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Texture and Color Enhancement Imaging Increases Color
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Abstract: Texture and color enhancement imaging (TXI) has been developed as an image-enhanced
endoscopy technology. TXI mode2 enhances texture and brightness, and TXI model also enhances
color. This study aims to assess the color differences in squamous cell carcinoma (SCC) suspicious
lesions in the pharynx and esophagus using white light imaging (WLI), TXI model, TXI mode2, and
narrow-band imaging (NBI). A total of 59 SCC suspicious lesions from 30 patients were analyzed.
The color differences (AE) between the lesion and the surrounding mucosa were calculated for each
modality. The color value was assessed using the Commission Internationale d’Eclairage L*a*b* color
space. The visibility of the lesion in each modality was evaluated and compared to that in the WLI by
six endoscopists. The mean AE values in the WLI, TXI model, TXI mode2, and NBI were 11.6; 18.6;
14.3; and 17.2, respectively, and the AE values of TXI model, TXI mode2, and NBI were significantly
higher than those of the WLI (p < 0.001). No lesions had worse visibility, and 62.5% (37/59) had
improved visibility, as assessed by more than half of the endoscopists in TXI model. TXI model
can enhance color changes and improve the visibility of SCC suspicious lesions in the pharynx and
esophagus, compared to WLL

Keywords: superficial esophageal cancer; pharyngeal cancer; squamous cell carcinoma; texture and
color enhancement imaging; image enhanced endoscopy; color difference

1. Introduction

The risk factors for SCC in the pharynx and esophagus, which include smoking and
alcohol consumption, are common. According to the field cancerization phenomenon,
squamous cell carcinoma (SCC) in the pharynx and esophagus occasionally develops
synchronously or metachronously [1]. The prognosis of pharyngeal and esophageal SCC is
poor when detection occurs at an advanced stage. However, if SCC is detected early, the
disease can be cured entirely by local resection. Patients can receive less invasive forms of
treatment, such as endoscopic submucosal dissection, and obtain a preferable prognosis
with a high quality of life [2,3]. Thus, the early detection of pharyngeal and esophageal
cancers is essential.

Most early-stage pharyngeal and esophageal cancers do not have accompanying
symptoms, such as choking on food, and are usually found by chance during screening
endoscopy. Patients expect endoscopists to detect pharyngeal or esophageal cancer at an
early stage. However, it was reported that white light imaging (WLI) sensitivities for su-
perficial esophageal SCC (SESCC) and superficial pharyngeal SCC (SPSCC) were only 55%
and 8%, respectively, even with expert endoscopists using high-definition endoscopy [4].
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The warning signal for SESCCs or SPSCCs is a subtle color or morphological change in
the WLI [5], and it has been challenging to detect malignancies at an early stage, before
the development of image-enhanced endoscopy (IEE) [4-10]. Narrow-band imaging (NBI)
systems can enhance microvessels well into the mucosal surface, and both SPSCCs and
SESCCs present a brownish area under NBI. The sensitivity of NBI for the detection of
SESCCs and SPSCCs has been reported to be over 80% [4,8,11]. Thus, NBI has been an
essential tool for routinely performed endoscopies for decades [12].

Recently, texture and color enhancement imaging (TXI) has been developed as a new
image-enhanced endoscopy technology [13,14]. TXI maintains more natural color imaging
than NBI and shows the appearance of WLI. There are two modes of TXI in terms of the
enhancement factors: TXI mode2 enhances texture and brightness, and TXI model also
enhances color. Under TXI model, the color contrast between red and white is greater than
in mode2, and reddish mucosa appears redder. Thus, the color and morphological changes
in SPSCCs or SESCCs are thought to be enhanced under TXI model, and the visibility of
SCCs is believed to have improved. However, to the best of our knowledge, no study has
reported the usability of TXI for the detection of SPSCCs and SESCCs. This study aims to
show the benefits of TXI for detecting SESCCs and SPSCCs compared to WLL

2. Materials and Methods
2.1. Patients and Study Design

This retrospective trial used endoscopic images collected in a prospective study
(UMIN000042428). In summary, patients with superficial neoplasms, including SCC or an
intraepithelial neoplasia (IN) of the pharynx or esophagus, were prospectively recruited.
The patients underwent endoscopy, and we analyzed the endoscopic images. The prospec-
tive trial was conducted in a single center between 1 November 2020 and 31 July 2021. The
exclusion criteria in the prospective trial were as follows: (1) patients aged < 20 years;
(2) patients who received radiotherapy where the superficial neoplasm was located;
(3) patients who were pregnant; and (4) patients who were not allowed to undergo a
biopsy. The Institutional Review Board at the Jikei University School of Medicine approved
this study (IRB No. 31-109) on 14 September 2020.

2.2. Endoscopy System and Setting

A newly developed video-endoscopy system (EVIS X1, Olympus, Tokyo, Japan) and
high-definition endoscopes (GIF-EZ1200 or GIF-XZ1500, Olympus) were used. This system
can promptly change image modalities (WLI, TXI model, TXI mode2, and NBI) by the
push of a button on the scope holder. The structural enhancement function was set to A5
in the WLI; TXI model; and mode2, and to A8 in the NBI.

2.3. Texture and Color Enhancement Imaging (TXI)

TXI enhances three image factors in WLI (texture, brightness, and color) using the
described algorithm (Figure 1) [13]. In short, the WLI is split into the base and detail layers.
Then, the brightness in the dark regions is adjusted using the base layer, and the texture is
enhanced by using the detail layer. The TXI mode2 image is obtained by stacking these
layers. Color tone enhancement, which expands the color difference between white and
red, is added only to TXI model.
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Figure 1. The algorithm of texture and color enhancement imaging (TXI).

2.4. Endoscopic Procedure and Collecting Endoscopic Images

All endoscopic examinations were performed under conscious sedation using in-
travenous midazolam (2-5 mg, Maruishi Pharmaceutical Co., Ltd. Osaka, Japan) and
pethidine hydrochloride (35 mg, Pethidine, Takeda Pharmaceutical Co., Osaka, Japan).
Patients were initially examined using NBI. When an examiner found an SCC suspicious
lesion, the examiner changed the modalities and stored the endoscopic images under the
same endoscopic view (Figure 2). We defined SCC suspicious lesions as well-demarcated
brownish areas > 5 mm in diameter, or depressed/elevated lesions under NBI in the non-
magnification mode [8]. All procedures were performed by a single expert endoscopist
(A.D.), who was certified by the board of Japan Gastroenterological Endoscopy Society and
had experience with more than 1000 cases of endoscopic evaluation for staging esophageal
cancer. Histology was performed by biopsy or the endoscopic submucosal dissection of all
SCC suspicious lesions.

Figure 2. A demonstrative case of superficial esophageal cancer. The lesion was observed by (A)
WLI, (B) TXI model, (C) TXI mode 2, and (D) NBI. The histology obtained from the endoscopic
submucosal dissection revealed squamous cell carcinoma invading the lamina propria mucosa.
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2.5. Color Analysis

We evaluated the color values based on the Commission Internationale d’Eclairage
(CIE) L*a*b* color space developed in 1976 by the International Commission on Illumina-
tion [15]. The color value was shown with three-dimensional color parameters: L* (black to
white, range 0 to +100); a* (green to red, range —128 to +127); and b* (blue to yellow, range
—128 to +127). Once a region of interest (ROI) consisted of 121 pixels (11 x 11 pixels), it was
set on the endoscopic image using Adobe Photoshop 2021 version: 22.4.2 (Adobe Systems
Inc., San Jose, California, USA). The median L*a*b* value was automatically calculated
(Figure 3). We defined the color values of the lesion as L*]; a*]; and b*], and the surrounding
background mucosa as L*s, a*s, and b*s. The value difference was calculated as follows:
AL = L*1 — L*s; Aa = a*] — a*s; and Ab = b*] — b*s. The color difference between the lesion
and the surrounding background mucosa (AE) was calculated using the following formula:
AE = \/(AL? + Aa® + Ab?) [16]. We selected three pairs of ROIs from the lesion and the
surrounding mucosa, and the mean AE was calculated.

Figure 3. Color analysis was conducted using computer software.

A region of interest (ROI) was selected in the lesion (#1) and surrounding mucosa (#2)
on the endoscopic image. The color value based on the L*a*b* color space was automatically
calculated. We selected three pairs of ROlIs for each lesion.

2.6. Outcomes

The primary endpoint was the mean AE for each modality. Each value was compared
to that of the WLIL. The secondary endpoints were comparing the AE by lesion location,
histology, macroscopic type, and lesion size. Six endoscopists evaluated the visibility of
each modality.

2.7. Pathologic Diagnosis

A histological diagnosis was established using biopsied or endoscopically resected
specimens. Each specimen was graded as follows: no neoplasia, indefinite for neoplasia
(IDN), intraepithelial neoplasia (IN), and SCC [17]. IN was also divided into two grades
according to the Japanese Classification of Esophageal Cancer, 10th edition: low-grade
intraepithelial neoplasia (LGIN) and high-grade intraepithelial neoplasia (HGIN) [18].
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2.8. The Evaluation of Endoscopic Images

Endoscopic images, including WLI, TXI model, TXI mode2, and NBI (Figure 2),
were used to evaluate visibility. The images were shown on a 32-inch monitor with 4K
resolution clinically used for endoscopy. The histological diagnoses were blinded. Three
expert endoscopists who performed >10,000 esophagogastroduodenoscopies and three
non-expert endoscopists who performed < 300 esophagogastroduodenoscopies evaluated
the visibility. The endoscopists scored the visibility of the lesions on each image obtained
via TXI model; TXI mode2; and NBI, compared to that of the WLI, according to the
following scale: +1 (improved visibility of lesion), 0 (unchanged visibility of lesion), and
—1 (worsened visibility of lesion) [10].

2.9. Statistical Analysis

All statistical analyses were performed using SAS (version 9.4, SAS Institute, Cary,
NC, USA). The quantitative data collected of the color differences were compared using
the Wilcoxon signed-rank sum test. The visibility scores were compared using a t-test or
one-way ANOVA with Tukey’s post hoc test. The proportions of people who reported
an improvement or a decline were compared using Fisher’s exact test. The statistical
significance was set at p < 0.05.

3. Results

A total of 59 suspicious SCC lesions from 30 patients were analyzed. The lesion
characteristics are listed in Table 1. The histology revealed SCCs in 24 lesions, INs in
27 lesions, and other diagnoses (no neoplasia/IDNs) in 8 lesions. Macroscopically, 8 lesions
(13.6%) were type 0-1la, 35 lesions (59.3%) were type 0-1Ib, and 17 lesions (28.8%) were type
0-Ilc.

Table 1. Demographics of the squamous cell carcinoma suspicious lesions.

Characteristic N Rate

Location Pharynx 15 25.4%
Esophagus 44 74.6%

Histology SCC 24 40.7%
HGIN 11 18.6%

LGIN 16 27.1%

Indefinite for neoplasia, no neoplasia 8 13.6%

Type IIb 24 40.7%
ITa or Ilc 35 59.3%

Size <10 mm 27 45.8%
>10 mm 32 54.2%

In the color difference analysis, the values of AL; Aa; and Ab in TXI model, TXI mode2,
and NBI were higher than those in WLI, except for Ab in NBIL. There were significant
differences between the groups (p < 0.001, Table 2 and Figure 4). The mean AE values in
WLI, TXI model, TXI mode2, and NBI were 11.6; 18.6; 14.3; and 17.2, respectively, and
the AE values of TXI model, TXI mode2, and NBI were significantly higher than those of
the WLI (p < 0.001). the subgroup analysis based on location; histology; type; and size
also revealed significant differences in the AE values of TXI model, TXI mode2, and NBI,
compared to WLI (Table 3).
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Table 2. The mean AE of WLI, TXI model, TXI mode2, and NBI.

WLI TXI Model TXI Mode2 NBI
AL 6.2(4.4) 8.7 (5.4) 8.1(5.1) 13.2 (7.6)
p (vs. WLI) * <0.001 <0.001
Aa 5.7 (3.7) 10.8 (5.4) 7.2 (3.9) 6.9 (4.5)
p (vs. WLI )* <0.001 <0.001
Ab 48 (3.4) 8.3 (4.8) 5.6 (3.4) 1.8(1.3)
p (vs. WLI) * <0.001 <0.001
AE 11.6 (4.8) 18.6 (6.8) 14.3 (5.5) 17.2 (7.3)
p (vs. WLI) * <0.001 <0.001

Values are presented as mean (SD). * Wilcoxon signed-rank sum test.

Table 3. The results of the comparisons of the color difference by location, histology, macroscopic

type, and size.

WLI TXI Model TXI Mode2 NBI
Location Pharynx 10.4(3.8) 16.2(5.6) 13.3(4.8) 13.8(5.9)
p (vs. WLI) * <0.001 <0.001 <0.001
Esophagus 11.9(5.1) 19.4(7.0) 14.7(5.8) 18.4(7.4)
p (vs. WLI) * <0.001 <0.001 <0.001
Histology SCC 12.6(5.4) 19.8(5.6) 15.2(4.9) 19.2(7.1)
p (vs. WLI) * <0.001 <0.001 <0.001
HGIN 11.4(3.1) 19.6(7.2) 14.7(2.7) 15.4(4.5)
p (vs. WLI) * 0.001 0.001 0.001
LGIN 10.0(3.4) 16.0(5.7) 12.1(4.4) 14.7(5.4)
p (vs. WLI) * 0.001 0.001 0.001
Indefinite for
neoplasia, no 11.6(6.8) 18.6(10.8) 15.7(10.3) 18.8(12.0)
neoplasia
p (vs. WLI) * 0.008 0.008 0.008
Type b 10.6(4.4) 18.4(6.8) 14.2(5.0) 17.1(7.3)
p (vs. WLI) * <0.001 <0.001 <0.001
IIa or Ilc 12.9(5.1) 18.9(6.9) 14.6(6.4) 17.4(7.4)
p (vs. WLI) * <0.001 <0.001 <0.001
Size <10 mm 11.0(4.3) 18.6(8.0) 14.5(6.3) 17.6(7.6)
p (vs. WLI) * <0.001 <0.001 <0.001
>10 mm 12.2(5.3) 18.5(5.1) 14.2(4.6) 16.7(7.0)
p (vs. WLI) * <0.001 <0.001 <0.001

Values are presented as mean (SD). * Wilcoxon signed-rank sum test.



Diagnostics 2021, 11, 1971 7 of 12

AL Aa Ab AE
10 “w a0 -|
*
l ol f %1 r + 17
* *
#* # *
—
WLI TXI1 TXI2 NBI WLI TXI1 TXI2 NBI WLI TXI1 TXI2 NBI WLI TXI1 TXI2 NBI

Figure 4. The result of the color difference analysis. * means p < 0.001.

The values of AL, Aa, and Ab in TXI model, TXI mode2, and NBI were higher than
those in the WLI, except for Ab in NBI. There were significant differences between the
groups (* p < 0.001). The mean AE values in the WLI, TXI model, TXI mode2, and NBI
were 11.6; 18.6; 14.3; and 17.2, respectively, and the AE values of TXI model, TXI mode2,
and NBI were significantly higher than those of the WLI (* p < 0.001).

The results of the visibility assessment are presented in Table 4. In TXI model, no
lesion was evaluated as having worse visibility, and 62.5% (37/59) had improved visibility,
as assessed by more than half of the endoscopists. On the other hand, in NBI, two lesions
had worse visibility, and 88.1% (52/59) of the lesions had improved visibility, as assessed
by more than half of the endoscopists. There were significant differences in the mean
visibility scores between the three modalities, for both experts and non-experts (p < 0.001).
With the post hoc test, there were significant differences between all pairs of modalities
(mean visibility score in TXI model vs. in NBI = 0.68 vs. 0.92; in TXI model vs. in TXI
mode2 = 0.68 vs. 0.49; and in TXI mode2 vs. in NBI = 0.49 vs. 0.92) for the experts. There
were also significant differences between all pairs of modalities (mean visibility score in
TXI model vs. in NBI = 0.58 vs. 0.75; in TXI model vs. in TXI mode2 = 0.58 vs. 0.31; and in
TXI mode2 vs. in NBI = 0.31 vs. 0.75) for the non-experts. The mean visibility scores in TXI
mode2 and the NBI were significantly higher for experts than for non-experts.

The results of the subgroup analyses are summarized in Table 5. The histology affected
the visibility scores in TXI model and the NBI, and higher visibility scores tended to be
malignancies. However, there was no correlation between the visibility score and other
factors, including location (pharynx vs. esophagus), macroscopic type (IIb vs. Ila or Ilc),
and size (<10 mm vs. >10 mm).

Table 4. The results of the visibility assessments.

Experts Non-Experts p
TXI model . 0.58
visibility Score, mean (SD) 0.68 (0.34) (0.33) 0.072
Number reporting
an improvement
0 6 10.2% 6 10.2% 0.229

1 11 18.6% 17 28.8%
2 18 30.5% 22 37.3%
3 24 40.7% 14 23.7%
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Table 4. Cont.

Experts Non-Experts p
Number reporting
a decline
0 59 100.0% 59 100.0% -
1 0 0.0% 0 0.0%
2 0 0.0% 0 0.0%
3 0 0.0% 0 0.0%
Télsﬁcl’i‘f;z Score, mean (SD)*  0.49 (0.37) (8:3;) <0.001
Number reporting
an improvement
0 10 16.9% 23 39.0% 0.022
1 20 33.9% 21 35.6%
2 16 27.1% 8 13.6%
3 13 22.0% 7 11.9%
Number reporting
a decline
0 56 94.9% 57 96.6% 1.000
1 3 5.1% 2 3.4%
2 0 0.0% 0 0.0%
3 0 0.0% 0 0.0%
visli\lil?lli ty Score, mean (SD)*  0.92 (0.17) (8;; <0.001
Number reporting
an improvement
0 0 0.0% 2 3.4% 0.005
1 2 3.4% 10 16.9%
2 12 20.3% 18 30.5%
3 45 76.3% 29 49.2%
Number reporting
a decline
0 59 100.0% 57 96.6% 0.496
1 0 0.0% 2 3.4%
2 0 0.0% 0 0.0%
3 0 0.0% 0 0.0%

* Comparison using paired one-way ANOVA.
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Table 5. The results of the subgroup analysis for visibility scores by location, histology, macroscopic
type, and size.

Non-
Experts Experts
TXI TXI TXI TXI
model mode2 NBI model mode2 NBI

visibility  visibility  ViSPUtY visibility
Location  Pharynx  0.68(029) 048(034) 0920.14) 051(032) 023029)  0.63(032)
Esophagus  0.68(0.36)  050(0.38)  091(0.18)  0.61(033)  0.34(037)  0.79(0.31)

p 0962 0.857 0.901 0329 0330 0.089
Histology ~ SCC  077(034) 054038) 093(0.13)  0.68(029) 034(038)  0.83(0.24)
HGIN  067034) 063(033) 0970.09) 057(035) 039042)  0.67(027)

LGIN 072(030)  044(0.39)  0.94(0.19)  0.50(0.31)  0.24(0.28)  0.82(0.30)

visibility visibility

No
neoplasia,
indefinite 0.33(0.27) 0.29(0.29) 0.76(0.24) 0.50(0.41) 0.25(0.31) 0.46(0.44)
neol;oliisia
p 0.013 0.202 0.036 0.328 0.648 0.019
Type IIb 0.77(0.26) 0.53(0.34) 0.92(0.17) 0.64(0.32) 0.35(0.33) 0.73(0.31)
Ia or Ilc 0.61(0.38) 0.47(0.39) 0.91(0.17) 0.55(0.33) 0.28(0.37) 0.76(0.32)
P 0.060 0.644 0.835 0.306 0.475 0.678
Size <10 mm 0.73(0.33) 0.50(0.37) 0.91(0.14) 0.66(0.31) 0.30(0.25) 0.82(0.23)
>10 mm 0.63(0.35) 0.49(0.37) 0.92(0.19) 0.52(0.33) 0.32(0.36) 0.68(0.36)
p 0.244 0.923 0.864 0.090 0.898 0.076

Values are presented as the mean (SD) of the visibility scores. They were compared using a t-test or one-way
analysis of variance.

4. Discussion

This study demonstrated that TXI, which enhanced the brightness, structure, and
color of the images, expanded the AE between the inside lesion and surrounding mucosa
and improved the visibility of the SCC suspicious lesions, compared to the WLI in the
pharynx or esophagus. In particular, TXI model emphasizes the color tone, so the AE
value is highest in other modalities, and the visibility of the lesions is improved. In fact,
in TXI model, there were no lesions whose visibility was worse than the WLIL TXI has
been developed as a new digital IEE [6] and has become a new reliable modality for upper
gastrointestinal screening endoscopy.

In a previous study, the AE value between esophageal cancer and the surrounding
mucosa was examined. There was no correlation between AE and the invasion depth of
SESCC in the WLI [7]. When INs and non-neoplastic lesions other than SCC were examined
in this study, the AE value increased even in the WLI. The AE values increased according
to LGIN, HGIN, and SCC. Therefore, it was demonstrated that it is appropriate to pay
attention to the color difference to detect more malignant lesions. Compared to WLI, TXI
amplifies the AE value by approximately 1.5 times, and the more significant AE value
improved the visibility of the lesions. We examined the features of lesions in which the AE
value was amplified by the TXI and found that the results were independent of the lesions’
characteristics, such as malignancy, macroscopic type, and lesion diameter. Thus, TXI can
improve the AE value for any SCC suspicious lesions in the pharynx and esophagus.

The recognition of color and morphological changes is essential for early esophageal
cancer detection [5,10]. Since type 0-1Ib lesions are entirely flat, theoretically, only brightness
should be enhanced when observed in TXI mode2 (Figure 1). On the other hand, the
structure is also enhanced when type 0-Ila and -Ilc lesions are observed in TXI mode2.
In this study, no difference in visibility was observed between type 0-IIb, 0-Ila, and 0-Ilc
lesions in TXI mode2 (Table 5). The esophagus has a smooth epithelium, and morphological
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changes can be sufficiently detectable even with WLI using a high-definition endoscope.
This suggests that enhancing the color tone improves the visibility of pharyngeal and
esophageal cancers, rather than emphasizing the structure. TXI mode2 did not contain an
algorithm to emphasize the color tone, and the AE value was improved by the value of AL
(Table 2, Figure 4) [13]. The lower AE value in TXI mode2 was sufficient, but the visibility
score was lower than that of TXI model. Therefore, TXI model was considered to have a
more significant benefit than TXI mode2.

Among the modalities, TXI model had the highest AE value. On the other hand, in
the evaluation of visibility, the mean visibility score of the NBI was the highest. Under
NBI, an endoscope captures the reflected light emitted via the blue and green filters, and
the endoscopic image turns green overall [5]. This greenish image causes the lowest Ab,
following a lower AE than that in TXI model. Dilated irregular microvessels and a high
density of microvessels are seen on the surface of SPSCCs and SESCCs [19,20], and these
microvessels result in redder lesions under the WLIL. When we observed such lesions under
non-magnifying NBI, the lesion turned brownish and consisted of irregular microvessels.
Thus, we can recognize SCC not only by color changes but also by microvessel patterns
when using high-definition endoscopy. The software calculated the L*a*b* value as the
average value of 121 pixels in the ROI. The image in the ROI was changed to a uniform
color, and the AE value was calculated [16]. Under endoscopy, endoscopists should rec-
ognize a lesion not only by the color change but also by the microvessel pattern in the
pharynx and esophagus. Therefore, the NBI showed a moderate increase in the AE value
and the highest visibility score. The higher detection rate of NBI for SPSCCs and SESCCs
has already been reported, and NBI has become a reliable tool for upper gastrointestinal
screening endoscopy [4,8,11,12]. It is unclear whether TXI model is sufficiently effective in
detecting SPSCCs and SESCCs in clinical practice because, in this study; it is an evaluation
method that has been compared with WLI. In the future, it will be necessary to evalu-
ate the detectability (sensitivity) of lesions in each modality and to conduct prospective
controlled trials.

The benefits of TXI are that endoscopists can perform an endoscopy with a WLI-like
tone and detect suspicious SCC lesions by solely paying attention to a color change. The
WLI-like tone should be preferable, especially for endoscopists who have less experience
with endoscopy or with detecting SPSCCs or SESCCs using NBI. In this study, experts
tended to have higher NBI visibility ratings than non-experts. The higher score in NBI
may reflect the need to familiarize them with the NBI endoscopic images to detect lesions
under NBI [21]. On the other hand, the visibility evaluation results of TXI model showed
no differences between experts and non-experts; even the trainees could visually detect the
lesions in the same manner as the experts.

This study had some limitations. First, this study included a small number of lesions,
which should have caused a negative result in the subgroup analysis. An analysis with
a more significant number of lesions can reveal lesions that are difficult to detect using
TXI model. Second, the field of the endoscopic view was not always consistent due to
peristalsis, especially for lesions in the esophagus. This problem may have influenced
the evaluation of the AE value and visibility. A prospective trial with real-time visibility
evaluations is required to elucidate this issue.

5. Conclusions

TXI model enhanced color changes and improved the visibility of SCC suspicious
lesions in the pharynx and esophagus compared to the WLIL. This newly developed digital
IEE can compensate for the weaknesses of WLI and NBI and can also become a reliable
modality for detecting superficial SCCs during upper gastrointestinal endoscopy.

Author Contributions: Conceptualization, A.D.; methodology, A.D., K.S. and M.S.; formal analysis,
M. and T.Y,; investigation, A.D., S.0., T.E. and N.T.; writing—original draft preparation, A.D.;
writing—review and editing, H.F. and K.S.; supervision, K.S.; project administration, K.S. All authors
have read and agreed to the published version of the manuscript.



Diagnostics 2021, 11, 1971 11 of 12

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the ethics committee of the
Jikei University School of Medicine (IRB No. 31-109) and was performed in accordance with the
modified Helsinki Declaration (1989).

Informed Consent Statement: As this study was retrospective, the documents approved by the
ethics committee were posted on the hospital website. We disclosed the information for this study
and provided the patients with an opportunity to refuse consent.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Slaughter, D.P.; Southwick, H.W.; Smejkal, W. Field cancerization in oral stratified squamous epithelium; clinical implications of
multicentric origin. Cancer 1953, 6, 963-968. [CrossRef]

Yamashina, T.; Ishihara, R.; Nagai, K.; Matsuura, N.; Matsui, F; Ito, T.; Fujii, M.; Yamamoto, S.; Hanaoka, N.; Takeuchi, Y.; et al.
Long-term outcome and metastatic risk after endoscopic resection of superficial esophageal squamous cell carcinoma. Am. J.
Gastroenterol. 2013, 108, 544-551. [CrossRef]

Takahashi, K.; Hashimoto, S.; Mizuno, K.I.; Kobayashi, T.; Tominaga, K.; Sato, H.; Kohisa, J.; Ikarashi, S.; Hayashi, K.; Takeuchi,
M.; et al. Management decision based on lymphovascular involvement leads to favorable outcomes after endoscopic treatment of
esophageal squamous cell carcinoma. Endoscopy 2018, 50, 662-670. [CrossRef] [PubMed]

Muto, M.; Minashi, K.; Yano, T.; Saito, Y.; Oda, I.; Nonaka, S.; Omori, T.; Sugiura, H.; Goda, K.; Kaise, M.; et al. Early detection
of superficial squamous cell carcinoma in the head and neck region and esophagus by narrow band imaging: A multicenter
randomized controlled trial. J. Clin. Oncol. 2010, 8, 1566-1572. [CrossRef] [PubMed]

Goda, K; Dobashi, A.; Tajiri, H. Perspectives on narrow-band imaging endoscopy for superficial squamous neoplasms of the
orohypopharynx and esophagus. Dig. Endosc. 2014, 26, 1-11. [CrossRef]

Tajiri, H.; Niwa, H. Proposal for a consensus terminology in endoscopy: How should different endoscopic imaging techniques be
grouped and defined? Endoscopy 2008, 40, 775-778. [CrossRef]

Kobayashi, K.; Miyahara, R.; Funasaka, K.; Furukawa, K.; Sawada, T.; Maeda, K.; Yamamura, T.; Ishikawa, T.; Ohno, E.; Nakamura,
M.; et al. Color information from linked color imaging is associated with invasion depth and vascular diameter in superficial
esophageal squamous cell carcinoma. Dig. Endosc. 2020, 32, 65-73. [CrossRef]

Dobashi, A.; Goda, K.; Furuhashi, H.; Matsui, H.; Hara, Y.; Kamba, S.; Kobayashi, M.; Sumiyama, K.; Hirooka, S.; Hamatani,
S.; et al. Diagnostic efficacy of dual-focus endoscopy with narrow-band imaging using simplified dyad criteria for superficial
esophageal squamous cell carcinoma. J. Gastroenterol. 2019, 54, 501-510. [CrossRef]

Diao, W.; Huang, X.; Shen, L.; Zeng, Z. Diagnostic ability of blue laser imaging combined with magnifying endoscopy for early
esophageal cancer. Dig. Liver Dis. 2018, 50, 1035-1040. [CrossRef]

Nakamura, K.; Urabe, Y.; Oka, S.; Nagasaki, N.; Yorita, N.; Hata, K.; Masuda, K.; Kurihara, M.; Kotachi, T.; Boda, T.; et al.
Usefulness of linked color imaging in the early detection of superficial esophageal squamous cell carcinomas. Esophagus 2021, 18,
118-124. [CrossRef]

Goda, K.; Dobashi, A.; Yoshimura, N.; Aihara, H.; Kato, M.; Sumiyama, K.; Toyoizumi, H.; Kato, T.; Saijo, H.; Ikegami, M.; et al.
Dual-focus versus conventional magnification endoscopy for the diagnosis of superficial squamous neoplasms in the pharynx
and esophagus: A randomized trial. Endoscopy 2016, 48, 321-329. [CrossRef]

Morita, FH.; Bernardo, W.M.; Ide, E.; Rocha, R.S.P.; Aquino, ].C.M.; Minata, M.K.; Yamazaki, K.; Marques, S.B.; Sakai, P.; de
Moura, E.G.H. Narrow band imaging versus lugol chromoendoscopy to diagnose squamous cell carcinoma of the esophagus: A
systematic review and meta-analysis. BMIC Cancer 2017, 17, 1-14. [CrossRef]

Sato, T. TXI: Texture and Color Enhancement Imaging for Endoscopic Image Enhancement. J. Healthc Eng. 2021, 2021, 5518948.
[CrossRef]

Ishikawa, T.; Matsumura, T.; Okimoto, K.; Nagashima, A.; Shiratori, W.; Kaneko, T.; Oura, H.; Tokunaga, M.; Akizue, N.; Ohta, Y.;
et al. Efficacy of Texture and Color Enhancement Imaging in visualizing gastric mucosal atrophy and gastric neoplasms. Sci. Rep.
2021, 11, 1-8. [CrossRef]

Kuehni, R.G. Color-tolerance data and the tentative CIE 1976 L a b formula. ]J. Opt. Soc. Am. 1976, 66, 497-500. [CrossRef]
[PubMed]

Kanzaki, H.; Takenaka, R.; Kawahara, Y.; Kawai, D.; Obayashi, Y.; Baba, Y.; Sakae, H.; Gotoda, T.; Kono, Y.; Miura, K.; et al. Linked
color imaging (LCI), a novel image-enhanced endoscopy technology, emphasizes the color of early gastric cancer. Endosc Int.
Open. 2017, 5, E1005-E1013. [CrossRef] [PubMed]

Nagtegaal, ID.; Odze, R.D.; Klimstra, D.; Paradis, V.; Rugge, M.; Schirmacher, P.; Washington, K.M.; Carneiro, F.; Cree, L A. The
2019 WHO classification of tumours of the digestive system. Histopathology 2020, 76, 182-188. [CrossRef]

Japanese Esophageal Society. Japanese classification of esophageal cancer: Parts II and III. Esophagus. 2009, 6, 71-94. [CrossRef]


http://doi.org/10.1002/1097-0142(195309)6:5&lt;963::AID-CNCR2820060515&gt;3.0.CO;2-Q
http://doi.org/10.1038/ajg.2013.8
http://doi.org/10.1055/s-0043-124433
http://www.ncbi.nlm.nih.gov/pubmed/29272907
http://doi.org/10.1200/JCO.2009.25.4680
http://www.ncbi.nlm.nih.gov/pubmed/20177025
http://doi.org/10.1111/den.12220
http://doi.org/10.1055/s-2008-1077507
http://doi.org/10.1111/den.13469
http://doi.org/10.1007/s00535-018-1527-2
http://doi.org/10.1016/j.dld.2018.03.027
http://doi.org/10.1007/s10388-020-00749-2
http://doi.org/10.1055/s-0035-1569644
http://doi.org/10.1186/s12885-016-3011-9
http://doi.org/10.1155/2021/5518948
http://doi.org/10.1038/s41598-021-86296-x
http://doi.org/10.1364/JOSA.66.000497
http://www.ncbi.nlm.nih.gov/pubmed/932844
http://doi.org/10.1055/s-0043-117881
http://www.ncbi.nlm.nih.gov/pubmed/29159276
http://doi.org/10.1111/his.13975
http://doi.org/10.1007/s10388-009-0193-0

Diagnostics 2021, 11, 1971 12 of 12

19. Yoshida, T.; Inoue, H.; Usui, S.; Satodate, H.; Fukami, N.; Kudo, S.E. Narrow-band imaging system with magnifying endoscopy
for superficial esophageal lesions. Gastrointest Endosc. 2004, 59, 288-295. [CrossRef]

20. Muto, M.; Nakane, M.; Katada, C.; Sano, Y.; Ohtsu, A.; Esumi, H.; Ebihara, S.; Yoshida, S. Squamous cell carcinoma in situ at
oropharyngeal and hypopharyngeal mucosal sites. Cancer 2004, 101, 1375-1381. [CrossRef]

21. Ishihara, R.; Takeuchi, Y.; Chatani, R.; Kidu, T.; Inoue, T.; Hanaoka, N.; Yamamoto, S.; Higashino, K.; Uedo, N.; Iishi, H.; et al.
Prospective evaluation of narrow-band imaging endoscopy for screening of esophageal squamous mucosal high-grade neoplasia
in experienced and less experienced endoscopists. Dis. Esophagus. 2010, 23, 480-486. [CrossRef] [PubMed]


http://doi.org/10.1016/S0016-5107(03)02532-X
http://doi.org/10.1002/cncr.20482
http://doi.org/10.1111/j.1442-2050.2009.01039.x
http://www.ncbi.nlm.nih.gov/pubmed/20095991

	Introduction 
	Materials and Methods 
	Patients and Study Design 
	Endoscopy System and Setting 
	Texture and Color Enhancement Imaging (TXI) 
	Endoscopic Procedure and Collecting Endoscopic Images 
	Color Analysis 
	Outcomes 
	Pathologic Diagnosis 
	The Evaluation of Endoscopic Images 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

