3. RESULTS
3.1 Study Selection

From the analysis and research in PubMed, BIREME, LILACS, MEDLINE and SciELO
databases, 279 studies were selected. Of these, after reading the abstracts and titles, 24
studies remained. After that, selecting by eligibility criteria, 16 final studies [7,16,18-31]
were used for the development of the research. The study selection process is illustrated

in Figure 1.
3.2 Characteristics of the studies

We included 16 randomized clinical trials, published between 2017 and 2023, conducted
in Japan, China, Brazil, Hungary, Thailand, and Italy and 2 international RCTs conducted
in different countries [30,31], whose objectives were to analyze the effectiveness of LCI
in the detection of polyps, compared to the examination performed with white light only
(Table 2).

The majority of studies [7,16,18,20-22,24,25,27-29] employed the LASEREO, while in
three studies [19,23,26] the ELUXEO was the prevailing system, utilizing LED as an

endoscopic light source.
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In 2023, Okada et al. [13] compared these two systems using the BLI mode to assess
image quality for determining the Japan NBI expert team (JNET) classification, finding a
concordance rate of 92.5%. The weighted k-statistic was 0.99. Regarding the use of LCI,
no similar studies exist. Extrapolating from these results, we consider there to be no
significant differences or interference in outcomes between the laser and LED systems as

light sources.

In three studies [13,18,19], results were extracted solely from the analysis of the right
colon, and in another study [22], analysis extended to the splenic flexure, allowing for
assessment of the benefit of incorporating this resource to identify lesions that might go
unnoticed under WL." Min et al. [21], Dos Santos et al. [27] and Suzuki et al. [31] evaluated
results with LCI and WL, individualizing each segment of the colon, while the others

included an analysis of the entire colon, from the cecum to the rectum.

Seven studies [16,18,20,21,29-31] were multicenter, while the remaining were conducted
in a single research center. Regarding indications, most studies included patients with
different indications for colonoscopy, from surveillance and screening for investigation of
gastrointestinal symptoms and positive occult blood fecal tests. Concerning gender and
mean age of the participants, the studies exhibited notable similarities.Two studies only
evaluated the detection rate of serrated lesions [16,22], considered in some studies to be

more difficult to visualize due to their similarity with the adjacent mucosa [32].

The studies also exhibit design differences, with some employing a parallel design
[7,16,20,23—-31] while others use a cross-over design [19,21,22]. In Yoshida's study [18],
an initial examination was conducted with WL, followed by additional assessments with
either WL or LCI, combined with an extended 30-second duration for the second
evaluation. Conversely, Hasegawa et al. [25] adopted a design in which the second
observation was standardized using WL. Houwen et al. [30] included only Lynch

syndrome patients 218 years undergoing surveillance colonoscopy.

3.2 Adenoma detection rate
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The primary objective of this study was to comparatively evaluate the ADR using the LCI
and WL.For this outcome, the systematic review encompassed a total of 15 studies
[7,16,18-21,23-31] involving observations from 10,558 patients (5,200 in the LCI group
and 5,358 in the WL group). The total number of recorded events was 4,751. The meta-
analysis revealed that the ADR using LCI is 1.20 (95% CI: 1.13-1.28) times higher
compared to WL examination (Fig. 2). The heterogeneity among the studies, quantified
by 12, was 44%, indicating moderate heterogeneity (p = 0.03). Analysis of the influence of
each study on heterogeneity using the Leave-One-Out method is shown in Table 3. When
the study by Miyaguchi is omitted, a substantial decrease in heterogeneity is observed,
reaching values close to 24%; however, there are no alterations in the primary effect. In a
sensitivity analysis using the random-effects model, the results appear consistently in
favor of LCI (RR=1.20; 95% CI: 1.13-1.28), and the true effect is likely close to this (Fig.
3).

To investigate publication bias with the presented results, a funnel plot was constructed
(Fig. 4), and to formally assess the presence of asymmetry in this plot, the Egger's linear
regression test was performed. The results of this analysis indicate no effect, with no

significant asymmetry in the funnel plot (beta=0.4851; p =0.5067).
3.3 Serrated lesions

The incidence of identified serrated lesions, as indicated in studies that comparatively
assessed total colonoscopy with and without the LCI resource, was reported in eleven
studies [7,16,18-20,22,24,25,27,30,31]. In the analysis of the literature, we observed
favorable outcomes for LCI, with low heterogeneity (1> 0%, p =0.51), however, with no
statistical significance (RR=1.11; 95% CI: 0.86-1.44) (Fig. 5).

3.4 Number of adenomas per patient

Among the selected studies, the number of adenomas per patient was evaluated in nine
clinical trials [16,21,23-26,29-31], including observations from 7,845 patients (3,837 in
the LCI group and 4,008 in the control group with WL) with a greater number of lesions

identified in the groups in which the LCI was used. In the analysis of the average number
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of adenomas per patient, the general average of all studies was 0.26 (95% CI: 0.16-0.37)

more adenomas per patient in the LCI group. The heterogeneity was low (12 28%, p = 0.20)
(Fig. 6).

3.5 Lesion morphology

With regard to lesion morphology, analyses were conducted by differentiating between
flat and non-flat lesions. This analysis was feasible in ten studies [7,18—
21,24,27,28,30,31], yielding results favoring LCI in the detection rate of flat lesions, with
no significance. For non-flat lesions, specifically sessile, pedunculated, and
subpedunculated lesions, the results were not favorable for LCI. Depressed lesions were
not included in the analysis. It is noteworthy that in this analysis the results were not
isolated solely for adenomas, converging towards the macroscopic morphological
characterization of different colonic lesions, primarily based on the Paris Classification
[15]. LCI demonstrated a tendency for superior detection rates for flat lesions when
compared with non-flat lesions. In a comparative exploratory subgroup analysis, also, no

statistically significant results were observed (x?1 =2.62; p=0.11) (Fig. 7).
3.6 Lesion size

We subdivided the observations by using a 5-millimeter size threshold for colonic lesions.
Results for size analyses were identified in seven studies [7,15,19-21,24,30],
demonstrating that, overall, LCI exhibits a trend with no statistical significance for
identification of lesions under 5-millimeter. For larger lesions the results were not favorable
for LCI. In a comparative exploratory subgroup analysis, no statistically significant results
were observed (x?1=2.82; p=0.09) (Fig. 8).

3.7 Lesion localization

In 8 studies [7,20,21,24,27,28,30,31], it was possible to comparatively assess the ADR in
the right and left colon. Proportionally higher values were observed in the right colon (11%
versus 2%). However, these differences were not statistically significant (x*1=0.38;
p =0.54) (Fig. 9).
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3.8 Additional rate of detection of polyps

Three [19,21,22] of the 14 studies selected were a cross-over study and evaluated the
impact of LCI for lesion identification on patients who had already undergone an initial
study with WL. For comparative results, the detection rate of polyps with WL was also
evaluated after initial comparison with LCI alone.

Thus, we see that the additional detection rate between studies is 60% higher for the
group in which a second observation was performed with LCI, compared to WL
(RR=1.99, 95% CI: 1.30-3.06). The heterogeneity observed in the analysis was low (I?
6%, p=0.36) (Fig. 10).

3.9 Withdrawal time

The withdrawal time was interpreted as the removal time after cecal intubation was

achieved. This time was evaluated by comparing the use of LCI or WL.

The LCI group presented a median time 0.14 longer than the other technique, but the
difference is not statistically significant between the methods (RR=0.15, 95% CI: -0.03
to 0.34). Heterogeneity was high (12 = 86%, p=0.10) (Fig. 11).

4. DISCUSSION

LCI is an innovative and promising technological resource that leads to better CRC
screening results, and a growing number of studies are aimed at evaluating and
guantifying its benefits. Pre- and post-processing programs produce higher-quality,
clearer, and sharper images with a unique color pattern that allows neoplastic lesions to
appear prominently with a more reddish color than the rest of the adjacent mucosa. By
increasing the staining contrast and accentuating certain wavelength spectra, these
lesions become more detectable by the examiner [9,10]. Current studies corroborate that
the indiscriminate application of LCI increases the detection of polyps and colonic lesions
across all histologies and sizes. Our meta-analysis consolidates the growing body of

research aimed at assessing and quantifying the benefits of LCI, as evidenced by earlier
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meta-analyses by Shinozaki et al [10], Wang et al [33], and Sun et al [34], which

comprehensively summarized these advantages.

In the evaluation of our primary outcome, although we found results consistent with those
previously reported, which primarily demonstrated an increase in ADR with the addition of
LCI compared with WL, our subgroup analysis for the assessment of secondary outcomes
revealed results that slightly diverged from those previously reported. Overall, although
the results favored LCI, we did not find any statistically significant differences in lesion

location, morphology, size, or histological type.

A comparative sub-analysis of lesion location demonstrated that LCI enabled greater
detection of lesions in the right colon. However, no statistically significant differences were
observed, consistent with the results reported by Wang et al [33], but differs from those
demonstrated by Sun et al [34], who stratified the analyses by comparing lesions detected

in proximal and distal colons.

In addition, we evaluated the effect of LCI on the detection of lesions based on lesion size
and morphology. Although the addition of this feature improved the results, there was no
statistical significance in the detection of flat lesions, with preferentially lateral growth, or
lesions <5 mm. Both types are considered more challenging to visualize using WL alone.
Wang et al [33], using a cutoff point of 10 mm demonstrated that the use of LCI provided
even more pronounced and favorable results for the detection of these lesions. In contrast
to our findings, Sun et al [34], reported statistically significant favorable results for LCI in
the detection of flat lesions. A possible explanation for our discrepant results could be the
more comprehensive inclusion of data in our review, which was approximately twice the
number of studies included in previous reviews. To minimize publication bias, we
attempted to include as many studies as possible, adhering to pre-established selection

criteria.

In addition to the global ADR, we also individually evaluated the detection rate of serrated
lesions, which are often difficult to assess because they present surface patterns similar
to those of the adjacent colonic mucosa [32] accounting for 15-30% of the causes of CRC

[35-38]. The results indicate a potential advantage with the incorporation of virtual
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chromoendoscopy technology; however, in our analysis, the observed differences did not
reach statistical significance, consistent with the findings reported by Wang et al [33], In
contrast to the aforementioned meta-analyses, our study encompassed a broader range
of investigations evaluating the number of serrated lesions. Our comprehensive approach
involved the consideration of crossover study designs, exemplified in the study by Paggi
et al [19], wherein duplicate assessments of colonic mucosa with both WL and LCI
necessitated the inclusion of only lesions detected in the initial examination for proper
statistical comparison. The inclusion of diverse studies beyond those specifically designed
to detect serrated lesions may explain the disparities observed in our results. Our results
are consistent with those reported by Wang et al [33]. Another possible explanation for
the results found, in addition to the inclusion of a greater number of studies, is that serrated
lesions are generally covered by a mucus cap, making it difficult to visualize them
regardless of the technology used. To optimize these strategies, it is suggested that the

mucus cap be removed in advance [39].

In these crossover studies [19,21,22] we observed significant benefits when LCI was used
as an additional tool in patients who had already undergone prior evaluation with WL. This
technology can overcome some of the deficiencies inherent in the conventional method,
which is associated with a higher rate of unnoticed lesions. Instead of evaluating the
adenoma miss rate, we assessed the additional PDR when incorporating LCI and
observed that a second evaluation with the addition of this feature significantly increased
PDR. Additionally, in the analysis of the number of adenomas per patient, we extracted

data from more studies than those included in previously published reviews.

We also evaluated withdrawal time as an additional outcome. The results showed that
despite a slight increase in the time to remove the colonoscope from the cecum when
using LCI, there was no statistical significance in these data. Furthermore, considering
the higher ADR with LCI, the longer procedure duration could be attributed to the

additional time involved in the removal of these lesions.

The main limitations of our study are inherent in the heterogeneity of the included studies

with different designs, populations, multiple indications for colonoscopy, and primary
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outcomes. Altogether, these limitations made it difficult to homogenize the data for
adequate meta-analysis and statistical analysis. Nevertheless, this more comprehensive
approach minimized possible publication bias and provided more robustness to the

outcomes evaluated.

It was concluded that LCI, an increasingly accessible and available technology, should be
seen as a valuable tool in the arsenal of CRC prevention, mainly by reducing the rate of
unnoticed lesions associated with interval CRCs [10], without negatively affecting other
quality indicators in colonoscopy. However, our study stands out from those previously
published by demonstrating that, in subgroup analyses, despite a favorable trend towards

the use of LCI, no statistically significant differences were observed compared with WL.
5. CONCLUSION

It is concluded that LCI, an increasingly accessible and available technology, should be
seen as an important tool in the arsenal of colorectal cancer prevention, mainly reducing
the rate of unnoticed lesions associated with interval neoplasms [10], without negative

impacts in other quality indicators of the colonoscopy examination.
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6. TABLES

Table 1. Search strategy

30

Database Search strategy

PubMed (Colonoscopy OR chromoendoscopy OR quality colonoscopy)
AND (Linked Color Imaging) AND ((polyp detection) OR
(adenoma detection))

BIREME/ (Colonoscopy OR chromoendoscopy OR quality colonoscopy)

LILACS/MEDLINE

SciELO

AND (Linked Color Imaging) AND ((polyp detection) OR
(adenoma detection))

Colonoscopy OR chromoendoscopy OR quality colonoscopy)
AND (Linked Color Imaging) AND ((polyp detection) OR

(adenoma detection)




Table 2. Characteristics of the studies

Author

Min et al.

(21]

Fujimoto et

al. [22]

Yoshida et

al. [18]

Paggy et

al. [19]

Dos Santos
et al. [7]
Lovasz et
al. [23]
Paggy et

al. [29]

Country

China

Japan

Japan

Italy

Brazil

Hungary

Italy

Year

2017

2018

2018

2018

2019

2020

2020

Study

design

RCT

Multi

RCT

Single

RCT

Multi

RCT

Single

RCT
Single
RCT
Single
RCT

Multi

Participants

(n)

141

44

130

600

379

1278

649

Gender

53%

male

45%

male

55%

male

57%

male

37%

male

49.5%

male

50%

male

Mean

age

46.8 +

12.9

63.5+

10.6

659+

14.3

65.0 £

10.2

58.7

51.95

60.8 £

7.3

System

LASEREO

LASEREO

LASEREO

ELUXEO

LASEREO

ELUXEO

LASEREO

Indications

Symptoms,

screening

Screening

after resection

of SSA/P
Screening,
positive FIT
Symptoms,
screening,
positive FIT
Symptoms,

screening

Screening

Screening,

positive FIT

participants

14

31

Colonoscopists



Kudo et al.

(24]

Miyaguchi

et al. [20]

Hasegawa

et al. [25]

Aniwan et

al. [26]

Lietal. [16]

Dos Santos

et al. [27]

Houwen et

al. [30]

Japan

Japan

Japan

Thailand

China

Brazil

Belgium, Italy,
Netherlands,
Poland, Spain,
United

Kingdom

2021

2021

2021

2021

2022

2022

2022

RCT

Single

RCT

Multi

RCT

Single

RCT

Single

RCT
Multi
RCT

Single

RCT

Multi

302

1000

700

1000

884

205

332

51%

male

62%

male

63%

male

35.1%

male

48.6%

male

49%

male

42%

male

63.2 LASEREO Screening
Screening,
65.0 +
LASEREO symptoms,
14.4
positive FIT
66.5 £ Screening,
LASEREO
12.3 symptoms
Primary
63.1 ELUXEO .
screening
colonoscopy
54 +
ELUXEO/LASEREO Screening
10.9
58.8 +
LASEREO Screening
9
Screening in
cohort of
48.4 +
- patients with
141
Lynch
syndrome

20

14

20

11

22

32



Suzuki et

al. [31]

Tanaka et

al. [28]

Japan,
Singapore,
2022
Taiwan, and
Thailand
Japan 2023

RCT

Multi

RCT

Single

3050

594

57%

male

63.4%

male

64.4

53

ELUXEO/LASEREO

LASEREO

33

Screening,
symptoms, 97
positive FIT
Screening,
symptoms, 9

positive FIT



Table 3. Leave-one-out

First author RR 95% CI valor P tau”2 tau "2

Leaving Min [21] 1.2018 (1.1282; 1.2802) < 0.0001 0.0056 0.0748 47.8%
Leaving Yoshida [18] 1.1995 (1.1274; 1.2762) < 0.0001 0.0053 0.0728 42.9%
Leaving Paggy [19] 1.2144 (1.1415; 1.2921) < 0.0001 0.0049 0.0701 39.8%
Leaving Dos Santos [7] 1.1978 (1.1229; 1.2777) < 0.0001 0.0057 0.0756 46.8%
Leaving Lovasz [23] 1.1970 (1.1198; 1.2794) < 0.0001 0.0061 0.0778 46.7%
Leaving Paggy [29] 1.2057 (1.1260; 1.2911) < 0.0001 0.0067 0.0818 47.9%
Leaving Kudo [24] 1.1944 (1.1197; 1.2740) < 0.0001 0.0055 0.0741 45.6%
Leaving Miyaguchi [20] 1.2233 (1.1594; 1.2908) < 0.0001 0.0019 0.0435 24.8%
Leaving Hasegawa [25] 1.2176 (1.1392; 1.3015) < 0.0001 0.0055 0.0742 40.7%
Leaving Aniwan [26] 1.2117 (1.1335; 1.2953) < 0.0001 0.0061 0.0784 46.2%
Leaving Dos Santos [27] 1.1972 (1.1229; 1.2764) < 0.0001 0.0056 0.0748 46.5%
Leaving Houwen [30]  1.1868 (1.1176; 1.2603) < 0.0001 0.0041 0.0638 39.2%
Leaving Suzuki [31] 1.1956 (1.1142; 1.2829) < 0.0001 0.0066 0.0812 41.9%
Leaving Li [16] 1.2069 (1.1279; 1.2915) < 0.0001 0.0065 0.0809 47.8%
Leaving Tanaka [28] 1.1959 (1.1218; 1.2750) < 0.0001 0.0055 0.0742 46.0%
Pooled estimate 1.2028 (1.1302; 1.2800) < 0.0001 0.0054 0.0735 44.0%

34



7. FIGURES

Database search: 279 articles

l

Selection by title and abstract:
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l

PubMed: 258 articles

Bireme/ LILACS: 21 articles

SciELO: 0 article

Selection by eligibility criteria: 16 RCT

Figure 1: Work selection flowchart
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Figure 2: A guantitative analysis comparing linked color imaging (LCI) versus white light
(WL) for the primary outcome: adenoma detection rate (ADR).



Lcl WL Risk of Bias
Study Events Total Events Total Weight RR 95%=Cl Risk Ratio A BCDTETF
Min 2017 2% 7 20 70 15% 1.28 [0.79; 2.07] —t—— ® ' e&s ! !
Yoshida 2018 11 65 4 685 0.3% 2.75 [0.92; 8.19] ® 166 !
Miyaguchi 2021 233 494 235 501 10.1% 1.01 [0.88;1.15] » ® ! @ !
Li 2022 170 441 146 443 7.4% 1.17 [0.98; 1.40] - [ OO X I
Tanaka 2023 107 305 75 289 4.7% 1.35 [1.08; 1.73] - ® ' 6! !
Paggy 2018 88 300 74 300 3.7% 0.92 [0.69; 1.23] —a ® 19066
Dos Santos 2019 74 130 54 125 4.6% 1.32 [1.03;1.69] .- 1 e
Lovasz 2020 190 552 195 726 8.0% 1.28 [1.09; 1.51] -+ ® 1066
Paggy 2020 169 326 141 323  82% 1.19 [1.01; 1.40] L3 ®1 666 1
Kudo 2021 100 152 74 150 6.4% 1.33 [1.09; 1.63] - ® ! aes !
Hasegawa 2021 243 349 222 351 12.1% 1.10 [0.99; 1.22] E ®1 666 1
Aniwan 2021 132 250 119 250 7.5% 1.11 [0.93;1.32] _ ® ! aee !
Dos santos 2021 43 89 37 70 42% 1.34 [1.03;1.76] m— ®1 6661
Houwen 2022 104 169 72 172 59% 1.47 [1.19;1.82] ‘- ® ! aee !
Suzuki 2022 896 1527 711 1523 15.2% 1.26 [1.17; 1.35] ®1 666
&
Random effects model 5200 5358 100.0% 1.20 [1.13; 1.28] $
Heterogeneity: /% = 44%, © = 0.0054, p = 0.03 I I ‘ ‘
Test for overall effect z =582 (p < 0.01) 0.2 0.5 1 2 5 10

Test for subgroup differences: ;(f =023,df=1(p=063)

Risk of bias legend

(A) Bias arising from the randomization process

B) Bias due to deviations from intended interventions
C) Bias due to missing outcome data

) Bias in measurement of the outcome

) Bias in selection of the reported result
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Figure 3: Sensitivity analysis for adenoma detection rate (ADR).
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Figure 4:A funnel plot to investigate publication bias for adenoma detection rate (ADR).
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LCI WL Risk of Bias

Study Events Total Events Total Weight RR 95%-ClI Risk Ratio A B CDEF
Fujimoto 2018 30 87 29 66 226% 0.78 [0.53; 1.17] IL 1@ ® !
Yoshida 2018 1 13 0 5 0.7% 1.22 [0.06; 25.63] ®!'&® 1
Paggy 2018 2018 4 299 6 267 3.8% 0.60 [0.17; 2.09] —a— 1 e
Dos Santos 2019 8 232 2 151 2.6% 2.60 [0.56; 12.09] — 1l @ ® !
Kudo 2021 15 232 9 177 8.4% 1.27 [0.57; 2.84] — Pl @ !
Miyaguchi 2021 17 572 16 482 11.1% 0.90 [0.46; 1.75] —— 1 @&® 1
Hasegawa 2021 19 698 13 632 10.5% 1.32 [0.66; 2.66] — P 1 @ ®
Li 2022 50 252 26 206 20.3% 1.57 [1.02; 2.43] Hll- H 1 & 1
Dos Santos 2021 3 130 2 88 20% 1.02 [0.17; 5.95] Pl eadE !
Houwen 2022 15 190 13 151 10.2% 0.92 [0.45; 1.87] —a— 51 @ !
Suzuki 2022 18 3101 8 2176 7.9% 1.58 [0.69; 3.62] —— ®» ! ®©6 S !
Random effects model 5806 4401 100.0% 1.11 [0.86; 1.44]

Heterogeneity: 1% = 0%, 1 = 0.0330, p = 0.51 ' rr ‘

Test for overall effect: z = 0.84 (p = 0.40) 0.1 051 2 10

Risk of bias legend

(A) Bias arising from the randomization process
B) Bias due to deviations from intended interventions

B
(C)
(D)
(E)
(F)

Overall risk of bias

Bias due to missing outcome data
Bias in measurement of the outcome
Bias in selection of the reported result

Favour WL Favour LCI

Figure 5: A quantitative analysis comparing linked color imaging (LCI) versus white light
(WL) for serrated lesions.

LCI WL Risk of Bias

Study Total Mean SD Total Mean SD Weight MD 95%—ClI Mean Difference A BCDEF
Min 2017 71 098 203 70 0.91 200 22% 0.07 [-0.60; 0.74] 1 &6 ! !
Lovasz 2020 552 064 1.09 726 044 1.04 23.0% 0.20 [0.08;0.32] E B ® ! 6 & !
Paggy 2020 326 1.13 1.58 323 0.99 147 11.9% 0.14 [-0.09; 0.37] ——— 1l @aeaa !
Kudo 2021 152 130 3.10 150 1.00 220 2.6% 0.30 [-0.31; 0.91] — = ® | ®@® & !
Hasegawa 2021 349 168 1.76 351 1.52 1.72 10.5% 0.16 [-0.10; 0.42] - ® 1 606 !
Aniwan 2021 250 1.20 196 250 0.89 1.26 8.9% 0.31 [0.02;0.60] —a— ® ! 6 6 !
Li 2022 441 101 216 443 0.72 154 11.1% 0.29 [0.04; 0.54] —— ' &6 ! !
Houwen 2022 169 065 1.10 172 042 155 9.1% 0.23 [-0.05; 0.51] —— 21 @&
Suzuki 2022 1527 1.48 2.20 1523 1.02 1.63 20.7% 0.46 [0.32; 0.60] i 2l @& !
Random effects model 3837 4008 100.0% 0.26 [ 0.16; 0.37] <=

Heterogeneity: /2 = 28%, v = 0.0079, p = 0.20 I ‘ ‘

Test for overall effect: z =5.15 (p < 0.01) -05 0 05 1

Risk of bias legend

(A) Bias arising from the randomization process
B) Bias due to deviations from intended interventions

(B)
(€)
(D)
(E)
(F)

Overall risk of bias

Bias due to missing outcome data
Bias in measurement of the outcome
Bias in selection of the reported result

Favour WL Favour LCI

Figure 6: A quantitative analysis comparing linked color imaging (LCI) versus white light
(WL) for mean number of adenomas per patient.



LCI WL Risk of Bias
Study Events Total Events Total Weight RR 95%-Cl Risk Ratio A B CDTEF
Morphology = Flat lesions
Min 2017 64 279 19 225  1.3% 2.72 [1.68;4.39] —= ® 1 ®® ! |
Yoshida 2018 8 13 2 5  0.3% 154 [0.45;4.89] ®'&s !
Paggy 2018 56 299 54 267 2.5% 0.93 [0.66: 1.30] —— ® "0 6!
Dos Santos 2019 150 232 113 151 7.9% 0.86 [0.76;0.99] I L N N N I
Kudo 2021 29 232 12 177  08% 1.84 [0.97;3.51] — @& 1 &8s
Miyaguchi 2021 33 572 25 482 12% 1.11 [0.67: 1.84] —— ® "6 1
Dos Santos 2021 72 130 44 88 37% 1.11 [0.85:1.44] . @1 éa®®
Tanaka 2023 57 237 24 154  1.6% 1.54 [1.00:2.38] e ® "6
Houwen 2022 90 190 81 151 4.9% 0.88 [0.72: 1.09] = ® 'S
Suzuki 2022 996 3101 649 2176 10.5% 1.08 [0.99; 1.17] ® 100
Random effects model 5285 3876 34.6% 1.18 [0.95; 1.46] e
Heterogeneity: I* = 73%, t* = 0.0828, p < 0.01
Morphology = Non flat lesions
Min 2017 19 279 10 225 0.6% 1.53 [0.73;3.23] [ BN X
Yoshida 2018 5 13 3 5  03% 064 [0.24:1.73] ®!'&é 1
Paggy 2018 243 299 213 267 105% 1.02 [0.94:1.11] A
Dos Santos 2019 82 232 38 151  2.6% 1.40 [1.01;1.94] @1 @8 ®
Kudo 2021 203 232 165 177 11.5% 0.94 [0.88;1.00] ® 'S0 S
Miyaguchi 20211 500 572 420 482 12.2% 1.00 [0.96; 1.05] 'O !
Dos Santos 2021 40 130 27 83 1.8% 1.00 [0.67;1.51] [ N N N
Tanaka 2023 178 237 122 154 9.1% 0.95 [0.85: 1.06] L JONN N BN
Houwen 2022 95 190 64 151  4.2% 1.18 [0.93: 1.49] [ BN X X B
Suzuki 2022 2051 3101 1475 2176 12.5% 0.98 [0.94: 1.01] L N N B I
Random effects model 5285 3876 65.4% 0.98 [0.96; 1.01]
Heterogeneity” /% = 32%, t° = < 0.0001, p = 0.16
Random effects model 10570 7752 100.0% 1.02 [0.97; 1.09]

Heterogeneity: /° = 61%, ° = 0.0067, p < 0.01
Test for overall effect: z =079 (p =043)
Test for subgroup differences: xf =262, df=1(p=0.11)

Risk of bias legend

(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data

(D) Bias in measurement of the outcome

(E) Bias in selection of the reported result

(F) Overall risk of bias
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Figure 7: A comparative exploratory subgroup analysis for morphology comparing flat

and non-flat lesions.



40

Lcl WL Risk of Bias
Study Events Total Events Total Weight RR 95%=Cl Risk Ratio A BCDTETF
Size =< 5mm
Min 2017 78 279 20 225 5.3% 3.15 [1.99;4.98] ®» ' 66 ! !
Paggy 2018 254 299 228 267 10.3% 0.99 [0.93; 1.07] H 1 &S
Dos Santos 2019 191 232 134 151 10.2% 0.83 [0.85; 1.01] - NN N N N
Kudo 2021 78 232 41 177  7.1% 1.45 [1.05; 2.01] N R
Miyaguchi 2021 336 572 271 482 10.0% 1.04 [0.94; 1.16] ' &S 1
Houwen 2022 154 190 124 151 10.1% 0.99 [0.89; 1.09] ®» ' 666 !
Li 2022 208 252 145 206 10.0% 1.17 [1.06; 1.30] H ' &S ! !
Random effects model 2056 1659 63.2% 1.20 [0.93; 1.55]
Heterogeneity: /% = 85%, t* = 0.1075, p < 0.01
Size => 5mm
Min 2017 5 279 9 225 1.6% 045 [0.15;1.32] ' &S ! !
Paggy 2018 45 299 39 267 6.1% 1.03 [0.89; 1.53] ®» ' 0606 !
Dos Santos 2019 41 232 17 151  4.6% 1.57 [0.93; 2.66] SN N
Kudo 2021 154 232 136 177 9.9% 0.86 [0.76; 0.98] ®» 1 666 !
Miyaguchi 2021 197 572 174 482 9.4% 0.85 [0.81; 1.12] ®» ! &6 ! !
Houwen 2022 36 190 25 151  5.3% 1.14 [0.72; 1.82] ! &aHe !
Random effects model 1804 1453 36.8% 0.94 [0.84; 1.06]
Heterogensity: 12 = 38%, 1% = 0.0045, p = 0.15
Random effects model 3860 3112 100.0% 1.10 [0.95; 1.28]

Heterogensity: /2 = 77%, t* = 0.0656, p < 0.01
Test for overall effect: z = 1.25 (p = 0.21)
Test for subgroup differences: xf =2.82,dfi=1(p=0.09)

Risk of bias legend

(A) Bias arising from the randomization process

(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data

(D) Bias in measurement of the outcome

(E) Bias in selection of the reported result

(F) Overall risk of bias

I
0.2

05 1 2
Favour WL Favour LCI

|
5

Figure 8: A comparative exploratory subgroup analysis for size comparing lesions under
and larger than 5 millimeters.
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LCI WL Risk of Bias
Study Events Total Events Total Weight RR 95%=CI Risk Ratio A BCDETF
Min 2017 8 279 3 225 0.8% 2.15 [0.58;8.01] - [ IO N N
Dos Santos 2019 103 232 55 151 6.6% 1.22 [0.94; 1.57] il [ IO X N I
Kudo 2021 168 232 93 177 8.0% 1.38 [1.17;1.62] ® 3 [ N N N I
Miyaguchi 2021 125 572 130 482 7.2% 0.81 [0.65;1.00] [ JOAN N BN
Dos Santos 2021 65 130 38 88 6.0% 1.16 [0.86; 1.56] [ IO N N I
Tanaka 2023 42 187 32 134 4.6% 0.94 [0.63;1.41] ®'HS !
Houwen 2022 73 190 45 151  5.9% 1.29 [0.95; 1.75] [ N N N I
Suzuki 2022 868 3101 610 2176 8.9% 1.00 [0.91; 1.09] & ! &
Min 2017 44 279 16 225 3.3% 2.22 [1.29;3.82) ® 166
Dos Santos 2019 76 232 47 151 6.0% 1.05 [0.78; 1.42] [ N X N
Kudo 2021 B84 232 84 177 6.6% 0.58 [0.45;0.75] [ N N N I
Miyaguchi 2021 259 572 184 482 8.2% 1.19 [1.03;1.37] ® 166 !
Dos Santos 2021 47 130 33 88 5.2% 0.96 [0.68;1.37] &1 aeaes
Tanaka 2023 121 187 75 134  7.7% 1.16 [0.96; 1.39] ® 1661
Houwen 2022 60 190 53 151 5.9% 0.90 [0.67;1.22] ® 1666
Suzuki 2022 1091 3101 796 2176 9.0% 0.96 [0.89; 1.03] [ N X N
Random effects model 9846 7168 100.0% 1.06 [0.94; 1.20]
Heterogeneity: 12 = 75%, 1° = 0.0417, p < 0.01 ‘ f f f f I
Test for averall effect: z = 0 92 (p = 0.36) 0.2 0.5 1 2 5 10
Test for subgroup differences: x? =0.38,df=1(p =0.54) Favour WL Favour LCI

Risk of bias legend

(A) Bias arising from the randomization process

B) Bias due to deviations from intended interventions
C) Bias due to missing outcome data

) Bias in measurement of the outcome

) Bias in selection of the reported result

) Overall risk of bias
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Figure 9: A comparative exploratory subgroup analysis for location comparing lesions in
right and left colon.
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LCI WL Risk of Bias

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight A B C D E F
Min 2017 22 279 12 225 —— 148 [075292] 07% & ! & ! 1 |
Fujimoto 2018 11 87 3 66 —®8—— 278 [081;957] 121% & 1 & | & !
Paggi 2018 34 299 13 267 —— 234 [126;433] 483% & | & | & !
Random effects model 67 665 28 558 = 1.99 [1.30; 3.06] 100.0%
Heterogeneity: 1 = 0%, ©°= 0, p = 0.53 ' ' ' '
Test for overall effect: z = 3.14 (p < 0.01) 02 05 1 2 5

Favour WL Favours LCI
Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended intervention
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall

Figure 11: Additional rate of detection of polyps.
LCl wL Risk of Bias

Study Total Mean SD Total Mean SD Mean Difference MD 95%=Cl Weight A B C D E F
Min 2017 71 1130 140 70 10.20 230 L —a— 110 [047;173] 51% @ | @& &
Fujimoto 2018 22 523 140 22 557 1.97 — = -0.34 [-1.35, 067] 26% B ! @B S
Paggi 2018 300 7.10 040 300 7.30 0.60 -020[-028;-012] 128% & 1 @& S D
Dos Santos 2019 130 10.89 043 125 10.60 0.20 029 [021;037] 128% @ | @82 ®
Lovasz 2020 552 856 230 726 823240 . 3 033 [007; 059 104% ®& | #82 & &
Paggi 2020 326 870 590 323 8.70 6.20 — . 000 [-093; 093] 30% S ! @B S
Kudo 2021 152 10.80 500 150 9.80 6.00 — 100 [-025; 225 18% & 1 &#&@& &
Miyaguchi 2021 494 1120 10.80 501 10.90 8.24 H—— 030 [-089; 149] 20% ® ! @@ ®
Hasegawa 2021 349 612 065 351 6.15 055 -003 [-012; 006] 128% @& ! BB S
Aniwan 2021 250 8.73 2.01 250 8.37 2.24 il 037 [-001; 074] 85% B ! @B S S
Dos Santos 2021 69 10.60 551 70 11.10 470 i -050 [-2.20; 1.20] 11% ® 1 &S S
Li 2022 441 760 220 443 750 2.30 - 010 [-020; 040] 98% ® ! B2 ®
Houwen 2022 160 12.33 524 172 1133 523 = 100 [-013;213] 22% @ ! @B S
Suzuki 2022 1527 8.20 4.40 1523 8.40 5.40 - -020 [-055;0.15] 89% B ! @E BB
Tanaka 2023 305 9.30 3.20 289 9.30 3.40 —— 000 [-053; 053] 62% B 1 & B D
Random effects model 5148 5315 0.15 [-0.03; 0.34] 100.0%
Heterogeneity: /2= 86%, 1° = 0.0661, p < 0.01 f f f
Test for overall effect: z = 1.65 (p = 0.10) -2 -1 0 1

Favour WL Favours LCI

Figure 101: Withdrawal time.



