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Background and Aims: The detection of gastric intestinal metaplasia (GIM), gastric intraepithelial neoplasia
(GIN), and early gastric cancer (EGC) using white-light endoscopy (WLE) is unsatisfactory. This study assessed
the value of optical enhancement combined with magnification endoscopy (ME-OE) versus WLE for detecting
GIM, GIN, and EGC.

Methods: Patients at high risk for gastric cancer were randomly assigned to the ME-OE group or WLE group at a
1:1 ratio. Suspicious GIM, GIN, and EGC lesions underwent targeted biopsy sampling in both groups. The diag-
nostic yield, diagnostic efficacy, and agreement of suspicious lesions were compared between the 2 groups.

Results: Two hundred eighty-five patients were finally analyzed. The per-patient diagnostic yields of GIM, GIN,
and EGC were 36.6% in the ME-OE group and 23.8% in the WLE group (P = .018). The per-lesion diagnostic yield
of GIM, GIN, and EGC in the ME-OE group was higher than that in the WLE group (66.7% vs 48.7%, P = .017).
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ME-OE vs WLE for detecting gastric lesions

Sensitivity (82.8% vs 54.3%, P = .003), specificity (84.2% vs 81.4%, P = .738), positive predictive value (88.9% vs
70.4%, P = .038), negative predictive value (76.2% vs 68.6%, P = .419), and accuracy (83.3% vs 69.2%, P = .028)
for GIM were compared between the 2 groups. The intraobserver agreements of experienced endoscopists were
excellent for ME-OE (k = 0.81 and k = 0.83) and good for WLE (k = 0.63 and k = 0.62). The interobserver
agreements of experienced endoscopists were good for both groups (k = 0.75 and k = 0.61, respectively).

Conclusions: ME-OE showed better performance for detecting GIM than WLE in high-risk populations. (Clinical

Wan et al

trial registration number: NCT04411589.) (Gastrointest Endosc 2025;102:337-44.)

Gastric cancer is a major cause of cancer death world-
wide.' The histopathologic progression of gastric cancer is
the Correa cascade, from chronic gastritis to atrophic
gastritis (AG) to gastric intestinal metaplasia (GIM) to
dyspla51a or gastric intraepithelial neoplasia (GIN) to carci-
noma.” The prognosis for gastric cancer is generally poor,
but earlier diagnosis and treatment are related to superior
5-year survival rates.” GIM is an important step in the precan-
cerous cascade of gastric cancer, and patients with GIM have
a 10-fold increased risk of gastric cancer.” Hence, the detec-
tion of GIM, GIN, and early gastric cancer (EGC) is very
important for high-risk individuals with gastric cancer. The
current standard practice for detection is using endoscopy
combined with histopathologic biopsy sampling. However,
the endoscopic—pathologic correlation and interobserver
reliability of conventional white-light endoscopy (WLE) are
unsatisfactory.”

The optical enhancement (OE) system was recently intro-
duced as an image-enhanced endoscopic technology. It
combines digital signal processing with optical filters that
achieve higher overall transmittance by connecting the
peaks of the hemoglobin absorption spectrum. There are
2 OE modes. Mode 1 uses light emission at 415 nm and
540 nm, which improves visualization of microvessels,
whereas mode 2 combines red light emission as well as emis-
sion at 415 nm and 540 nm, which improves the overall
brightness of the image closer to the white-light images.”
In addition, the use of OE coupled with magnification endos-
copy (ME-OE) has been developed to examine the microsur-
face and microvascular features of the suspected lesion.

Whether ME-OE can detect more gastric precancerous
lesions and EGC than WLE is unknown. The primary aim
of this study was to evaluate the diagnostic yield of GIM,
GIN, and EGC by ME-OE versus WLE. The secondary objec-
tive was to evaluate the diagnostic value of these lesions by
ME-OE versus WLE.

METHODS

Patients
This randomized controlled trial was conducted at a
comprehensive class A tertiary hospital (Qilu Hospital of

Shandong University, Jinan, China). Inclusion criteria were
patients aged 18 to 80 years with Helicobacter pylori infec-
tion or histologically verified AG, GIM, GIN, or EGC; patients
aged 40 to 80 years from a region with a high incidence of
gastric cancer; patients aged 40 to 80 years with a first-
degree relative of patients with gastric cancer; and patients
aged 40 to 80 years with high-risk factors for gastric cancer
(high-salt, pickled diet, smoking or heavy drinking). Exclu-
sion criteria were patients with a history of gastrectomy,
active GI bleeding, advanced gastric cancer, coagulopathy,
severe underlying diseases, pregnancy, lactation, or absence
of informed consent.

The protocol was approved by review boards of the Medical
Ethics Committee of Qilu Hospital of Shandong University. The
study was registered at clinicaltrials.gov (NCT04411589). Writ-
ten informed consent was obtained from all eligible patients.

Endoscopic technique and procedure

Patients were randomized ina 1:1 ratio to either the ME-OE
or WLE group. Random numbers were generated using a
computer and were sealed in envelopes. Procedures were
performed with high-definition endoscopes (EG-2990Zi; Pen-
tax Medical, Tokyo, Japan) and the OE system (EPK-i7000 pro-
cessor; Pentax Medical). The ME-OE group involved the use of
adistal rubber hood (OE-A59; Pentax Medical) at the tip of the
scope. Every patient took a simethicone solution orally 20 to
30 minutes before endoscopy and received intravenous seda-
tion during the endoscopic procedure. All endoscopists had
more than 5 years of endoscopic experience and had inde-
pendently diagnosed more than 300 OE endoscopic images.

For the ME-OE group, the endoscope was inserted into
the stomach with white-light imaging. Thereafter, the stom-
ach was first screened with OE mode 1 followed by OE mode
2 with magnification settings to examine the microvascular
and microsurface of the suspicious lesions. For the WLE
group, the stomach and suspicious lesions were carefully
examined by white-light imaging. Targeted biopsy samples
for GIM, GIN, and EGC were taken after endoscopic diagno-
ses of those lesions in both groups (Fig. 1).

Pathologic assessment
Each biopsy tissue sample was placed in an individual
formalin container. Biopsy samples were stained with
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Figure 1. Flowchart of the study design. OF, Optical enhancement; WLE,
white-light endoscopy.

hematoxylin and eosin. In addition, all specimens were
examined by an experienced pathologist who was blinded
to the group information and endoscopic diagnosis. Path-
ologic diagnoses were based on the Sydney classification
of chronic gastritis and the revised Vienna classification.””

Interpretation of macroscopic lesions

After all procedures, ME-OE and WLE images of the macro-
scopic lesions were reviewed by 2 experienced endoscopists
and 2 inexperienced endoscopists independently. The endo-
scopists were blinded to the real-time endoscopic diagnoses
and histopathologic results for these abnormalities. Every en-
doscopist evaluated each lesion from the images as to wheth-
er it was gastritis, GIM, low-grade intraepithelial neoplasia,
high-grade intraepithelial neoplasia, or EGC. In addition, all
ME-OE and WLE images were reassessed by the 4 endoscop-
ists again after a 3-month interval.

Outcomes

The primary outcome was the diagnostic yield of GIM,
GIN, and EGC with histopathologic evaluation as the crite-
rion standard. Secondary outcomes were the diagnostic ac-
curacy, sensitivity, specificity, positive predictive value,
negative predictive value, intraobserver agreement, interob-
server agreement, and operation time.

Sample size

Based on a gastritis cohort collected at Qilu Hospital, the
diagnostic yield of GIM, GIN, and EGC was estimated to be
24% by WLE in high-risk populations. We hypothesized

that ME-OE would increase the diagnostic yield of GIM,
GIN, and EGC to 40% in high-risk populations. The sample
size was determined as 145 patients per group with a power
of 80%, a 2-sided a level of 5%, and a dropout rate of 10%.

Statistical analysis

Categorical variables were analyzed using y° tests or
Fisher exact tests. Continuous variables were analyzed using
the ¢ test. Statistical significance was defined as P < .05. In-
traobserver and interobserver agreements were expressed
using the k coefficient as follows: <0.2 indicated poor agree-
ment, 0.2 to 0.4 indicated fair agreement, 0.4 to 0.6 indi-
cated moderate agreement, 0.6 to 0.8 indicated good
agreement, and >0.8 indicated excellent agreement. Ana-
lyses were performed using SPSS version 26.0 (IBM Corp,
Armonk, NY, USA).

RESULTS

Patient characteristics

Between May 2020 and May 2021, 536 patients were as-
sessed for eligibility, of whom 246 refused to participate or
met exclusion criteria. The remaining 290 patients were
randomly assigned to the ME-OE group or WLE group.
One patient in the ME-OE group was excluded during
the procedure because of severe stenosis. Then, 2 patients
in the ME-OE group and 2 patients in the WLE group were
excluded because of advanced cancer. Finally, 142 patients
in the ME-OE group and 143 patients in the WLE group
were analyzed (Fig. 2). There were no significant differ-
ences in sex; age; H pylori infection; history of AG, GIM,
GIN, and EGC; family history of gastric cancer; or high-
risk factors (Table 1).

Diagnostic yields and characteristics of
macroscopic lesions

Overall, 96 macroscopic lesions were detected from 52
patients in the ME-OE group and 78 macroscopic lesions
were detected from 34 patients in the WLE group
(Table 2). Using histopathology as the criterion standard,
we confirmed 102 lesions to be GIM, GIN, or EGC in 64 le-
sions in the ME-OE group and 38 lesions in the WLE group.
The per-patient yield of GIM, GIN, or EGC in the ME-OE
group was significantly higher than that in the WLE group
(36.6% vs 23.8%, P = .018). On a per-lesion analysis, ME-
OE was significantly superior to WLE (66.7% vs 48.7%,
P = .017). In addition, the operation time of each produce
was 14.61 + 5.73 minutes in the ME-OE group and 10.14 +
4.81 minutes in the WLE group (P < .001). Endoscopic im-
ages are shown in Figure 3.

Diagnostic efficacies

The diagnostic efficacies for the histologic prediction of
GIM are presented in Table 3. The sensitivity of ME-OE
was significantly higher than that of WLE (82.8% vs 54.3%,
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Figure 2. Flowchart of patient enrollment. ME-OE, Optical enhancement combined with magnification endoscopy; WLE, white-light endoscopy.

TABLE 1. Patient characteristics

Magnification endoscopy with

White-light

Characteristics optical enhancement group endoscopy group P value
Male/female sex 89/53 86/57 .660
Age, y 57.30 £ 9.50 57.03 £+ 897 .802
Helicobacter pylori infection 35 (24.6) 40 (28.0) 524
History of atrophic gastritis, gastric intestinal metaplasia, 65 (45.8) 57 (39.9) 313
gastric intraepithelial neoplasia, and early gastric cancer
Family history of gastric cancer 3(2.1) 1(0.7) 371
High-risk factors* 99 (69.7) 98 (68.5) .828
Values are n, mean & SD, or n (%).
*High-risk factors include high-salt, pickled diet, smoking or heavy drinking.
TABLE 2. Diagnostic yields of GIM, GIN, and EGC and operation time
Magnification endoscopy with optical White-light endoscopy
enhancement group group P value
Per-patient yield of GIM, GIN, and EGC 36.6 (52/142) 23.8 (34/143) 018
GIM 324 (46/142) 21.7 (31/143) .042
GIN 5 (5/142) 1.4 (2/143) 282
EGC 7 (1/142) 0.7 (1/143) >.999
Per-lesion yield of GIM, GIN, and EGC 66.7 (64/96) 48.7 (38/78) .017
GIM 60.4 (58/96) 449 (35/78) .041
GIN 5.2 (5/96) 6 (2/78) 462
EGC 1.0 (1/96) 3 (1/78) >.999
Operation time, min 14.61 £+ 5.73 10.14 4+ 4.81 <.001

Values are % (n/N) or mean =+ SD.
GIM, Gastric intestinal metaplasia; GIN, gastric intraepithelial neoplasia; EGC, early gastric cancer.
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Figure 3. Representative images of target lesions. White-light images of (A) gastric intestinal metaplasia (GIM), (B) low-grade gastric intraepithelial
neoplasia (LGIN), (C) high-grade gastric intraepithelial neoplasia (HGIN), and (D) early gastric cancer (EGC). E, Optical enhancement (OE) mode 2
and (F) magnifying mode 1 images of GIM. G, OE mode 2 and (H) magnifying mode 1 images of LGIN. I, OE mode 2 and (J) magnifying mode 1 images
of HGIN. K, OE mode 2 and (L) magnifying mode 1 images of EGC.

P = .003). The positive predictive value (88.9% vs 70.4%, nificant differences in specificity (84.2% vs 81.4%, P = .738)
P = .038) and accuracy (83.3% vs 69.2%, P = .028) of ME-  and negative predictive value (76.2% vs 68.6%, P = .419) be-
OE were also superior to WLE. However, there were no sig- tween the 2 groups.
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TABLE 3. Diagnostic efficacies for histologic prediction of gastric intestinal metaplasia
Magnification endoscopy with optical White-light endoscopy
enhancement group group P value
Sensitivity, % 82.8 54.3 .003
Specificity, % 84.2 814 738
Positive predictive value, % 88.9 704 .038
Negative predictive value, % 76.2 68.6 419
Accuracy, % 83.3 69.2 .028

TABLE 4. Intraobserver and interobserver agreements for endoscopic diagnosis

Endoscopists and

Type of agreement experience level

Intraobserver agreement Experienced endoscopist A

Magnification endoscopy with
optical enhancement group

White-light endoscopy
group

0.81 (0.70-0.91) 0.63 (0.46-0.79

Experienced endoscopist B

0.83 (0.71-0.95) 0.62 (0.42-0.82

Inexperienced endoscopist C

0.74 (0.58-0.90) 0.58 (0.37-0.80

Inexperienced endoscopist D

0.62 (0.44-0.80) 0.48 (0.26-0.69

Interobserver agreement Experienced endoscopists (A and B)

0.75 (0.64-0.86) 0.61 (0.43-0.80

Inexperienced endoscopists (C and D)

)
)
)
)
)
)

0.62 (0.45-0.78) 0.51 (0.31-0.71

Values are k (95% Cl).

Intraobserver and interobserver agreements
The intraobserver agreement of experienced endoscop-
ists was excellent for ME-OE (k = 0.81 for endoscopist A;
k = 0.83 for endoscopist B) and good for WLE (k = 0.63
for endoscopist A; kK = 0.62 for endoscopist B) (Table 4).
In addition, inexperienced endoscopists exhibited good in-
traobserver agreement for ME-OE (k = 0.74 for endoscopist
C; k = 0.62 for endoscopist D) but only moderate agree-
ment for WLE (k = 0.58 for endoscopist C; k = 0.48 for en-
doscopist D). The interobserver agreement of experienced
endoscopists was good for both groups, with k values of
0.75 and 0.61, respectively. Moreover, the interobserver
agreement of inexperienced endoscopists was good for
ME-OE (k = 0.62) but moderate for WLE (k = 0.51).

DISCUSSION

In this prospective study, ME-OE had significantly
higher per-patient and per-lesion yields of GIM, GIN, and
EGC compared with WLE only. ME-OE showed better
endoscopic—pathologic correlation and observer agree-
ment than WLE. To the best of our knowledge, this is
the first randomized controlled trial to evaluate the diag-
nostic value of ME-OE and WLE for detecting GIM, GIN,
and EGC. These findings provide evidence for the diag-
nostic value of ME-OE in clinical practice for high-risk pop-
ulations with gastric cancer.

Although high-definition WLE was applied in this study,
the diagnostic yield of GIM, GIN, and EGC was significantly
lower using WLE compared with ME-OE. Meanwhile, WLE
also showed poor correlations between histologic and endo-

scopic diagnoses of GIM. In a single-center study, the accu-
racy of WLE was only 53%, with a specificity of 55% for
GIM and only 50% sensitivity.” Another real-time multicenter
study confirmed that WLE had a specificity of 98% for GIM
but again had a low sensitivity of 53%.'" This study found
that the diagnosis of WLE for GIM was not satisfactory, partic-
ularly regarding the low sensitivity. Generally, GIM often
shows subtle mucosal changes on endoscopy. On WLE,
GIM resembles slightly whitish elevation or flat areas,
shallow depressed reddish areas, or just flat mucosa with
the same color as the surrounding mucosa.

The advantage of ME-OE can be attributed to the
following factors. First, OE mode 2 with optical filters has a
significant additional effect on detection of the color differ-
ence between normal gastric mucosa and mucosal abnor-
malities. The additional effect also has been previously
demonstrated in studies of esophageal mucosal lesions.""
Second, on OE mode 1 with magnification, the light-blue
crest can be easily observed, which is presumed to originate
from the reflection of light on the ciliated structure on the
surface of the GIM.'* Moreover, the white opaque substance
is also readily visible, which is considered to be the reflection
of light by microscopic lipid droplets within the mucosal
epithelium of gastric tumors and GIM. " Third, identification
of a demarcation line between a suspicious lesion and the
background mucosa can assist in differentiating EGC from
noncancerous lesions. If irregular microvascular and/or mi-
crosurface patterns are present within the demarcation
line, the diagnosis of EGC can be made.'” These factors sug-
gest the suitability of ME-OE for easy detection and diagnosis
of GIM, GIN, and EGC as well as for screening of the gastric
mucosa.
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In this study, both ME-OE and WLE exhibited good repro-
ducibility for an endoscopic diagnosis of 2 experienced en-
doscopists. However, the weighted k value was higher in
ME-OE (k = 0.75) than that in WLE (k = 0.61). Also, the in-
traobserver and interobserver agreements of inexperienced
endoscopists in ME-OE were also higher than those in WLE.
In fact, several previous studies investigated the interob-
server agreements on endoscopic diagnosis of GIM. Song
etal'* demonstrated that interobserver agreement for GIM
under ME-OE was excellent (k = 0.862) in experienced
endoscopists and good (k = 0.800) in inexperienced
endoscopists. Kanemitsu et al'” demonstrated that the inter-
observer agreement for white opaque substance was excel-
lent (k = 0.89) but for the light-blue crest was moderate
(< = 0.43). Ono etal'” showed the interobserver agreement
for GIM was moderate (k = 0.60) under WLE. However, the
interobserver agreement for GIM under WLE was low in both
experienced (k = 0.38) and inexperienced groups (k =
0.33)."° In summary, it remains questionable whether WLE
is reliable in diagnosing GIM in medical institutions of
different regions. The light-blue crest and white opaque
substance under ME-OE are considered to be highly repro-
ducible indicators regardless of endoscopic experience. To
explore true reliability, a multicenter clinical study involving
alarge number of endoscopists in multiple countries and re-
gions is necessary. In addition, the intraobserver and inter-
observer agreements of the experienced endoscopists
were superior to those of the inexperienced endoscopists
in both groups. Therefore, endoscopic experience and edu-
cation are important to improve the diagnostic accuracy of
suspicious lesions in the gastric region.

To clarify the long-term outcomes, we reviewed the
enrolled patients’ medical and endoscopic data before
November 26, 2024 (Supplementary Table 1, available on-
line at www.giejournal.org). Nine patients who were diag-
nosed as GIN or EGC received endoscopic resection or
surgical therapy. No advanced gastric cancer was found
in postoperative histopathology. In addition, 15 of 46 pa-
tients with diagnosed GIM using ME-OE showed 1 gastritis,
13 GIM, and 1 high-grade intraepithelial neoplasia. For the
WLE group, 5 of 13 patients with GIM showed 1 gastritis
and 4 GIM. The follow-up compliance of patients with
GIM using ME-OE was higher than WLE but was not statis-
tically significant (32.6% [15/46] vs 16.1% [5/31], P = .1006).
Moreover, 12 patients progressed from gastritis to GIM, 5
patients in the ME-OE group and 7 in the WLE group
(38.5% [5/13] vs 41.2% [7/17], P > .999). This progression
might be associated with a normal evolution of the Correa
cascade or missed suspicious lesions at the primary endo-
scopic diagnosis.

The study has some limitations. First, it was a single-
center trial with a relatively limited population that focused
on patients at high risk for gastric cancer. It is unclear
whether the results can be extended to low-risk patients.
Meanwhile, the diagnostic yields of GIM, GIN, and EGC

were based on experienced endoscopists, limiting the
generalizability of the findings to inexperienced endoscop-
ists. Thus, the findings may need further validation with en-
doscopists of varied experience and patients from different
risk stratifications. Second, the absence of random biopsy
sampling is a large limitation. The updated Sydney system
recommends 5 random biopsy samples (2 antrum, 1 inci-
sura, and 2 corpus) for patients with advanced stages of
AG.” However, in clinical practice, more biopsy samples
mean more time and higher costs. During the COVID-19
pandemic, clinical resources were under unprecedented
pressure. Thus, amore precise and targeted biopsy sampling
protocol was performed after obtaining informed consent.
In fact, several previous multicenter studies of image-
enhanced endoscopy techniques for neoplastic lesions in
high-risk populations used only targeted biopsy sampling
protocols.' ¥ However, observer bias cannot be fully ruled
out because it was impossible to blind the endoscopists.
Future studies should further explore the effect of random
biopsy sampling and targeted biopsy sampling for GIM.
Third, the actual 36.6% diagnostic yield of GIM, GIN, and
EGC was lower than the originally estimated 40% in the
ME-OE group. In hindsight, the actual power of 66.2% (1-
B) may lead to an underpowered study. Nevertheless, a
53.8% relative increase in diagnostic yield between 2 groups
(36.6% vs 23.8%, P = .018) is still statistically significant.
Fourth, the ME-OE group had a longer procedure time
than the WLE group. This may be due to the increased sus-
picious lesions and additional observations using magnifica-
tion in the ME-OE group. However, the prolonged time
might have contributed to the lesions’ detection, thereby
posing a potential risk of bias.'”*" Finally, the number of pa-
tients with GIN and EGC was small. Although ME-OE
improved the detection of GIM, it could not prove whether
the detection of GIN or EGC using ME-OE is superior to that
in WLE.

In conclusion, this randomized controlled study demon-
strated that ME-OE significantly improved the diagnostic
yield of GIM compared with WLE in high-risk populations.
ME-OE showed better diagnostic efficacy in the
endoscopic—pathologic correlation of GIM. ME-OE could
serve as a valuable tool to promote the observer reliability
of endoscopic diagnosis. More studies are needed to further
assess its value in different populations and endoscopists.
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SUPPLEMENTARY TABLE 1. Baseline diagnosis and outcomes of individuals who attended the follow-up endoscopy or received therapy for GIN
or EGC

Diagnosis at 2-3 y (142 patients in the magnification Diagnosis at 2-3 y (143 patients in the
endoscopy with optical enhancement group at baseline) white-light endoscopy group at baseline)
Baseline Gastritis GIM GIN or EGC Unknown Gastritis GIM GIN or EGC Unknown
Gastritis 8 5 0 77 10 7 0 92
GIM 1 13 1 31 1 4 0 26
GIN or EGC 6 received endoscopic or surgical therapy 3 received endoscopic or surgical therapy

GIM, Gastric intestinal metaplasia; GIN, gastric intraepithelial neoplasia; EGC, early gastric cancer.
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