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ABSTRACT
Objective Despite regular colonoscopy surveillance, 
colorectal cancers still occur in patients with Lynch 
syndrome. Thus, detection of all relevant precancerous 
lesions remains very important. The present study 
investigates Linked Colour imaging (LCI), an image- 
enhancing technique, as compared with high- definition 
white light endoscopy (HD- WLE) for the detection of 
polyps in this patient group.
Design This prospective, randomised controlled 
trial was performed by 22 experienced endoscopists 
from eight centres in six countries. Consecutive Lynch 
syndrome patients ≥18 years undergoing surveillance 
colonoscopy were randomised (1:1) and stratified by 
centre for inspection with either LCI or HD- WLE. Primary 
outcome was the polyp detection rate (PDR).
Results Between January 2018 and March 2020, 
357 patients were randomised and 332 patients 
analysed (160 LCI, 172 HD- WLE; 6 excluded due to 
incomplete colonoscopies and 19 due to insufficient 
bowel cleanliness). No significant difference was 
observed in PDR with LCI (44.4%; 95% CI 36.5% 
to 52.4%) compared with HD- WLE (36.0%; 95% CI 
28.9% to 43.7%) (p=0.12). Of the secondary outcome 
parameters, more adenomas were found on a patient 
(adenoma detection rate 36.3%; vs 25.6%; p=0.04) and 
a colonoscopy basis (mean adenomas per colonoscopy 
0.65 vs 0.42; p=0.04). The median withdrawal time was 
not statistically different between LCI and HD- WLE (12 vs 
11 min; p=0.16).
Conclusion LCI did not improve the PDR compared 
with HD- WLE in patients with Lynch syndrome 
undergoing surveillance. The relevance of findings more 
adenomas by LCI has to be examined further.
Trial registration number NCT03344289.

INTRODUCTION
Lynch syndrome is an autosomal dominant cancer 
predisposition syndrome. It is caused by a patho-
genic gene variant in one of the DNA mismatch 
repair (MMR) protein genes (MLH1, MSH2, MSH6 
or PMS2) or by deletions in the 3′ region of the 

EpCAM gene.1 Individuals with Lynch syndrome 
are at risk of early- onset colorectal cancer (CRC) 
and have a high cumulative lifetime risk of CRC 
that ranges from 15% to 70% by the age of 70.2–5 
The prevalence of polyps in patients with Lynch 
syndrome does not seem to be higher than in the 
general population, but the microsatellite instable 
pathway to CRC seems to be accelerated in 
comparison with most sporadic CRC cases. Patients 
with Lynch syndrome have reported dwell times 
as low as 3–3.5 years compared with 10–15 years 
in sporadic CRCs.6 7 Therefore, it is apparent that 

Significance of this study

What is already known on this subject?
 ► Despite regular colonoscopic surveillance, 
interval colorectal cancers still occur relatively 
frequently in patients with Lynch syndrome.

 ► One possible explanation could be that these 
cancers develop from missed polyps with a 
rapid adenoma- carcinoma sequence.

 ► Linked Colour imaging (LCI), a push- button 
image- enhancing technique, has been 
demonstrated to increase the detection of 
polyps compared with white light endoscopy 
(WLE) in the average- risk population.

What are the new findings?
 ► LCI did not improve the polyp detection rate 
compared with high- definition WLE in patients 
with Lynch syndrome undergoing surveillance, if 
performed by experienced endoscopists.

 ► LCI resulted in an increase in adenoma 
detection without extending withdrawal time.

How might it impact on clinical practice in the 
foreseeable future?

 ► When performed by experienced endoscopists, 
LCI is increasing adenoma detection and might 
therefore be of benefit for Lynch syndrome 
surveillance.
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regular colonoscopy surveillance, usually 2 yearly, is of utmost 
importance.5 8

It is well known that a significant number of adenomas are 
missed during colonoscopy. Back- to- back studies reveal an 
adenoma miss rate that ranges between 12% and 62% in the 
Lynch syndrome population.9 Among other reasons, these 
missed adenomas may progress rapidly to (interval) cancer in 
patients with Lynch syndrome.10 11 Recent publications report 
risks of CRC up to 46% in patients under surveillance illus-
trating the importance of optimising surveillance for patients 
with Lynch syndrome.4 11

Besides basic endoscopic quality skills, such as optimal with-
drawal technique and position changes of the patient, advanced 
imaging techniques may also be able to reduce the number of 
missed polyps during colonoscopy.12 Advanced imaging tech-
niques can be divided in two distinct forms: conventional chro-
moendoscopy (dye- based CE) and virtual chromoendoscopy 
(virtual CE). Virtual CE is easily activated by pushing a button 
on the endoscope and is based on a modification of the reflec-
tance by either changing the incident wavelength or selection 
of wavelengths incident on the sensor. Based on the current 
evidence, the European Society of Gastrointestinal Endoscopy 
has recently recommended to make use of high- definition (HD) 
equipment in patients with Lynch syndrome, and suggests that 
advanced imaging techniques such as virtual CE may be of addi-
tional benefit.13

Linked Colour imaging (LCI) is a new advanced imaging tech-
nique (HDTV, 7000 System, Fujifilm Tokyo, Japan). This tech-
nique uses both preprocessing narrow band filter irradiation and 
postprocessing colour technology that separates acquired images 
into red, green and blue. The separated colours are reallocated 
and adjusted to enhance the colour contrast between polyps and 
the surrounding normal mucosa. Data on LCI for the detection 
of colorectal lesions are preliminary but promising.14–19

To this date, no study has assessed LCI for polyp detection 
in patients with Lynch syndrome. The aim of this study was to 
assess if LCI is superior to HD- white light endoscopy (WLE) 
for the detection of polyps during surveillance colonoscopy of 
patients with Lynch syndrome.

PATIENT AND METHODS
Study design and setting
This prospective, randomised controlled trial compared polyp 
detection rates (PDRs) of LCI with HD- WLE in a cohort of 
patients with Lynch syndrome in eight centres in Belgium, Italy, 
the Netherlands, Poland, Spain and the United Kingdom. The 
study is reported in accordance with the Consolidated Stan-
dards of Reporting Trials statement for reporting randomised 
controlled trials.20

Patients
Consecutive eligible patients undergoing endoscopic surveillance 
for Lynch syndrome were approached for inclusion in this trial. 
Patients were considered eligible if they were aged 18 or older 
and had been diagnosed with a pathogenic gene variant in one 
of the MMR genes (MLH1, MSH2, MSH6, PMS2) or deletions 
in the 3′ region of the EpCAM gene. Exclusion criteria included 
surveillance colonoscopy within 1 year of the current examina-
tion, colonoscopy planned for the evaluation of symptoms, total 
proctocolectomy, known colonic neoplasia (referred patients), 
or a concurrent diagnosis of (serrated) polyposis syndrome or 
inflammatory bowel disease. Eligible patients were informed 
about the study aims, procedures and potential risks by the 

endoscopist or research nurse. After sufficient time to consider 
participation, written informed consent was obtained. Personal 
data were codified and registered in a secured online database ( 
www. castoredc. nl, Castor Electronic Data Capture, Amsterdam, 
the Netherlands).

Endoscopists and endoscopy equipment
At each centre, participating endoscopists had extensive experi-
ence (>2000 colonoscopies), were familiar with virtual chromo-
endoscopy and performed already surveillance in patients with 
Lynch syndrome. At the start of the study, participating endos-
copists had performed at least 10 procedures with the Fujifilm 
7000 system. Both arms used the Fujifilm 7000 system (Fujifilm, 
Tokyo, Japan) which consists of four different wavelength light- 
emitted diodes as light sources, a processor and special scope 
series developed by Fujifilm (EC- 760ZP and EC- 760R, Fuji-
film, Tokyo, Japan). HD monitor output was used for both arms 
placed at appropriate viewing distances at the discretion of the 
endoscopist.

Randomisation and allocation concealment
After signing informed consent, patients were stratified by centre 
and allocated randomly to undergo colonoscopy with either LCI 
or HD- WLE in a 1:1 ratio. Randomisation was performed by 
an independent computer- generated random numbers program ( 
www. castoredc. nl, Castor Electronic Data Capture, Amsterdam, 
the Netherlands), with online access for all participating centres. 
Randomisation was performed prior to the start of the proce-
dure by the endoscopist or research coordinator. Patients with a 
Boston Bowel Preparation Scale (BBPS)21 <6 or an incomplete 
colonoscopy were excluded from the study. Pathologists were 
blinded for the endoscopic technique as well as the optical diag-
nosis of the lesions detected during colonoscopy.

Endoscopic procedure and histopathology
All patients were prepared with osmotic laxatives according to 
the local hospital protocol. The procedures were performed 
under conscious sedation using intravenous midazolam and 
fentanyl or deep sedation with propofol at the discretion of the 
endoscopist and patient. Carbon dioxide insufflation was used 
for all procedures. The endoscope was advanced to the cecum 
with the endoscope set in the HD- WLE mode. Cecal intuba-
tion was confirmed by identification of the appendiceal orifice, 
ileocecal valve, intubation of the terminal ileum or the ileocolic 
anastomosis in patients with previous right hemicolectomy. On 
reaching the cecum, the quality of the bowel preparation was 
assessed using the BBPS.21 Butylscopolamine could be admin-
istered at the discretion of the endoscopist. When the patient 
was allocated to LCI, the imaging mode was switched to LCI for 
endoscopic inspection during withdrawal of the endoscope. All 
detected lesions were classified according to the Paris morpho-
logical classification.22 The size and the location of the lesion 
in the colon was noted. Endoscopists could use LCI, blue light 
imaging and HD- WLE to assess each lesion. Subsequently, the 
lesion was removed using standard polypectomy techniques. 
Per polyp, a unique histopathology container was used. The 
rectum was inspected in the retroflex position prior to extuba-
tion. Obvious hyperplastic lesions of 1–5 mm in the rectosig-
moid could be left in situ at the discretion of the endoscopist. 
When the patient was allocated to HD- WLE, inspection on with-
drawal was performed using HD- WLE in the same procedural 
steps as described earlier. Procedure time was defined as the 
time from endoscope insertion to extraction through the anus. 
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The extubation time was defined as the time spent on inspection 
(withdrawal time), including time for cleaning of the bowel and 
the time spent on polypectomy (intervention time). All adverse 
events (AEs) related to the study intervention were recorded in 
the electronic case report form.

At each centre, an experienced gastrointestinal pathologist 
was designated to this study. Histological samples were collected 
in paraffin and processed using standard procedures. Histolog-
ical findings were reported according to the Vienna classifica-
tion of gastrointestinal neoplasia.23 As stated in the latest update 
of the WHO classification system, sessile serrated lesions were 
defined as serrated lesions with at least two irregular, dilated 
crypts, including dilatation of the base of the crypts that often 
have a boot, L- shape or inverted T- shape.24 Advanced adenoma 
was defined as an adenoma ≥10 mm, with villous morphology, 
or with high- grade dysplasia. Lesions located proximal to the 
splenic flexure were defined as proximal lesions. Hyperplastic 
polyps and sessile serrated lesions were grouped as serrated 
lesions.

Study outcomes and definitions
As all detected polyps are of clinical relevance in patients with 
Lynch syndrome, the primary outcome measure of the study 
was the PDR of HD- WLE and LCI. PDR was defined as the 
number of patients with at least one polyp detected. Diminutive 
hyperplastic lesions in the rectosigmoid, lesions not retrieved 
for pathology and histopathology outcomes as normal mucosa, 
lipomas, lymphoid aggregates, non- specific chronic inflamma-
tion inflammatory lesions were excluded for polyp detection 
comparisons. Hyperplastic polyps in the rectosigmoid were 
excluded for polyp comparisons as data have shown these polyps 
are harmless.25 Secondary outcome measures were the propor-
tion of patients with at least one adenoma (adenoma detection 
rate (ADR)), the mean number of polyps, adenomas and serrated 
polyps per patient; median procedure and extubation times.

Sample size calculation
The required sample size was calculated by using a two- group 
χ2 test with 80% power and 0.05 two- sided alpha significance 
level. Based on the outcomes of the last two HD- WLE colonos-
copies of 100 patients with Lynch syndrome at the Amsterdam 
UMC, we assumed an average PDR of 25% with HD- WLE, 
after excluding 1–5 mm hyperplastic polyps in the rectosigmoid. 
We hypothesised that the PDR of 25% using HD- WLE would 
increase to 40% using LCI, again excluding 1–5 mm hyperplastic 
polyps in the rectosigmoid. With these parameters, 332 patients 
were required to detect a statically significant difference in the 
PDR. Considering a dropout rate of 5% (ie, poor bowel prepa-
ration or incomplete cecum intubation) the sample size required 
was 348 patients.

Statistical methods
Descriptive statistics are used to describe patient, colonoscopy 
and polyp characteristics. Variables are reported as mean in case 
of continuous and normally distributed variables, as median 
with a 25th and 75th percentile (P25–P75) in case of non- 
normally distributed continuous variables, and as a number with 
a percentage in case of count or categorical variables. Compari-
sons between continuous variables were performed by Student’s 
t- tests or Mann- Whitney U tests for normal and asymmetric 
distributions, respectively. Categorical variables were compared 
by χ2 tests. The analysis of the primary outcome, the PDR, was 
performed on a superiority basis, examining the difference 

between HD- WLE and LCI. The Pearson χ2 test was used for 
the analysis of polyp detection. The relative risk ratio (RR) was 
calculated for dichotomous outcomes and presents the detec-
tion rate in the LCI group relative to detection rate in HD- WLE 
group, along with its 95% CI. Secondary dichotomous outcomes 
were analysed on a per- patient basis in an equivalent way to the 
primary outcome. For the number of lesions per patient (eg, 
polyps), the data were assumed to follow the negative binomial 
distribution, as it did not fit the Poisson distribution well due 
to overdispersion (ie, the variance was much greater than the 
mean). A negative binomial regression was used to compare 
between groups. Incidence rate ratios (IRRs) were calculated 
for continuous outcomes and present the number of lesions per 
patient in LCI group relative to the number of lesions per patient 
in the HD- WLE group, along with its 95% CI. A sensitivity anal-
ysis for the polyp detection study outcomes was performed to 
adjust for stratification per centre. For lesion detection rates, 
this was performed using a generalised linear model assuming 
a binomial distribution and a log link function. For the number 
of lesions, negative binomial regression was used again. In some 
cases, outcome data could not be obtained because the polyp was 
lost for histopathology or the histopathology result was missing. 
Missing outcome data were not replaced and excluded from the 
analysis. All outcomes were analysed on an intention- to- treat 
basis, which included all randomised patients except those with 
no data available (ie, incomplete colonoscopy or inadequate 
bowel preparation). Analyses were performed in statistical soft-
ware R (V.3.6.1) using the reshape2, lme4 (glm) and MASS ( glm. 
nb) packages. P values less than 0.05 were considered statisti-
cally significant.

Patient and public involvement and role of the funding source
The participating sites have been periodically monitored by the 
research team in collaboration with a senior Clinical Research 
Associate of the Clinical Research Unit of the Amsterdam 
UMC. Patients or the public were not involved in the design, 
conduct, or reporting, or dissemination plans of our research. 
Fuijifilm Europe GmbH provided research equipment on loan 
for this study and an unrestricted research grant that supported 
a research fellow to help execute the study. The sponsor had 
no role in the trial design, execution, data analysis, interpreta-
tion, decision to submit the paper or manuscript preparation. All 
authors had access to all study data and reviewed and approved 
the final manuscript.

RESULTS
Between January 2018 and March 2020, 476 patients with 
Lynch syndrome were assessed for eligibility of which 357 
patients were randomised to undergo inspection with either LCI 
or HD- WLE. Figure 1 shows the flowchart. Nineteen patients 
were excluded because of poor bowel preparation (BBPS <6) and 
six patients because of incomplete colonoscopy. After excluding 
these patients, 332 patients were included; 160 in the LCI group 
and 172 in the HD- WLE group. A total of 22 endoscopists from 
eight centres participated in the study. The number of colonos-
copies per centre ranged from 15 to 81. No AEs related to the 
study intervention were reported.

Baseline characteristics for patients who completed the trial 
were similar (table 1). The mean age of all participants was 
48.4 years (SD 14.1), 141 (42%) were men and 72 (22%) had 
a personal history of CRC. In both groups the most common 
mutation type was MSH2, followed by MSH6 and MLH1 and 
PMS2; only two EpCAM mutation carriers were included. The 
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median time since the previous surveillance colonoscopy was 17 
months (13–24). First- time colonoscopies were performed in 
42 (13%) of the patients. Of the 290 patients who had already 
undergone one or more colonoscopies before inclusion, 72 
(22%) had neoplasia detected during the previous colonoscopy. 
Characteristics of the study procedures are shown in table 2.

In total, 341 lesions were identified in the 332 patients (table 3). 
Of these lesions, 16 (5%) were not retrieved for histology and 33 
(10%) were reported as normal mucosa or other non- neoplastic 
lesions (eg, inflammatory lesions). Of the 292 remaining lesions, 
5 (2%) were carcinomas, 176 (54%) were adenomas, 28 (9%) 
were sessile serrated lesions, 79 (24%) were hyperplastic 
polyps and 4 (1%) were traditional serrated adenomas. After 
excluding 35 diminutive hyperplastic polyps in the rectosigmoid 
a remaining total of 257 histologically confirmed polyps were 
included for analysis. With HD- WLE five adenocarcinomas were 
detected, whereas with LCI no carcinomas were detected. All 

detected carcinomas were flat (Paris classification IIa or IIb) and 
located in the proximal colon. Sizes ranged from 6 to 35 mm. 
Patient characteristics of the patients with carcinomas found are 
shown in online supplemental file 1. Figure 2 shows images of 
a 4 mm and 10 mm flat elevated adenoma photographed with 
HD- WLE (A and C) and with LCI (B and D).

Primary outcome
Analysis for the primary and secondary outcomes are summarised 
in tables 4 and 5. The overall PDR was 40.1% (95% CI 34.7% 
to 45.6%). No significant difference was observed between the 
PDR with LCI (44.4%; 95% CI 36.5% to 52.4%) and HD- WLE 
(36.0%; 95% CI 28.9% to 43.7%) (RR 1.23, 95% CI 0.95 to 
1.60, p=0.12).

Secondary outcomes
The overall ADR with LCI (36.3%; 95% CI 28.8% to 44.2%) 
was significantly higher compared with HD- WLE (25.6%; 95% 
CI 19.2% to 32.9%) (RR=1.42, 95% CI 1.02 to 1.96, p=0.04). 
With LCI, a significantly higher proportion of patients had 
proximal adenomas (28.1% vs 18.6%; p=0.04) and ≤5 mm 
adenomas (32.5% vs 22.1%; p=0.03) compared with HD- WLE. 
For flat adenomas, adenomas >5 mm, serrated polyps, proximal 
serrated polyps, sessile serrated lesions and hyperplastic polyps 
no statistically significant differences were observed between 
groups. No significant difference in advanced adenoma detec-
tion rate and carcinoma detection rate was observed between 
the two groups (Fisher exact test). The mean number of polyps 
per patient was significantly higher with LCI compared with 
HD- WLE (0.94 (SD 1.40) vs 0.62 (SD 1.14); IRR 1.51, 95% CI 
1.05 to 2.16, p=0.03). The mean number of adenomas detected 
per patient was also significantly higher for LCI compared with 
HD- WLE (0.65 (SD 1.11) vs 0.42 (SD 0.92); IRR 1.55, 95% CI 
1.02 to 2.35, p=0.04). This difference was due to a significant 
increase in the mean number of proximal adenomas per patient 

Table 2 Colonoscopy characteristics
Linked Colour 
imaging (N=160)

High- definition white- light 
endoscopy (N=172)

P value (two- 
sided)

Boston Bowel Preparation 
Scale

9 (6–9) 9 (7–9) 0.82

Gloucester Comfort Score 1 (1–2) 1 (1–2) 0.83

Sedation 0.82

  None 7 6

  Midazolam or fentanyl, 
or both

69 73

  Propofol 80 93

Butylscopolamine 30 (19%) 22 (13%) 0.18

Colonoscopies per centre 1.00

  Centre 1 39 42

  Centre 2 31 38

  Centre 3 22 23

  Centre 4 19 19

  Centre 5 19 19

  Centre 6 15 16

  Centre 7 7 8

  Centre 8 8 7

Procedure time in minutes 23 (17–31) 22 (16–28) 0.44

Caecal intubation time in 
minutes

7 (5–10) 7 (5–10) 0.99

Extubation time in minutes 15 (10–21) 13 (9–19) 0.09

Withdrawal time in minutes 12 (9–16) 11 (8–15) 0.16

Intervention time in minutes 1 (0–5) 0 (0–4) 0.39

Data are n (%), n or median (P25–P75).

Figure 1 Consolidated Standards of Reporting Trials patient flowchart. 
LCI, linked colour imaging.

Table 1 Baseline characteristics

Linked colour 
imaging
(N=160)*

High- definition 
white light 
endoscopy 
(N=172)*

Age in years 49.6 (14.4) 47.32 (13.8)

Male gender 74 (46%) 67 (39%)

Time since diagnosis in years 5 (2–10) 6 (2–9)

Type pathogenic gene variant

  MLH1 37 (24%) 39 (23%)

  MSH2 63 (39%) 66 (38%)

  MSH6 35 (22%) 43 (25%)

  PMS2 24 (15%) 23 (14%)

  Epcam 1 (0%) 1 (0%)

History of colorectal cancer 35 (22%) 37 (22%)

Surveillance interval in months 17 (12–25) 18 (13–24)

Number of previous colonoscopies

  0 20 (13%) 22 (13%)

  1 24 (15%) 25 (15%)

  2+ 116 (72%) 125 (72%)

Neoplasia detected during previous 
colonoscopy

36 (23%) 36 (21%)

Data are n (%), n, mean (SD) or median (P25–P75).
*The baseline characteristics for patients who completed the trial were not 
statically different.
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(0.46 vs 0.26; p=0.02) and the mean number of diminutive 
adenomas per patient (0.54 vs 0.34; p=0.04) detected with LCI 
compared with HD- WLE. No differences in the mean number of 
serrated polyps, the mean number of flat adenomas, adenomas 
>5 mm, advanced adenomas, serrated polyps, proximal serrated 
polyps and the mean number of sessile serrated lesions per 
patient were detected between the two groups. In the subgroup 
of patients with a history of CRC surgery, no statistically signifi-
cant differences in polyp/adenoma detection rate were observed 
between LCI and HD- WLE (online supplemental file 2).

Results from the sensitivity analyses to adjust for stratification 
per centre resulted in similar outcomes and are shown in online 
supplemental file 3. Online supplemental file 4 shows the wide 
variation in the PDRs and ADRs of the individual centres. In 
line with the overall increase in ADR with LCI compared with 
HD- WLE, LCI increased the adenoma detection rate in six of the 
eight individual centres.

The median procedure and withdrawal times were not signifi-
cantly different between LCI and HD- WLE; 23 min (17–31) 

versus 22 min (16–28) (p=0.44) and 12 min (P25–P75; 9–16) 
versus 11 min (8–15) (p=0.16), respectively (table 2).

DISCUSSION
This is the first international multicentre randomised controlled 
trial comparing LCI to HD- WLE for polyp detection in Lynch 
surveillance by experienced endoscopists. Although LCI did not 
significantly improve the total PDR, use of LCI resulted in an 
increase of the polyp detection overall by finding more polyps 
per patient. This increase was reflected by a clinically rele-
vant increase in the ADR and the mean number of adenomas 
detected per patient, especially those that are proximally located 
or diminutive. In doing so, LCI did not extend the procedural 
or withdrawal time compared with HD- WLE. Hence, LCI is a 
non- invasive way of improving adenoma detection without any 
additional cost.

In this study, we observed no significant difference in the total 
PDR, which might be due to our sample size calculations, which 
was based on the assumption that the proportion of patients 
with Lynch syndrome with at least one polyp detected would 
be around 25% using HD- WLE, increasing to 40% when using 
LCI. In the current study, the actual proportion of patients with 
at least one polyp detected using HD- WLE was higher than 
expected: 36.0%. The reason for the unexpected high PDR 
with HD- WLE may be that all procedures were performed by 
dedicated endoscopists, while the sample size expectation was 
based on the last two colonoscopies of 100 patients with Lynch 
syndrome at the Amsterdam UMC, outside of a study envi-
ronment. In the latter situation, part of the colonoscopies was 
performed by less experienced endoscopists. Furthermore, the 
Hawthorne effect may have occurred; endoscopists might put 
more effort in examining the colon than usual when they are 
aware that they are being monitored.26

Although no significance difference in the total PDR was 
observed, the present study did show that LCI detected more 
polyps per patient, reflected by a significance difference in 
mean number of polyps per patient. Many of these polyps 
were adenomas and this explains why the adenoma detection 
rate is significantly different and PDR is not. LCI detected a 
10% higher proportion of patients with at least one adenoma 
compared with HD- WLE (36.3% vs 25.6%), a difference that 
was statistically significant (p=0.04). This means that 10 LCI 

Table 3 Characteristics of the detected lesions

Linked Colour 
imaging (N=160)

High- definition 
white light 
endoscopy 
(N=172)

All lesions 190 151

Size

  ≤5 mm 154 (81%) 124 (82%)

  6–9 mm 24 (13%) 15 (10%)

  ≥10 mm 12 (6%) 10 (7%)

  Missing 0 (0%) 2 (1%)

Location

  Caecum 22 (12%) 16 (11%)

  Ascending* 51 (27%) 29 (19%)

  Transverse 41 (22%) 32 (21%)

  Descending† 25 (13%) 21 (14%)

  Sigmoid 35 (18%) 32 (21%)

  Rectum 16 (8%) 21 (14%)

Morphology, by Paris classification

  Pedunculated (Ip) 4 (2%) 1 (0%)

  Sub- pedunculated (Isp) 0 (0%) 0 (0%)

  Sessile (Is) 91 (48%) 63 (42%)
  Flat or flat elevated (IIa or IIb) 90 (47%) 81 (54%)

  Depressed (IIc) 0 (0%) 0 (0%)

  Missing 5 (3%) 6 (4%)

Histopathology

  CRColorectal cancer 0 (0%) 5 (3%)

  Adenoma 104 (54%) 72 (48%)

  High- grade dysplasia 3 2

  Villous features 0 0

  Sessile serrated lesion 15 (8%) 13 (9%)

  Dysplasia 0 0

  Traditional serrated adenoma 4 (2%) 0 (0%)

  Hyperplastic polyp 40 (21%) 39 (26%)

  Normal mucosa 15 (8%) 12 (8%)

  Other non- neoplastic 5 (3%) 1 (0%)

  Not retrieved/not resected 7 (4%) 9 (6%)

Data are n or n (%).
*Includes hepatic flexure.
†Includes splenic flexure.
CRC, colorectal cancer.

Figure 2 Images of a 4 mm and 10 mm flat elevated adenoma with 
high- definition white light endoscopy (A and C) and corresponding 
Linked Colour imaging (B and D).
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procedures are required to detect one additional patient with at 
least one adenoma that would not be detected with HD- WLE. 
Moreover, the mean number of adenomas per colonoscopy did 
significantly differ between the LCI group and the HD- WLE 
group (0.65 vs 0.42, p=0.04). This increase in adenoma detec-
tion might be clinically relevant because we know that in the 
general population an increase in adenoma detection leads to a 
reduction in CRC incidence and mortality.27 28 In patients with 
Lynch syndrome, with a 7.9% 10 year cumulative incidence of 
PCCRC, this association was not directly proven.29 However, it 
was shown that a high quality colonoscopy is associated with an 
increased adenoma detection.29–31 Besides, an inverse association 
between colonoscopy quality and the risk of post colonoscopy 
CRC (PCCRC) in the subsequent colonoscopy was found.29–31 29 
Therefore, since LCI is a non- invasive way to improve adenoma 
detection without additional costs, these technique might be 
clinically relevant for these high- risk patients.

This is in line with the results of a recent meta- analysis in the 
average- risk population.18 This meta- analysis showed that LCI 

increased the PDR and ADRcompared with WLE (61.4% vs 
51.7%; RR 1.16; 95% CI 1.09 to 1.25; p<0.001 and 43.6% 
vs 33.5%; RR 1.26; 95% CI 1.14 to 1.39; p<0.001, respec-
tively). The ADR and the mean number of adenomas per patient 
detected by HD- WLE in this study were 25.6% and 0.42, 
respectively, comparable to those reported in a large multicentre 
randomised controlled trial in patients with Lynch syndrome 
(28.1% and 0.52).32 Hence, also in this study the higher detec-
tion of adenomas with LCI seems not be attributed to a lower 
detection rate with HD- WLE.

The increased detection of adenomas with LCI was partic-
ularly reflected by a significant increase in detection of prox-
imal and diminutive adenomas compared with HD- WLE. This 
suggests that an additional population of adenomas is being 
detected, of which their size and location makes them difficult 
to detect with HD- WLE alone. These additional diminutive and 
proximal adenomas are clinically relevant in Lynch syndrome, 
since the adenoma- carcinoma sequence is accelerated in patients 
with Lynch syndrome, and proximal adenomas might be more 

Table 4 Polyp detection rates

Linked Colour imaging 
(N=160)

High- definition white light endoscopy 
(N=172)

Risk ratio
(two- sided 95% CI)

P value
(two- sided)

Polyps† 71 (44.4%) 62 (36.0%) 1.23 (0.95 to 1.60) 0.12

Adenomas 58 (36.3%) 44 (25.6%) 1.42 (1.02 to 1.96) 0.04*

Advanced adenomas 7 (4.4%) 8 (4.6%) 0.94 (0.35 to 2.43) 1.00‡

Flat adenomas§ 27 (16.9%) 20 (11.6%) 1.45 (0.85 to 2.48) 0.18

≤5 mm adenomas 52 (32.5%) 38 (22.1%) 1.47 (1.03 to 2.11) 0.03*

>5 mm adenomas 12 (7.5%) 12 (7.0%) 1.09 (0.50 to 2.32) 0.85

Proximal adenomas¶ 45 (28.1%) 32 (18.6%) 1.51 (1.01 to 1.51) 0.04†

Serrated polyps 28 (17.5%) 24 (14.0%) 1.25 (0.76 to 2.07) 0.38

Sessile serrated lesions 11 (6.9%) 12 (7.0%) 0.98 (0.45 to 2.17) 0.97

Proximal serrated polyps¶ 18 (11.3%) 17 (9.9%) 1.14 (0.61 to 2.13) 0.69

Hyperplastic polyps 17 (10.6%) 15 (8.7%) 1.21 (0.63 to 2.36) 0.56

Data are n (%).
*p<0.05, **p<0.01.
†1–5 mm hyperplastic polyps in the rectosigmoid, normal mucosa, other non- neoplastic lesions and lesions not retrieved for pathology were excluded.
‡P value was calculated using Fisher’s exact test instead of χ2 test since the expected values in any cells of contingency table were below 10.
§Morphology 0- IIa, 0- IIb, or IIc according to Paris classification.
¶Proximal to splenic flexure.

Table 5 Mean number of polyps per patient

Linked Colour imaging (N=160)
High- definition white light endoscopy 
(N=172)

Incidence rate ratio (two- sided 
95% CI)

P value
(two- sided)

Polyps† 0.94 (1.40) 0.62 (1.14) 1.51 (1.05 to 2.16) 0.03*

Adenomas 0.65 (1.11) 0.42 (0.92) 1.55 (1.02 to 2.35) 0.04*

Advanced adenomas 0.06 (0.28) 0.05 (0.25) 1.07 (0.37 to 3.15) 0.89

Flat adenomas‡ 0.28 (0.75) 0.19 (0.63) 1.47 (0.76 to 2.84) 0.26

≤5 mm adenomas 0.54 (1.00) 0.34 (0.76) 1.58 (1.02 to 2.46) 0.04*

>5 mm adenomas 0.10 (0.40) 0.07 (0.29) 1.41 (0.60 to 3.30) 0.43

Proximal adenomas§ 0.46 (0.92) 0.26 (0.63) 1.78 (1.10 to 2.88) 0.02*

Serrated polyps 0.29 (0.76) 0.17 (0.49) 1.64 (0.90 to 3.00) 0.10

Sessile serrated lesions 0.09 (0.39) 0.08 (0.29) 1.24 (0.52 to 2.95) 0.63

Proximal serrated polyps§ 0.17 (0.55) 0.10 (0.33) 1.61 (0.79 to 3.29) 0.19

Hyperplastic polyps 0.17 (0.60) 0.10 (0.34) 1.71 (0.79 to 3.69) 0.17

Data are mean (SD).
*p<0.05, **p<0.01.
†1–5 mm hyperplastic polyps in the rectosigmoid, normal mucosa or other non- neoplastic lesions (eg, inflammatory polyps) and lesions not retrieved for pathology were 
excluded.
‡Morphology 0- IIa, 0- IIb, or IIc according to Paris classification.
§Proximal to splenic flexure.
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prone to rapid malignant transformation compared with distal 
adenomas.6 7 Though it is necessary to be cautious with drawing 
conclusions based on secondary outcomes, our consistent find-
ings suggest that LCI seems of benefit to adenoma detection in 
patients with Lynch syndrome.

Compared with the average- risk population, some studies 
have reported a high proportion of adenomas with high- grade 
dysplasia and villous features in Lynch syndrome, particularly in 
the proximal colon.7 33 In our sample of 173 adenomas, only 5 
(3%) contained high- grade dysplasia and none contained villous 
features. This may reflect the effectiveness of intensive modern 
endoscopic surveillance, as results similar to ours were seen 
in a recent detection study of Lynch syndrome surveillance.34 
However, still five adenocarcinomas were detected. The five 
adenocarcinomas (2%) reported in our study were all flat (IIa or 
IIB) and proximally located. The surveillance intervals of these 
patients ranged from 12 to 14 months, suggesting that some of 
these lesions or its precursors might have been missed during a 
previous colonoscopy. Strikingly, all carcinomas were detected 
in the HD- WLE group for which we have no good explanation 
other than coincidence.

Apart from LCI, other advanced endoscopic imaging tech-
niques have been assessed for polyp detection for Lynch 
syndrome surveillance. A meta- analysis of individual patient 
data of randomised controlled trials compared adenoma detec-
tion using dye- based CE and WLE in Lynch syndrome.35 In 
this study, dye- based CE did not increase ADR compared with 
HD- WLE (CE 30.8% vs HD- WLE 27.0%, p=0.42), but did 
increase extubation time. We can therefore conclude that the 
additional value of dye- based CE in adenoma detection is rather 
marginal, taking into account the non- significance in the meta- 
analysis. Three single- centre randomised cross- over studies were 
performed with virtual CE techniques (narrow band imaging, 
I- SCAN, autofluorescence imaging endoscopy), all documenting 
a benefit of virtual CE over WLE for adenoma and polyp detec-
tion.36–38 Our study clearly adds to the existing evidence that 
virtual CE helps detecting lesions in these high- risk patients. 
In addition, recent breakthroughs in artificial intelligence have 
shown potential to assist endoscopists with polyp detection in 
the near future.

This study is the first randomised trial showing that LCI is 
able to significantly increase adenoma detection compared with 
HD- WLE in patients with Lynch syndrome. Strengths of our 
study are that colonoscopies were of high quality, performed 
by 22 experienced endoscopists from eight international hospi-
tals, and LCI and HD- WLE were consecutively performed 
in a random order. Data on polyp detection, procedure times 
and bowel preparation scores were prospectively recorded, 
ensuring accurate ldata collection of high- quality colonos-
copies. We therefore believe that our results are reliable for 
daily clinical practice. However, potential limitations of this 
study must be acknowledged. Most importantly, the actual 
PDR with HD- WLE was higher than our initial assumption 
(36% vs 25%), resulting in a non- significant difference in our 
primary outcome (ie, type II error). With current knowledge, 
sample size calculations for future studies would include higher 
numbers of patients compared with our study. However, at 
the design stage of our study, HD- WLE technique was not yet 
thoroughly assessed for polyp detection in patients with Lynch 
syndrome. Another limitation of the study is that we did not 
standardise colonoscopy procedures between centres, such as 
use of sedatives, analgesics and antispasmodics. As this is a large 
randomised controlled trials and baseline characteristics were 
similar between the two techniques, we believe these factors 

did not confound the comparison. Furthermore, some endosco-
pists did more study colonoscopies than others, possibly intro-
ducing a learning curve for LCI during the study. To minimise 
this learning curve, participating endoscopists were required to 
have done at least 10 procedures with LCI before the start of the 
study. We have especially taken care that participating endos-
copists had extensive experience (>2000 colonoscopies), were 
familiar with virtual chromoendoscopy and performed already 
surveillance in patients with Lynch syndrome. This potentially 
limits the generalisability of our findings. On the other hand, 
one can argue that only experienced (ie, high detectors) should 
perform endoscopic surveillance in high- risk CRC populations. 
Finally, since it is impossible to conceal the technique being used 
from endoscopists, there is an unavoidable observer bias as in 
every clinical study with an advanced imaging technique. The 
wide variation in baseline detection rates with WLE combined 
with the largest difference with LCI might suggests this type of 
bias. However, no difference in withdrawal time was observed 
between LCI and HD- WLE.

In summary, in this randomised controlled trial performed in 
an expert setting, LCI did not increase the proportion of patients 
with at least one polyp detected compared with HD- WLE in 
patients with Lynch syndrome. However, since LCI improved 
adenoma detection without additional withdrawal time or addi-
tional costs, it might still be valuable for surveillance of patients 
with Lynch syndrome.
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Supplementary 1: Characteristics of the five patients with a carcinoma detected 

 
Case 1 Case 2 Case 3 Case 4 Case 5 

Age, gender 61, male 49, female 54, male 55, male 63, female 

Type pathogenic gene variant MSH2 MLH1 MSH2 MLH1 MSH2 

Surveillance interval in months 12 12 14 12 13 

Neoplasia detected during previous colonoscopy No No Yes  No No 

History of colorectal cancer No No Yes Yes Yes 

Tumour size in mm 6 26 10 35 15 

Tumour location Ascending Caecum Hepatic flexure Hepatic flexure Ascending 

Tumour morphology Flat elevated Flat Flat elevated Flat elevated Flat elevated 

Tumour stage I I I III I 
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Supplementary 2: Sensitivity analyses for polyp detection outcomes in patients with previous surgery due to 

colorectal cancer (A) and more specific for patients with previous right (extended) hemicolectomy (B) 

 

A. Patients with previous surgery due to colorectal cancer 

 

 Linked Colour 

imaging 

(N=35) 

High-definition 

white-light 

endoscopy (N=37) 

Risk ratio 

(2-sided 95% CI) 

P-value 

(2-sided) 

Polyp detection rates     

Polyps a 14 (40%) 18 (49%) 0.82 (0.49-1.39) 0.46 

Adenomas 12 (34.3%) 12 (32.4%) 1.06 (0.55-2.03) 0.87 

Mean number of polyps per patient 

  Incidence Rate Ratio 

(2-sided 95% CI) 

P-value 

(2-sided) 

Polyps a 0.91 (1.52) 0.89 (1.33) 1.03 (0.49-2.13) 0.95 

Adenomas 0.74 (1.38) 0.62 (1.11) 1.19 (0.49-2.90) 0.69 

 

B. Patients with previous right (extended) hemicolectomy 

 

 Linked Colour 

imaging 

(N=15) 

High-definition 

white-light 

endoscopy (N=14) 

Risk ratio 

(2-sided 95% CI) 

P-value (2-

sided) 

Polyp detection rates     

Polyps a 4 (26.7%) 5 (35.7%) 0.75 (0.25-2.23) 0.61 

Adenomas 2 (13.3%) 3 (21.4%) 0.62 (0.12-3.19) 0.57 

Mean number of polyps per patient 

  Incidence Rate Ratio 

(2-sided 95% CI) 

P-value 

(2-sided) 

Polyps a 0.53 (1.06) 0.43 (0.65) 1.24 (0.33-4.76) 0.75 

Adenomas 0.27 (0.80) 0.29 (0.61) 0.93 (0.13-6.60) 0.94 

 

a1-5 mm hyperplastic polyps in the rectosigmoid, normal mucosa, other non-neoplastic lesions and lesions not 

retrieved for pathology were excluded. bMorphology 0-IIa, 0-IIb, or IIc according to Paris classification. cProximal 

to splenic flexure. *P < 0.05, **P < 0.01. CI: confidence interval 
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Supplementary 3: Sensitivity analysis for polyp detection outcomes adjusted by centre 

 

 Linked Colour 

imaging 

(N=160) 

High-definition 

white-light 

endoscopy (N=172) 

Risk ratio^  

(2-sided 95% CI) 

P-value^ 

(2-sided) 

Polyp detection rates     

Polyps a 71 (44.4%) 62 (36.0%) 1.21 (0.92-1.58) 0.14 

Adenomas 58 (36.3%) 44 (25.6%) 1.68 (1.03-2.77) 0.04* 

Flat adenomasb 27 (16.9%) 20 (11.6%) 1.53 (0.80-2.95) 0.20 

≤ 5 mm adenomas 52 (32.5%) 38 (22.1%) 1.44 (1.00-2.07) 0.04* 

Proximal adenomasc 45 (28.1%) 32 (18.6%) 1.48 (1.00-2.22) 0.05* 

Serrated polyps 28 (17.5%) 24 (14.0%) 1.22 (0.73-2.05) 0.42 

Mean number of polyps per patient 

  Incidence Rate Ratio 

(2-sided 95% CI) 

P-value^ 

(2-sided) 

Polyps a 0.94 (1.40) 0.62 (1.14) 1.48 (1.05-2.10) 0.03* 

Adenomas 0.65 (1.11) 0.42 (0.92) 1.55 (1.03-2.32) 0.03* 

Flat adenomas b 0.28 (0.75) 0.19 (0.63) 1.64 (0.87-3.10) 0.12 

≤ 5 mm adenomas 0.54 (1.00) 0.34 (0.76) 1.58 (1.03-2.43 0.04* 

Proximal adenomas c 0.46 (0.92) 0.26 (0.63) 1.82 (1.13-2.91) 0.01* 

Serrated polyps 0.29 (0.76) 0.17 (0.49) 1.51 (0.84-2.70) 0.17 

 

Data are n(%) or mean (SD) . a1-5 mm hyperplastic polyps in the rectosigmoïd, normal mucosa, other non-

neoplastic lesions and lesions not retrieved for pathology were excluded. bMorphology 0-IIa, 0-IIb, or IIc 

according to Paris classification. cProximal to splenic flexure. ^Adjusted for center. *
P < 0.05, **

P < 0.01. CI: 

confidence interval. 
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Supplementary 1: Characteristics of the five patients with a carcinoma detected 

 
Case 1 Case 2 Case 3 Case 4 Case 5 

Age, gender 61, male 49, female 54, male 55, male 63, female 

Type pathogenic gene variant MSH2 MLH1 MSH2 MLH1 MSH2 

Surveillance interval in months 12 12 14 12 13 

Neoplasia detected during previous colonoscopy No No Yes  No No 

History of colorectal cancer No No Yes Yes Yes 

Tumour size in mm 6 26 10 35 15 

Tumour location Ascending Caecum Hepatic flexure Hepatic flexure Ascending 

Tumour morphology Flat elevated Flat Flat elevated Flat elevated Flat elevated 

Tumour stage I I I III I 
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Supplementary 2: Sensitivity analyses for polyp detection outcomes in patients with previous surgery due to 

colorectal cancer (A) and more specific for patients with previous right (extended) hemicolectomy (B) 

 

A. Patients with previous surgery due to colorectal cancer 

 

 Linked Colour 

imaging 

(N=35) 

High-definition 

white-light 

endoscopy (N=37) 

Risk ratio 

(2-sided 95% CI) 

P-value 

(2-sided) 

Polyp detection rates     

Polyps a 14 (40%) 18 (49%) 0.82 (0.49-1.39) 0.46 

Adenomas 12 (34.3%) 12 (32.4%) 1.06 (0.55-2.03) 0.87 

Mean number of polyps per patient 

  Incidence Rate Ratio 

(2-sided 95% CI) 

P-value 

(2-sided) 

Polyps a 0.91 (1.52) 0.89 (1.33) 1.03 (0.49-2.13) 0.95 

Adenomas 0.74 (1.38) 0.62 (1.11) 1.19 (0.49-2.90) 0.69 

 

B. Patients with previous right (extended) hemicolectomy 

 

 Linked Colour 

imaging 

(N=15) 

High-definition 

white-light 

endoscopy (N=14) 

Risk ratio 

(2-sided 95% CI) 

P-value (2-

sided) 

Polyp detection rates     

Polyps a 4 (26.7%) 5 (35.7%) 0.75 (0.25-2.23) 0.61 

Adenomas 2 (13.3%) 3 (21.4%) 0.62 (0.12-3.19) 0.57 

Mean number of polyps per patient 

  Incidence Rate Ratio 

(2-sided 95% CI) 

P-value 

(2-sided) 

Polyps a 0.53 (1.06) 0.43 (0.65) 1.24 (0.33-4.76) 0.75 

Adenomas 0.27 (0.80) 0.29 (0.61) 0.93 (0.13-6.60) 0.94 

 

a1-5 mm hyperplastic polyps in the rectosigmoid, normal mucosa, other non-neoplastic lesions and lesions not 

retrieved for pathology were excluded. bMorphology 0-IIa, 0-IIb, or IIc according to Paris classification. cProximal 

to splenic flexure. *P < 0.05, **P < 0.01. CI: confidence interval 
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Supplementary 3: Sensitivity analysis for polyp detection outcomes adjusted by centre 

 

 Linked Colour 

imaging 

(N=160) 

High-definition 

white-light 

endoscopy (N=172) 

Risk ratio^  

(2-sided 95% CI) 

P-value^ 

(2-sided) 

Polyp detection rates     

Polyps a 71 (44.4%) 62 (36.0%) 1.21 (0.92-1.58) 0.14 

Adenomas 58 (36.3%) 44 (25.6%) 1.68 (1.03-2.77) 0.04* 

Flat adenomasb 27 (16.9%) 20 (11.6%) 1.53 (0.80-2.95) 0.20 

≤ 5 mm adenomas 52 (32.5%) 38 (22.1%) 1.44 (1.00-2.07) 0.04* 

Proximal adenomasc 45 (28.1%) 32 (18.6%) 1.48 (1.00-2.22) 0.05* 

Serrated polyps 28 (17.5%) 24 (14.0%) 1.22 (0.73-2.05) 0.42 

Mean number of polyps per patient 

  Incidence Rate Ratio 

(2-sided 95% CI) 

P-value^ 

(2-sided) 

Polyps a 0.94 (1.40) 0.62 (1.14) 1.48 (1.05-2.10) 0.03* 

Adenomas 0.65 (1.11) 0.42 (0.92) 1.55 (1.03-2.32) 0.03* 

Flat adenomas b 0.28 (0.75) 0.19 (0.63) 1.64 (0.87-3.10) 0.12 

≤ 5 mm adenomas 0.54 (1.00) 0.34 (0.76) 1.58 (1.03-2.43 0.04* 

Proximal adenomas c 0.46 (0.92) 0.26 (0.63) 1.82 (1.13-2.91) 0.01* 

Serrated polyps 0.29 (0.76) 0.17 (0.49) 1.51 (0.84-2.70) 0.17 

 

Data are n(%) or mean (SD) . a1-5 mm hyperplastic polyps in the rectosigmoïd, normal mucosa, other non-

neoplastic lesions and lesions not retrieved for pathology were excluded. bMorphology 0-IIa, 0-IIb, or IIc 

according to Paris classification. cProximal to splenic flexure. ^Adjusted for center. *
P < 0.05, **

P < 0.01. CI: 

confidence interval. 
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