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Effect of texture and color
enhancement imaging
on the visibility of gastric tumors
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Texture and color enhancement imaging (TXI) may improve the visibility of gastric tumors and allow
their early detection. However, few reports have examined the utility of TXI. Between June 2021

and October 2022, 56 gastric tumors in 51 patients undergoing endoscopic submucosal dissection

at Fukuchiyama City Hospital were evaluated preoperatively using conventional white light imaging
(WLI), narrow-band imaging (NBI), and TXI modes 1 and 2. The color differences of the tumors and
surrounding mucosae were evaluated using the CIE 1976 L*a*b color space, Additionally, the visibility
scores were scaled. Of the 56 gastric tumors, 45 were early gastric cancers, and 11 were adenomas.
Overall, the color difference in TXI mode 1 was considerably higher compared to WLI (16.36 +7.05

vs. 10.84 +4.05; p<0.01). Moreover, the color difference in early gastric cancers was considerably
higher in TXI mode 1 compared to WLI, whereas no significant difference was found in adenomas.
The visibility score in TXI mode 1 was the highest, and it was significantly higher compared to WLI.
Regarding adenomas, the visibility score in TXI mode 1 was also significantly higher compared to that
in WLI. TXI may provide improved gastric tumor visibility.

Keywords Adenoma, Early gastric cancer, Texture and color enhancement imaging, Visibility, White light
imaging

Gastric cancer is the fifth leading cause of cancer mortality in the world'. Early detection of gastric tumors
using esophagogastroduodenoscopy (EGD) allows early endoscopic treatment. However, 4.6-54.3% of gastric
tumors may be missed by this diagnostic method?-°. Conventional white light imaging (WLI) has been widely
employed for screening the stomach; however, image enhanced endoscopy (IEE) is anticipated to provide the
improved detection’.

Texture and color enhancement imaging (TXI), which was introduced in 2020 (Olympus Corporation, Tokyo,
Japan)®, optimizes the visualization of three elements: structure, color tone, and brightness. First, the input image
of WLI is split into a texture image and a base image. Next, texture enhancement and brightness adjustment
are performed for each image. Thereafter, the images are re-combined and output as TXI mode 2. Then, color
enhancement is conducted to output as TXI mode 1. TXI enhances subtle changes in the color tone and struc-
ture of the images that are difficult to recognize with WLI. Therefore, TXI may improve the visibility of gastric
tumors and allow early detection of such malignancies; however, only a few such studies have been conducted’®'°.
Therefore, we aimed to investigate the visibility of gastric tumors by use of TXI.

Methods

Study design

During this retrospective study, we evaluated 71 gastric tumors in 66 patients undergoing endoscopic submucosal
dissection (ESD) for gastric tumors at Fukuchiyama City Hospital between June 2021 and October 2022. Of the
71 tumors, 14 lacked endoscopic images and one was diagnosed as a neuroendocrine tumor during the pathologi-
cal examination; therefore, they were excluded from the study. Finally, 56 tumors in 52 patients were included
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(Fig. 1). This study was conducted in accordance with the ethical principles of the Declaration of Helsinki, and
its protocol was approved by the Institutional Review Board (IRB) of Fukuchiyama City Hospital (approval
number 4-38). For this study, informed consent has been waived by the IRB of Fukuchiyama City Hospital due
to the anonymity and retrospective nature of the study, and patients were given the option to be excluded from
the study using the opt-out approach.

Collecting endoscopic images and ESD

To obtain images of the tumors and perform the ESD procedures, nine operators used the EVIS X1 endoscopic
system with a GIF-H290Z endoscope (Olympus Medical Systems Corporation, Tokyo, Japan) until March 2022;
however, beginning in April 2022, the GIF-EZ1500 endoscope was used. Endoscopic images were obtained
using WLI, narrow-band imaging (NBI), and TXI modes 1 and 2 by each endoscopists prior to ESD. ESD was
carried out according to Japanese guidelines'é. The resected specimens were histopathologically assessed by the
clinical pathologists.

Color difference analysis

The color difference between the tumor and the surrounding mucosa was assessed as an objective index. A
straight line was drawn on the tumor image, and two points were plotted for each tumor and the surrounding
mucosa on the line. Figure 2 presents the representative images of one of the tumors, with four plotted areas
(17 x 17 pixels) on the line. The colors of the plotted areas were quantified using Affinity Photo version 1.10.4
(Serif, Inc., Nottingham, UK). Quantification was performed using the CIE 1976 L*a*b color space'’, with L*
axis representing brightness, the a* axis representing red-to-green chromaticity, and the b* axis representing
yellow-to-blue chromaticity. The color values of the areas inside the tumors minus their surrounding mucosae
were represented as AL*, Aa*, and Ab*, respectively. The color difference (AE) was evaluated using the following
equation:

AE = [(AL®? + (Aax)? + (Ab)?]'?

The average of the two-color differences on was calculated for each tumor and compared among WLI, NBI,
and TXI modes 1 and 2. Then, the AL*, Aa*, and Ab* values of WLI and TXI mode 1 were compared.

Visibility score analysis

The visibility scores were scaled as a subjective index. The nine operators, consisting of 3 experts (=100 cases of
ESD) and 6 trainees (< 100 cases of ESD), evaluated the visibility of each gastric tumor after ESD'®. The visibility
scores of NBI and TXI modes 1 and 2 were compared with those of WLI according to the following scale: +2
(remarkably improved), + 1 (improved), 0 (unchanged), — 1 (worsened), and — 2 (remarkably worsened). Figure 3
presents one of the tumors and its visibility scores.

Statistical analysis

Quantitative variables are expressed as the mean + standard deviation. Comparisons were carried out using the
Wilcoxon signed-rank test. Statistical significance was defined as p <0.05. All statistical analyses were carried
out using JMP version 15.2.1 (SAS Institute Inc., Cary, NC, USA).

Results
Table 1 describes the clinicopathologic characteristics of the patients, lesions, and types of scopes used. The
mean age was 72.8 years, and 36 patients were male among the 52 patients. Forty-five lesions were early gastric
cancer, and 11 were adenomas. Among the 45 early gastric cancers, 40 were intestinal type, and 5 were diffuse
type. Helicobacter pylori infection of 42 lesions (75%) were eradicated. The GIF-H290Z endoscope was used for
40 lesions, and the GIF-EZ1500 endoscope was used for 16 lesions.

Table 2 describes the color differences in each mode. Overall, the color differences in TXI mode 1 and 2 were
considerably higher than that in WLI. Moreover, the color difference in TXI mode 1 was considerably higher than

71 gastric tumors in 66 patients undergoing ESD

Excluded
* lack of endoscopic images (n=14)
* neuroendocrine tumor (n=1)

56 gastric tumors in 52 patients undergoing ESD

Figure 1. Study flowchart. ESD, endoscopic submucosal dissection.
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Figure 2. Representative images of gastric tumors before endoscopic submucosal dissection (ESD) obtained
using white light imaging (WLI), narrow-band imaging (NBI), and texture and color enhancement imaging
(TXI) modes 1 and 2. A straight line was drawn on the tumor image, and two areas (17 x 17 pixels) were plotted
for each tumor and its surrounding mucosa on the line to calculate the color difference.

that in WLI (16.36+7.05 vs. 10.84+4.05; p<0.01), NBI (16.36 £7.05 vs. 12.92+6.33; p <0.01), and TXI mode
2 (16.36£7.05 vs. 13.11£5.41; p<0.01). A subgroup analysis revealed that the color difference of early gastric
cancers was significantly higher in TXI mode 1 than in WLI (17.29+7.17 vs. 10.82+3.92; p<0.01), whereas
adenomas exhibited no significant difference (12.59 +5.03 vs. 10.94 +4.56; p = 0.64). The color difference in TXI
mode 1 was higher than that in WLI, regardless of H. pylori infection status, tumor size, coloration, morphologi-
cal type, or type of scope used during the procedure.

The AL*, Aa*, and Ab* values of the gastric tumors and surrounding mucosae observed with WLI and TXI
mode 1 are shown in Table 3. Overall, the Aa* and Ab* values achieved with TXI mode 1 were considerably
higher than those achieved with WLI. However, the AL* value achieved with TXI mode 1 was significantly lower
than that achieved with WLL For early gastric cancers, the Aa* and Ab* values achieved with TXI mode 1 were
considerably higher than those achieved with WLI. Additionally, the AL* value achieved with TXI mode 1 was
lower than that achieved with WLIL. However, the difference was not significant. For adenomas, the A*a and Ab*
values achieved with TXI mode 1 and WLI were not significantly different; however, the AL* value achieved with
TXI mode 1 was significantly lower than that achieved with WLI.

The visibility scores of the gastric tumors are presented in Table 4. The mean visibility score was signifi-
cantly higher in TXI mode 1 compare to WLI (0.95+0.67; p <0.01) and TXI mode 2 (0.95+0.67 vs. 0.54+0.60;
p<0.01), whereas no difference was found between TXI model and NBI (0.95+0.67 vs. 0.80+0.83; p=0.47).
The visibility scores were significantly higher in TXI mode 1 compared to WLI during all subgroup analyses.
Regarding adenomas, the visibility scores in TXI mode 1 were significantly higher compared to WLI, whereas
those in NBI and TXI mode 2 were not.

Discussion

In this retrospective study, which included 56 gastric tumors, we examined the color differences and the vis-
ibility scores. The color differences and visibility scores of TXI modes 1 and 2 were significantly higher than
those of WLI. Furthermore, the color differences and visibility scores of TXI mode 1 were significantly higher
than those of TXI mode 2. We revealed that TXI, especially TXI mode 1, could improve the visibility of gastric
tumors compared to WLI during objective and subjective evaluations.

IEE technology such as NBI", blue laser imaging-bright®’, and linked color imaging®', has been used to pro-
vide the improved detection of gastric lesions. TXI, which is another new IEE technology, is available in clinical
settings. However, it remains largely unknown how we should use TXI mode when we perform esophagogas-
troduodenoscopy through early gastric cancer screening. Furthermore, it remains unclear how to use different
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Figure 3. Representative images of gastric tumors and visibility scores. The visibility scores of narrow-band
imaging (NBI) and texture and color enhancement imaging (TXI) modes 1 and 2 were compared with those
white light imaging (WLI). The visibility scores were as follows: + 2 (remarkably improved), + 1 (improved), 0
(unchanged), - 1 (worsened), and — 2 (remarkably worsened).

Patient characteristics (n=52)
Age, mean + SD (years) 72.8+8.8
Sex, male/female (n) 36/16

Lesion characteristics (n=56)
Histological diagnosis, early gastric cancer/adenoma (n) 45/11
Histological type, intestinal type/diffuse type (n) 40/5
H. pylori infection status, positive/eradicated/negative (n) 12/42/2
Tumor size,>10/< 10 mm (n) 23/33
Color, reddish/discolored (n) 33/23
Morphological type, 0-1/1Ia/IIb/IIc/complex/SMT-like (n) | 3/26/8/11/6/2

Type of scope used during the procedure (n=56)
Scope, GIF-H290Z/GIF-EZ1500 (n) 40/16

Table 1. Clinicopathologic characteristics. SD, standard deviation; SMT, submucosal tumor.

IEEs, including TXI mode and NBI, for this screening. Thus, we aimed to assess the visibility of gastric tumors
with respect to TXI mode.

We demonstrated that the color difference in TXI mode 1 was considerably higher compared to that in WLI,
as reported by previous studies’'""'*. Some studies have reported that the color difference in TXI mode 2 was
not significantly higher than that in WLI>!°. However, other studies have reported significant differences, similar
to our study'>'*. The discrepancy could be influenced by the number of enrolled cases, as the studies suggesting
no differences had <20 cases. Additionally, we found that the use of TXI mode 1 resulted in higher visibility
scores than those obtained with WLI, similar to previous reports*!®!>1>. Collectively, our study revealed that
TXI mode 1 could provide advantages compared to WLI when used during objective and subjective evaluations.
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WLI NBI TXImodel |TXImode2

Mean +SD 12.92+£6.33 | 16.36%7.05 13.11+£5.41

p values (vs. WLI) 0.02 <0.01 <0.01
All (n=56) 10.84+4.05

p values (vs. NBI) <0.01 0.80

p values (vs. TXI mode 2) <0.01

Mean +SD 1298+6.72 | 17.29+7.17 13.68+5.42
Early gastric cancer (n=45) 10.82+3.92

p values (vs. WLI) 0.05 <0.01 <0.01

Mean +SD 12.69+4.40 |12.59£5.03 10.80+4.73
Adenoma (n=11) 10.94+4.56

p values (vs. WLI) 0.15 0.64 0.76

Mean +SD 12.28+4.69 |19.20+8.42 15.15+4.65
H. pylori infection: positive (n=12) 11.46+3.64

p values (vs. WLI) 0.68 <0.01 <0.01

Mean +SD 13.13+£6.82 | 15.36%£6.43 12.27+5.41
H. pylori infection: eradicated (n=42) 10.76 +4.22

p values (vs. WLI) 0.02 <0.01 0.06

Mean +SD 14.07+6.84 | 17.57+7.86 13.31+£5.25
Tumor size>10 mm (n=23) 11.91+£5.05

p values (vs. WLI) 0.05 <0.01 0.03

Mean +SD 12.12+£5.81 | 15.52+£6.29 12.97+5.52
Tumor size <10 mm (n=33) 10.10+2.96

p values (vs. WLI) 0.18 <0.01 <0.01

Mean +SD 12.64+5.60 |16.42+6.60 12.60+4.42
Reddish color (n=33) 10.68+3.72

p values (vs. WLI) 0.07 <0.01 <0.01

Mean +SD 13.33+£7.23 | 16.28+7.65 13.84+6.51
Discolored (n=23) 11.08 +£4.47

p values (vs. WLI) 0.17 <0.01 0.07

Mean +SD 13.19+£7.90 |17.40£7.19 13.41+£5.17
Morphological type ITa (n=26) 11.63+4.55

p values (vs. WLI) 0.43 <0.01 0.04

Mean +SD 12.80+4.90 | 14.57+6.40 12.41+5.54
Morphological types IIb and Ilc (n=19) 9.67+3.06

p values (vs. WLI) 0.03 <0.01 0.02

Mean +SD 12.34+543 | 17.72+£7.34 14.06£5.35
GIF-290Z (n=40) 11.17+£3.92

p values (vs. WLI) 0.25 <0.01 <0.01

Mean +SD 14.38+7.97 |12.98+4.82 10.73+£4.78
GIF-EZ1500 (n=16) 10.03+4.26

p values (vs. WLI) 0.02 0.01 0.74

Table 2. Color differences between the gastric tumors and surrounding mucosae. SD, standard deviation;
WLI, white light imaging; NBI, narrow-band imaging; TXI, texture and color enhancement imaging.

‘WLI TXI mode 1
Mean +SD 0.68+8.59
AL* 1.77+£6.86
p values (vs. WLI) 0.02
Mean +SD 6.62+10.59
All (n=56) Aa* 3.58+5.94
p values (vs. WLI) <0.01
Mean +SD 3.75+4.65
Ab* 2.50+2.84
p values (vs. WLI) 0.01
AL* Mean +SD 0.66+6.78 | -0.04+9.13
p values (vs. WLI) 0.18
Mean+SD 7.69+10.64
Early gastric cancer (n=45) | Aa* 4.18+5.90
p values (vs. WLI) <0.01
Mean +SD 4.21+4.68
Ab* 2.57+2.99
p values (vs. WLI) <0.01
AL* Mean +SD 6.32+5.10 | 3.64+4.83
p values (vs. WLI) <0.01
Mean +SD 2.23+9.14
Adenoma (n=11) Aa* 1.14+5.44
p values (vs. WLI) 0.95
Mean +SD 1.86+4.01
Ab* 2.23+2.09
p values (vs. WLI) 0.51

Table 3. AL*, Aa*and Ab* between gastric tumors and the surrounding mucosae. SD, standard deviation;
WLI, white light imaging; TXI, texture and color enhancement imaging.
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NBI TXImodel | TXImode2

Mean +SD 0.80+0.83 | 0.95+0.67 0.54+0.60

p values (vs. WLI) <0.01 <0.01 <0.01
All (n=56)

p values (vs. NBI) 0.47

p values (vs. TXI mode 2) | 0.04 <0.01

Mean +SD 0.84+0.79 | 1.02+0.65 0.62+0.61
Early gastric cancer (n=45)

p values (vs. WLI) <0.01 <0.01 <0.01

Mean +SD 0.64+0.98 | 0.64+0.64 0.18+0.39
Adenoma (n=11)

p values (vs. WLI) 0.11 0.03 0.5

Mean +SD 1.00+£0.82 | 1.08+0.64 0.50+0.50
Helicobacter pylori infection: positive (n=12)

p values (vs. WLI) 0.01 <0.01 0.03

Mean +SD 0.79+0.83 | 0.93+0.67 0.55+0.62
H. pylori infection: eradicated (n=42)

p values (vs. WLI) <0.01 <0.01 <0.01

Mean +SD 0.74+0.79 | 0.83+0.64 0.43+£0.50
Tumor size>10 mm (n=23)

p values (vs. WLI) <0.01 <0.01 <0.01

Mean +SD 0.85+0.86 | 1.03+0.67 0.61+0.65
Tumor size <10 mm (n=33)

p values (vs. WLI) <0.01 <0.01 <0.01

Mean +SD 0.67+0.80 | 0.97+0.72 0.48+0.56
Reddish color (n=33)

p values (vs. WLI) <0.01 <0.01 <0.01

Mean +SD 1.00+0.83 |0.91+0.58 0.61+0.64
Discolored (n=23)

p values (vs. WLI) <0.01 <0.01 <0.01

Mean +SD 0.85+0.95 | 0.96+0.65 0.46+0.57
Morphological type ITa (n=26)

p values (vs. WLI) <0.01 <0.01 <0.01

Mean +SD 0.95+0.69 |1.11+0.64 0.74+0.64
Morphological types IIb and Ilc (n=19)

p values (vs. WLI) <0.01 <0.01 <0.01

Mean +SD 0.83+0.83 | 1.03+£0.65 0.63+0.62
GIF-290Z (n=40)

p values (vs. WLI) <0.01 <0.01 <0.01

Mean +SD 0.75+0.83 | 0.75+0.66 0.31+0.46
GIF-EZ1500 (n=16)

p values (vs. WLI) 0.01 <0.01 0.06

Table 4. Visibility scores of gastric tumors. SD, standard deviation; WLI, white light imaging; NBI, narrow-
band imaging; TXI, texture and color enhancement imaging.

A comparison between TXI modes 1 and 2 revealed that TXI mode 1 was superior in both color difference
and visibility score. This could be due to the fact that color enhancement is conducted in TXI mode 1, based on
the images from TXI mode 2.

During subgroup analyses of early gastric cancers, the color difference in TXI mode 1 was higher than those
in WLL In contrast, for adenomas, the color difference was not different from that in WLI. During this study, the
color difference was quantified according to the L*a*b* color space. On the L* axis which represents brightness,
the AL* value was lower in TXI mode 1 than WLI, especially in adenomas. This may be because brightness in
dark areas is more enhanced with TXI than with WLI®. Therefore, it is possible that the difference in brightness
between the tumor and surrounding mucosa was smaller in TXI, especially in adenomas. In contrast, the Aa*
and Ab* values were higher in TXI mode 1 than WLIL, especially in early gastric cancers. These findings indicated
that TXI mode 1 could offer higher color saturation between the tumor and surrounding mucosa, resulting in
higher color differences for early gastric cancers.

Previous studies have addressed the usefulness of TXI for pharyngeal or esophageal lesions suggesting squa-
mous cell carcinoma®?, duodenal tumors?, and colorectal lesions**~*°. Antonelli G et al. recently performed a
randomized trial and demonstrated the utility of TXI for the detection of colorectal neoplasia®. For gastric
lesions, Kadota et.al. have recently reported that third-generation NBI provided the higher detection rate of
gastric neoplasms in comparison to WLI and TXI mode 1°!. Our data revealed that the color difference in TXI
mode 1 was significantly higher than that in NBI, while no differences were observed in the visibility scores
between TXI mode 1 and NBI. The discrepancy between our results and their findings may possibly be influenced
by insufficient experience of TXI mode 1.

This study has some limitations. First, this was a single-center, retrospective study. Because of its retrospective
data and a limited number of cases, the presence of selection bias cannot be excluded. Thus, our findings need
to be validated in a larger population. Second, the endoscopic images were not captured under the same condi-
tions; therefore, the points plotted in the images that were obtained by each IEE were slightly different. Third,
both the GIF-H290Z and GIF-EZ1500 endoscopes were used during this study. A previous study revealed that
the visibility scores achieved with GIF-XZ1200 were higher than those achieved with GIF-H290Z". Thus, our
findings should be validated by using a variety of endoscopes. In summary, our findings suggest that TXI may
provide the improved visibility of gastric tumors and allow the early detection of gastric tumors.
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