
Introduction
In recent decades, remarkable developments in endoscopic
imaging such as magnifying endoscopy and image-enhanced
endoscopies (IEEs) have brought about improvements in the
qualitative and quantitative diagnoses of colorectal lesions [1–
3].

Magnifying endoscopy with blue laser imaging (ME-BLI) and
narrow-band imaging (ME-NBI) have been reported to be useful
for differentiating neoplastic and non-neoplastic colorectal le-
sions and estimating the depth of colorectal carcinoma [4–7].
Recently, the Japan Narrow-band imaging Expert Team (JNET)
classification was proposed and validated for the evaluation of
colorectal lesions and currently provides unified diagnostic
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ABSTRACT

Background and study aims The Japan Narrow-band

imaging (NBI) Expert Team (JNET) classification was pro-

posed for evaluating colorectal lesions. However, it remains

unknown whether the JNET classification can be applied to

magnifying endoscopy with image-enhanced endoscopies

other than NBI. This study aimed to compare the diagnostic

ability of JNET classification by magnifying endoscopy with

blue laser imaging (ME-BLI) and with ME-NBI.

Patients and methods We retrospectively assessed con-

secutive patients diagnosed per the JNET classification by

ME-BLI (BLI group) or ME-NBI (NBI group) between March

2014 and June 2017. We compared the diagnostic value of

JNET classification between the groups with one-to-one

propensity score matching.

Results Four hundred and seventy-one propensity score-

matched pairs of lesions were analyzed. In the BLI and NBI

groups, the overall diagnostic accuracies were 92.1% and

91.7%, respectively, and those for differentiating between

neoplastic and non-neoplastic polyps were 96.6% and

96.8%, respectively. The positive predictive value by each

JNET classification in BLI vs. NBI group was 90.6% vs. 96.2%

in Type 1, 94.3% vs. 94.6% in Type 2A, 57.7% vs. 42.3% in

Type 2B, and 100% vs. 91.7% in Type 3. The negative predic-

tive value was 97.0% vs. 96.9% in Type 1, 88.1% vs. 82.8% in

Type 2A, 98.0% vs. 98.2% in Type 2B, and 98.5% vs. 98.7%

in Type 3. No statistical difference in the diagnostic results

was found between the groups.

Conclusions The diagnostic ability of the JNET classifica-

tion by ME-BLI and ME-NBI was comparable, with the former

also applicable for diagnosis of colorectal lesions.
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criteria for the prediction of pathological results by magnifying
endoscopy with IEEs [8, 9]. However, the JNET classification was
originally developed using endoscopic findings by ME-NBI;
thus, it is unclear whether the JNET classification is applicable
to magnifying endoscopy with other IEEs.

BLI is another prevailing IEE, which uses a laser light source
that can obtain bright and clear images [10]. ME-BLI has been
reported to be useful for the optical diagnosis of colorectal le-
sions by recognizing the microvessels and surface structures of
the lesions [6, 7], and this diagnostic process is the same as the
ME-NBI according to the JNET classification. Therefore, we hy-
pothesized that the JNET classification by ME-BLI would give
comparable diagnostic value for colorectal lesions to validated
JNET classification by ME-NBI.

This retrospective study aimed to investigate the diagnostic
ability of JNET classification by ME-BLI for colorectal lesions and
compare it with ME-NBI.

Patients and methods
Patients

Clinical data from consecutive patients with colorectal lesions
endoscopically diagnosed by ME-BLI or ME-NBI who underwent
endoscopic or surgical resection at the National Cancer Center
Hospital East from March 2014 to June 2017 were analyzed. The
protocol was approved by the medical ethics committee of our
hospital and written informed consent for diagnosis and treat-
ment was obtained from all the patients before the procedures.
The study was performed in accordance with the ethical princi-
ples based on the Declaration of Helsinki.

Endoscopic system and settings

We used high-resolution optical magnifying endoscopes (EC-
L590ZP, EC-L600ZP, EC-L600ZP7, Fujifilm Co, Tokyo, Japan;
PCF-Q240ZI, PCF-Q260AZI, PCF-H290ZI, Olympus Medical Sys-
tems, Tokyo, Japan) and video processors (LASEREO, Fujifilm
Co, Tokyo, Japan; EVIS LUCERA ELITE, Olympus Medical Sys-
tems, Tokyo, Japan). The BLI and NBI settings were fixed at sur-
face structure enhancement level B-6 and A-8 and at an adap-
tive index of color enhancement levels C2 and C3, respectively.
The patients were inspected by either LASEREO or EVIS LUCERA
ELITE system. The abbreviation of BLI has been used for blue la-
ser imaging as well as blue light imaging, which was also devel-
oped by Fujifilm Co. and uses light-emitting diode (LED) light as
the light source instead of LASER light [11]. In this study, we no-
ted BLI as blue laser imaging by LASER light.

Endoscopic procedure

For bowel preparation, 1 to 2 L of polyethylene glycol solution
was administered on the morning of the colonoscopy. Scopo-
lamine butylbromide (10mg) or glucagon (0.5mg) was admi-
nistered in the absence of contraindications, and midazolam
(0.03mg/kg) and/or pethidine hydrochloride (35mg) were
used for conscious sedation only when a patient complained of
discomfort or pain. If a polyp was found, it was diagnosed by
either ME-BLI or ME-NBI before resection.

Histopathological examination

All resected specimens were retrieved and immediately fixed in
10% buffered formalin solution and examined histologically
using hematoxylin and eosin staining. One clinical pathologist
made the histological diagnosis according to the classification
system of the World Health Organization [12]. In this study,
deep submucosal invasive cancer (T1b) was defined as a tumor
with a vertical submucosal invasion length ≥1000 μm, and shal-
low submucosal invasive cancer (T1a) was defined as a tumor
with a vertical submucosal invasion length <1000μm.

Evaluation of findings by ME-BLI and ME-NBI

Endoscopists (ME-NBI diagnosis of > 500 cases over 5 years) di-
agnosed the colorectal lesions with ME-NBI or ME-BLI and re-
corded their diagnoses before resection. Then, another experi-
enced endoscopist blinded to the pathological results reevalu-
ated all the lesions by assessing still images taken with ME-IEE.
For lesions with ME-NBI, the diagnosis was given according to
the JNET classification. Concerning lesions with ME-BLI, endos-
copists adopted the concept of JNET classification and provided
diagnosis by evaluating the microvessels and surface structures
of the lesions. The typical correspondence between still images
and JNET classification by ME-BLI is shown in ▶Fig. 1. When the
diagnosis between the endoscopists who recorded the real-
time diagnosis and another endoscopist who reevaluated still

Typ 1

a b

c d

Typ 2A

Typ 2B Typ 3

▶ Fig. 1 Representative colorectal lesions diagnosed by magnifying
endoscopy with blue laser imaging based on JNET classification.
a JNET Type 1 is defined as lesions with an invisible vessel pattern
and surface pattern similar to the surrounding normal mucosa.
b JNET Type 2A is defined as lesions with regular caliber and dis-
tribution in vessel pattern and regular surface pattern. c JNET Type
2B is defined as lesions with variable caliber and irregular distri-
bution in vessel pattern and irregular surface pattern. d JNET Type
3 is defined as lesions with loose vessel areas (vessel pattern) and
amorphous areas (surface pattern).
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images differed, the final JNET diagnosis was decided after full
consideration by another two experts.

Study outcomes

We analyzed the relationship between the JNET classification
and the histopathological diagnosis and compared the diagnos-
tic results between the BLI and the NBI groups in the propensity
score-matched cohort. We judged the JNET diagnosis to be ac-
curate when the lesions diagnosed as Type 1 were hyperplastic
polyps (HP) or sessile serrated lesions (SSL), lesions diagnosed
as Type 2A were low-grade dysplasia (LGD), lesions diagnosed
as Type 2B were high-grade dysplasia (HGD) or shallow submu-
cosal invasive cancer (T1a), and lesions diagnosed as Type 3
were deep submucosal invasive cancer (T1b). In this study,
non-neoplastic polyps are defined as HP or SSL, and neoplastic
polyps are defined as histology other than HP or SSL. We com-
pared the following three items between each group: (1) the
overall accuracy of the JNET classification; (2) the diagnostic ac-
curacy of differentiating between neoplastic and non-neoplas-
tic polyps; and (3) positive predictive value (PPV) and negative
predictive value (NPV) for each type of JNET classification.

Statistical analysis

We performed a one-to-one matching analysis between the BLI
group and the NBI group on the basis of estimated propensity
scores of each lesion [13, 14]. The propensity score approach
addresses the selection bias that is inherent in retrospective ob-
servational studies such as the present study. Application of
propensity score matching involved estimating the propensity
score followed by matching of lesions in accordance with their
estimated propensity score and comparison of outcomes in the
matched lesions. To estimate the propensity score, we fitted a
logistic regression model for the examination of ME-BLI as a
function of clinicopathological factors of lesions including mac-
roscopic type, lesion size, lesion location, and histological find-
ings. Greedy matching (based on the estimated propensity
score) was performed on the logit of the propensity score with
a caliper width of 0.2 times the pooled standard deviation (SD)
of the logit of the propensity scores for the cohort. Balance be-
tween the BLI group and the NBI group was assessed by calcu-
lating standard differences for which a difference of less than
0.10 was considered to indicate good balance. Nominal and or-
dinal variables were expressed as frequencies and percentages.
Continuous variables (age and lesion size) are expressed as
mean and SD. The t-test was used to compare the mean values
of the two groups. Fisher’s exact test or the Pearson χ2 test was
used to analyze the categorical data and compare the propor-
tions. All statistical tests were two-tailed, and significance was
defined as P<0.05.We performed all statistical analyses with
EZR (Saitama Medical Center, Jichi Medical University, Saitama,
Japan), which is a graphical user interface for R (The R Founda-
tion for Statistical Computing, Vienna, Austria) [15].

Results
Clinicopathological characteristics of colorectal
lesions in the BLI and NBI groups

We analyzed 246 patients with 499 lesions in the BLI group and
808 patients with 1459 lesions in the NBI group after excluding
lesions that could not be evaluated due to poor image quality
(37 lesions in the BLI group and 60 lesions in the NBI group).
By one-to-one propensity score matching, 471 pairs of the BLI
group and NBI group were selected. ▶Fig. 2 shows the distribu-
tions of propensity scores in the unmatched and the matched
group. The clinicopathological features of each group in the un-
matched and matched cohort are shown in ▶Table1. In the un-
matched cohort, significant differences were found in the mac-
roscopic type, the average size of lesions, and the proportion of
histological findings between the BLI and the NBI groups. In the
matched cohort, no significant differences were found be-
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▶ Fig. 2 Distributions of propensity scores in the original (top) and
propensity score-matched cohort (bottom).
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tween the BLI group and the NBI group. In addition, all stand-
ardized differences in the matched cohort were less than 0.10.

Relationship between JNET classification and
histology in the BLI group and the NBI group
in the matched cohort

The diagnostic agreement rates between the endoscopists who
recorded the real-time diagnosis for colorectal lesions and the
endoscopist who re-evaluated still images of the lesions were
96.8% in BLI group and 96.0% in NBI group. The relationship be-
tween the JNET classification by either ME-BLI or ME-NBI and
histopathological diagnosis in the matched cohort are shown
in ▶Table 2. Histologically, majority of Type 1 lesions were
identified as hyperplastic polyp/sessile serrated lesion (HP/SSL)
in both groups (90.6% in BLI group and 96.2% in NBI group). Si-
milarly, majority of Type 2A lesions and Type 3 lesions were
identified as LGD (94.3% in BLI group and 94.6% in NBI group)
and T1b (100% in BLI group and 91.7% in NBI group), respec-
tively. On the other hand, various histological types were in-
cluded in Type 2B lesions in which LGD, HGD, T1a, and T1b
were identified in 19.2%, 46.2%, 11.5%, and 23.1% patients,
respectively, in BLI group and 38.5%, 34.6%, 7.7%, and 19.2%
patients, respectively, in NBI group.

Comparison of diagnostic ability between ME-BLI
and ME-NBI in the matched cohort

The diagnostic results of JNET classification between the BLI
group and the NBI group in the matched cohort are shown in

▶Table 3 and ▶Table 4. The overall accuracy of the JNET clas-

sification was comparable between the BLI and the NBI groups
(92.1% vs. 91.7%, P=0.905). Furthermore, the diagnostic ac-
curacy of differentiating between neoplastic and non-neoplas-
tic polyps was also comparable between the BLI group and the
NBI group (96.6% vs. 96.8%, P=1.000). The PPV by each type
of JNET classification in the BLI group vs. NBI group was 90.6%
vs. 96.2% in Type 1, 94.3% vs. 94.6% in Type 2A, 57.7% vs.
42.3% in Type 2B, and 100% vs. 91.7% in Type 3. The NPV in
the BLI group vs. NBI group was 97.0% vs. 96.9% in Type 1,
88.1% vs. 82.8% in Type 2A, 98.0% vs. 98.2% in Type 2B, and
98.5% vs. 98.7% in Type 3.No statistical differences were
found in PPV and NPV between the BLI and the NBI groups.

Discussion
This retrospective study used a large cohort with a propensity
score matching and provided the first evidence that the diag-
nostic value of ME-BLI based on the JNET classification is com-
parable to that of the ME-NBI in terms of the accuracy of the
qualitative and quantitative diagnosis of the colorectal lesions.
Our study showed that the overall diagnostic accuracy of the
JNET classification was approximately 90% by both ME-BLI and
ME-NBI, and notably, the diagnostic accuracy for differentiat-
ing between the neoplastic and non-neoplastic polyps was
over 95% by both modalities. This result not only suggests the
compatibility of ME-BLI and ME-NBI in the JNET classification-
based diagnosis but also emphasizes the high performance of
the JNET classification for the diagnosis of colorectal lesions.

▶Table1 Clinicopathological features of each group in the original and propensity score-matched cohort.

Original cohort Propensity score-matched cohort

BLI group NBI group P value SD BLI group NBI group P value SD

Lesions 499 1459 – – 471 471 – –

Macroscopic type, number (%)

▪ Polypoid 321 (64.5) 843 (57.8) 0.011 0.049 299 (63.5) 293 (62.2) 0.736 0.01

▪ Non-polypoid 178 (35.5) 616 (42.2) 172 (36.5) 178 (37.8)

▪ Lesion size (mm, mean± SD) 7.9 ± 9.02 10.2 ±11.3 < 0.001 0.23 7.97±9.14 7.91±9.56 0.92 0.006

Lesion location, number (%)

▪ Right-sided colon 279 (55.9) 844 (57.8) 0.482 0.014 277 (58.8) 272 (57.7) 0.792 0.008

▪ Left-sided colon 163 (32.7) 472 (32.4) 0.941 0.002 154 (32.7) 157 (33.3) 0.89 0.005

▪ Rectum 57 (11.4) 143 (9.8) 0.344 0.018 40 (8.5) 42 (8.9) 0.908 0.005

Histological findings, number (%)

▪ HP/SSL 65 (13.0) 103 (7.1) < 0.001 0.86 42 (8.9) 39 (8.3) 0.816 0.008

▪ LGD 394 (78.9) 1111 (76.1) 0.23 0.03 389 (82.6) 396 (84.1) 0.6 0.014

▪ HGD 21 (4.1) 90 (6.2) 0.14 0.034 21 (4.5) 17 (3.6) 0.62 0.016

▪ T1a 3 (0.5) 27 (1.9) 0.079 0.046 3 (0.6) 2 (0.4) 1 0.01

▪ T1b 16 (3.6) 128 (8.8) < 0.001 0.077 16 (3.4) 17 (3.6) 1 0.004

HP, hyperplastic polyp; SSL, sessile serrated lesion; LGD, low-grade dysplasia; HG, high-grade dysplasia.
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To date, several IEEs such as NBI, i-Scan (Pentax Co., Tokyo,
Japan), and BLI have been developed for the evaluation of colo-
rectal lesions [16]. BLI is a unique IEE in that its system uses
semiconductor laser as the light source instead of a xenon

lamp as used by other systems. Although the system is differ-
ent, BLI is designed to visualize the microvessels and surface
structures with high contrast by arranging the ratio of blue light
laser (wave length 410±10nm) over white light laser (wave

▶Table 2 Relationship between JNET classification and histological diagnosis of each group in the matched cohort.

JNET n (%) Histological findings

classification HP/SSL LGD HGD T1a T1b

BLI group

▪ Type 1  32 (100) 29 (90.6)   3 (9.4) – – –

▪ Type 2A 404 (100) 13 (3.2) 381 (94.3)  9 (2.2) –  1 (0.2)

▪ Type 2B  26 (100) –   5 (19.2) 12 (46.2) 3 (11.5)  6 (23.1)

▪ Type 3   9 (100) – – – –  9 (100)

NBI group

▪ Type 1  26 (100) 25 (96.2)   1 (3.8) – – –

▪ Type 2A 407 (100) 14 (3.4) 385 (94.6)  7 (1.7) –  1 (0.2)

▪ Type 2B  26 (100) –  10 (38.5)  9 (34.6) 2 (7.7)  5 (19.2)

▪ Type 3  12 (100) – –  1 (8.3) – 11 (91.7)

BLI, blue laser imaging; NBI, narrow-band imaging.

▶Table 3 Comparison of diagnostic accuracy between the BLI and NBI groups in the matched cohort.

Accuracy, % (95% CI)

BLI group NBI group P value

Overall 92.1 (89.3–94.4) 91.7 (88.8–94.0) 0.905

Neoplastic/non-neoplastic polyps 96.6 (94.5–98.0) 96.8 (94.8–98.2) 1

BLI, blue laser imaging; NBI, narrow-band imaging.

▶Table 4 Comparison of PPV and NPV between the BLI and NBI groups in the matched cohort.

PPV, % (95% CI)

JNET BLI group NBI group P value

Type 1  90.6 (74.9–98.0) 96.2 (80.3–99.9) 0.620

Type 2A  94.3 (91.5–96.3) 94.6 (91.9–96.5) 0.879

Type 2B  57.7 (36.9–76.6) 42.3 (23.3–63.0) 0.406

Type 3 100 (96.3–100) 91.7 (61.5–99.7) 1

PPV, % (95% CI)

JNET BLI group NBI group P value

Type 1  97.0 (94.8–98.4) 96.9 (94.7–98.2) 1

Type 2A  88.1 (77.8–94.7) 82.8 (71.3–91.0) 0.461

Type 2B  98.0 (96.1–99.0) 98.2 (96.4–99.2) 1

Type 3  98.5 (96.9–99.3) 98.7 (97.1–99.5) 1

JNET,Japan Narrow-band Imaging Expert Team; BLI, blue laser imaging; NBI, narrow-band imaging.
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length 450±10nm) for narrow-band observation [10], which
has the same concept for image enhancement as NBI which al-
lows the narrow-band observation using the optical filters. Sev-
eral papers have shown that BLI or NBI combined with magnify-
ing endoscopy is useful for the qualitative and quantitative di-
agnosis of the colorectal lesions [4–7], but no report has com-
pared the diagnostic ability of ME-BLI and ME-NBI using the
same diagnostic criteria, presumably because of the lack of a
unified diagnostic system before the validation of the JNET clas-
sification, and the difficulty in gathering a large cohort with
high-quality images by both ME-BLI and ME-NBI which enables
the endoscopists to conduct the retrospective evaluations.

The major strength of this study was that we successfully
obtained a large cohort and used propensity score matching in
consecutive patients who were inspected by either the BLI
group or the NBI group. Furthermore, they had high-quality
magnified images for the retrospective assessment, which is
feasible only in a high-volume center with endoscopists who
have been well trained in magnifying endoscopy. This study of-
fers two major points of clinical importance: first, the diagnos-
tic results of the JNET classification by two modalities, ME-BLI
and ME-NBI, were comparable judging by the almost equal
PPV and NPV of all JNET types. This result will expand the versa-
tility of the JNET classification to ME-BLI in the countries where
the LASEREO system is as prevalent as the EVIS LUCERA ELITE
system like in Japan, and the JNET classification may be applied
to other IEEs such as i-Scan and the recently developed blue
light imaging, which uses four LEDs as the light source and has
been released by Fujifilm Co. in some areas, including the Uni-
ted States and Europe, where the LASEREO system has not been
approved for use [17]. Second, we confirmed the reproducibil-
ity of the diagnostic performance of the JNET classification. No-
tably, over 90% of the Type 1 cases were accurately diagnosed
as neoplastic or non-neoplastic lesions. The NPV of Type 1 in
both BLI and NBI groups was within the standard set by the
American Society for Gastrointestinal Endoscopy for NPV (90%
or more) for differentiating neoplastic and non-neoplastic colo-
rectal lesions [16]. Furthermore, more than 90% of the lesions
diagnosed as Type 2A were LGD, and almost all lesions diag-
nosed as Type 3 were T1b in both ME-BLI and ME-NBI. Converse-
ly, lesions diagnosed as Type 2B contained various histologies
from LGD to T1b, reflecting the low diagnostic value for Type
2B. These results were completely consistent with previous re-
ports by Sumimoto et al. [18, 19] and Komeda et al. [20], which
highlight the idea that pit pattern diagnosis should be per-
formed for lesions of Type 2B to predict the histology more pre-
cisely.

This study has some limitations. First, it was retrospective
and single-center. A prospective non-inferiority trial is neces-
sary to show the equivalency of diagnostic ability by ME-BLI to
one by ME-NBI. Second, we used still images for retrospective
JNET diagnosis, which is a different diagnostic process from
that employed in clinical practice. Third, there could be selec-
tion bias for colorectal lesions between the BLI group and the
NBI group, although consecutive patients were assigned to
each group with no intervention by the investigators. Indeed,
we showed that the BLI group had a lower proportion of non-

polypoid lesions and a smaller average size of lesions than the
NBI group. Therefore, we used propensity score matching in
this study to reduce selection bias. However, there may still be
some bias from unobserved differences. Fourth, we did not as-
sess the diagnostic ability of ME-BLI and ME-NBI using the same
target lesions. For a direct comparison, it would be ideal to ex-
amine diagnosis for the same lesion by the same endoscopist,
but this type of study design is quite difficult in a real clinical
setting. Thus, we compensated for this shortfall by including a
large cohort, a unified setting of ME-BLI and ME-NBI in taking
the images, and objectivity in evaluation of the JNET diagnosis.

Conclusion
In conclusion, the diagnostic ability of JNET classification with
ME-BLI was comparable with that of ME-NBI. Although a pro-
spective study is warranted to perform an unbiased analysis,
this retrospective study in a propensity score-matched cohort
suggests that the JNET classification, originally developed with
ME-NBI, could also be applied to diagnosis of colorectal lesions
using ME-BLI, which broadens the utility of the JNET classifica-
tion, leading more endoscopists to make a more accurate diag-
nosis and provide more appropriate subsequent treatment.
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