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Quality Indicators for the Detection of Helicobacter pylori-Negative
Early Gastric Cancer: A Retrospective Observational Study
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Background/Aims: While Helicobacter pylori (HP)-negative gastric cancer is frequently reported, little is known about the predictors
for detecting HP-negative early gastric cancer (EGC). We aimed to evaluate the predictors for the detection of HP-negative EGC.
Methods: We retrospectively reviewed 13,477 consecutive asymptomatic cases where upper endoscopy was performed by nine
physicians from April 2017 to March 2019 and analyzed the detection rate of high-risk lesions (HRLSs), including EGC, tubular
adenoma, and lymphoma, according to the status of HP infection. The observation time was corrected for multiple regression analyses.
Results: For all physicians, the average observation time for screening HP-eradicated and -naive patients was shorter than that for
screening HP-positive patients (p<0.05). Multiple regression analyses revealed that the observation time in the three groups was an
independent predictor for detecting HRLs in HP-eradicated patients (p=0.03106, 0.01263, and 0.02485, respectively), while experience
of endoscopy was an independent predictor for detecting HRLs in HP-naive patients (p=0.02638).

Conclusions: While observation time during screening endoscopy was a quality indicator for detecting HRLs in HP-eradicated patients,
experience of endoscopy was a quality indicator for detecting HRLs in HP-naive patients. Clin Endosc 2020;53:698-704
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INTRODUCTION

Helicobacter pylori (HP) is a major cause of carcinogenesis
in the gastric mucosa, and the majority of intestinal-type early
gastric cancers (I-EGCs) develop in the HP-positive gastric
mucosa.”” Moreover, diffuse-type EGCs (D-EGCs) can be
detected in the HP-positive gastric mucosa. While current HP
infection is a risk factor for both I-EGC and D-EGC, success-
ful therapy and HP eradication decreases the prevalence."
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Since eradication therapy of HP has been performed and pub-
lic hygiene has improved worldwide, the proportion of people
carrying HP has gradually decreased, and subsequently the
likelihood for encountering HP-negative EGCs, including HP-
naive EGCs, has increased.” Close follow-up after successful
HP-eradication therapy revealed the possibility that EGCs
could be detected in uninflamed gastric mucosa.” Additional-
ly, various types of HP-naive gastric cancers, including gastric
adenocarcinoma of the fundic gland type (GA-FG) and pure
signet ring cell carcinoma, have been reported.”""'"> However,
it is fairly difficult to detect HP-negative gastric cancers, in-
cluding HP-naive EGCs, compared to HP-associated EGCs
because the characteristics of such cancer are unclear and
atypical.”” In addition, physicians tend to pay less attention to
lesions during screening HP-naive gastric mucosa.

In Japan, gastric cancer screening has been widely per-
formed. Recently, it was suggested that screening by endosco-
py is more effective than the barium swallow test with respect
to detecting gastric cancer and reducing mortality rates due
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. 14-16
to gastric cancers.

Based on this evidence, screening by en-
doscopy has been willingly chosen for the municipality based
civilian medical checkup. In addition, a number of private
companies promote the medical checkup of their employees,
including an examination by upper endoscopy. Consequently,
endoscopy centers for gastric cancer screening are required to
perform a number of endoscopic examinations a day in a rel-
atively short time; thus, missing EGC generated in HP-erad-
icated or -naive mucosa is considered likely. Moreover, the
examination time of an upper endoscopy was reported to be
a quality indicator for upper endoscopy.”"
known whether the shortness of the examination time influ-

However, it is un-

ences the detection rate of EGCs, especially in the HP-negative
stomach. Furthermore, the detection rate of EGCs depends
on the frequency of biopsy and the physician’s experience of
endoscopy.” In this study, we aimed to find quality indicators
for detecting EGCs generated in the HP-negative stomach.

MATERIALS AND METHODS

Subjects

A total of 13,536 cases where upper endoscopy was per-
formed from April 2017 to March 2019 were found in the
endoscopic registry of Koganei Tsurukame Clinic; the data for
these cases were retrospectively reviewed. All examinations
were performed as part of the medical checkup and the sub-
jects did not show any symptoms. In total, 35 patients who
underwent surgical resection of the stomach and 24 patients
who had food debris in their stomach were excluded. Conse-

Table 1. Physician and Patient Characteristics
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quently, 13,477 cases where upper endoscopy was performed
were analyzed in this study.

Endoscopic procedures

All physicians were trained based on the program of the
Japan Gastroenterological Endoscopy Society. The method
of observation of the stomach was fixed in a unified manner:
The mucus of the whole stomach was carefully removed with
a cleaning solution, including mucolytic agents (Dimethicone),
following which, each part of the stomach from the cardia
to the pylorus was observed. All physicians were obliged to
take at least 40 pictures of each location of the stomach. A
specialist of endoscopy was defined as a board-certified mem-
ber of the Japan Gastroenterological Endoscopy Society. The
experience of endoscopy was defined as the elapsed year after
starting training based on the Japan Gastroenterological En-
doscopy Society.

Data collection

Detailed information of each case, including the physician
who performed the examination, use of sedative agents (in-
cluding propofol, midazolam, and pethidine hydrochloride),
observation time, biopsy taken during the examination, and
the extent of atrophic gastritis, was taken. The observation
times of the stomach were retrospectively calculated as the
difference between the time that the first and last pictures
were taken. If a biopsy was taken, this time during the proce-
dure was excluded. The results of the biopsy were referred to
in corresponding patients’ medical records. Detected lesions,
including EGCs, neuroendocrine tumors, lymphomas, other

Physician characteristics Patient characteristics
Physician Experience ' Number of Number Sedative Statlfs of Ifelicobac.t('ar pylori
Sex of endoscopy Certified of cases  Age Sex (M:F) infection (positive/
(yr) ez (el (per day) (%) eradicated/naive) (%)

A M 8 Yes 2,387 25.8 48 1.28:1 62.3 71/402/1,914 (3.0/16.8/80.2)
B M 6 No 2,069 2P0 46.2 1.16:1 60.1 66/343/1,660 (3.2/16.6/80.2)
C M 12 Yes 611 232 47.4 1.3:1 67.3 21/91/499 (3.4/14.9/81.7)
D F 9 Yes 2,049 20.8 47.1 1.22:1 59.9 73/263/1,712 (3.6/12.8/83.6)
E F 5 No 2,091 234 48.6 1.21:1 63.4 69/309/1,713 (3.3/14.8/81.9)
F M 8 Yes 635 26.6 46.3 1.24:1 62.2 20/136/479 (3.2/21.4/75.4)
G F 8 Yes 603 23.8 46.2 1.32:1 65.2 17/135/451 (2.8/22.5/74.7)
H M 4 No 681 24.8 47.8 1.36:1 64.8 20/151/510 (3.0/22.1/74.9)
1 M 14 Yes 2,351 254 47.2 1.09:1 59.2 70/479/1,802 (3.0/20.4/76.6)
Total 13,477 427/2,309/10,740
Average 24 47.2 1.24:1 62.7 (3.2/17.1/79.7)

Certified: board-certified member of Japan Gastroenterological Endoscopy Society; Sedative: ratio of using sedative agents.
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types of gastric cancer, and intestinal adenomas, were defined
as high-risk lesions (HRLs).

Status of HP infection

The status of HP infection was tested by serum anti-HP IgG
antibody level, fecal HP antigen, urea breath test, and direct
observation of biopsy sample. A serum anti-HP IgG anti-
body level <3 mL/IU was regarded as negative for infection,
whereas positive for HP infection was judged based on the
positive results of at least two distinct tests. All patients were
questioned for their past HP eradication therapy. In addition,
the degree of atrophy of the stomach was verified in order to
validate whether the individual’s answer for their experience
of HP eradication was consistent with the change in the gas-
tric mucosa. The extent of atrophic gastritis was described
according to the Kimura-Takemoto classification.” The study
protocol was approved by the Ethics Commiittee of the Tsuru-
kame Clinic (Approval number: 1801).

Statistical analyses

All statistical analyses were performed with R 3.3.3.” A
one-way ANOVA was performed to compare data averages
between two independent groups, and the results were ex-
pressed in terms of meanztstandard error. Regression analyses
were performed for explanatory variables with significant
differences, and p-values were evaluated. Pearsons correlation
analyses were performed for two distinct objective variables,
and the results were described as correlation coefficient (r)
and p-value. P-values less than 0.05 were regarded as statisti-
cally significant. A multiple linear regression model with two
distinct explanatory variables was used to establish the predic-

Table 2. Examination Summary

tion model of the detection rate of HRL.

RESULTS

Physician and patient characteristics

A total of 13,477 cases of upper endoscopy, including exam-
inations for both outpatients and medical checkup, were per-
formed by nine physicians. The characteristics of the patients,
as well as the physicians who performed the endoscopies are
shown in Table 1. The mean number of cases that physicians
performed a day was 24.0. The patients’ mean age was 47.2
years old, and the ratio of male to female was 1.24:1. On the
basis of the existence of atrophic gastritis and examinations
for determining HP infection, the status of HP infection was
current among 427 cases (3.2%), past infection among 2,309
cases (17.1%), and uninfected among 10,740 cases (79.7%).
There were no significant differences in patient background
among the examining physicians. Notably, there were no sig-
nificant differences in baseline characteristics for each group;
HP-positive, -eradicated, and -naive.

Observation time for stomach screening was shorter
in the HP-eradicated and -naive patients compared
to the HP-positive patients

To address whether the observation time varies according
to the status of HP infection, we compared the observation
time of the HP-positive and -negative patients for all physi-
cians. We found that the observation time in the HP-eradicat-
ed and -naive patients was significantly shorter for all physi-
cians (p<0.05, one-way ANOVA) (Table 2).

Time (sec) HRL
. . . o

phsicen el HP+ eradI;IcI:l-ted“) HP-naive” sorsy 09 L) Le1e(59) eradiglfe-d (%) naigf E%)
A 2529 293.4 238.9 2258 253 8(0.34) 2(2.82) 3(0.75) 3(0.16)
B 236.7 2752 2345 2212 15 7(034)  3(4.55) 3(0.87) 1 (0.06)
C 2114 2572 198 183.2 237 3(0.49) 0 (0) 1(L.1) 2(0.4)
D 209.9 253 198.6 185.4 7.1 7(034)  2(2.74) 3 (1.14) 2(0.12)
E 206.9 270 195.3 182.1 9.2 6(029)  2(2.9) 2 (0.65) 2(0.12)
E 204.1 257.8 184.2 170.3 25.3 1(0.16) 0(0) 1(0.74) 0(0)
G 193.8 231.7 175.4 166.2 24.9 1(0.17) 1(5.88) 0(0) 0(0)
H 191.3 245 173.6 164.5 30.1 0 0(0) 0(0) 0(0)

1 184.1 239.8 170.1 162.8 55.3 4(0.17) 2(2.86) 2(0.42) 0(0)
Total/Average  210.1 257 196.5 184.6 24 37(027) 12(2.41) 15 (0.63) 10 (0.095)

HP, Helicobacter pylori; HP+, Helicobacter pylori-positive; HRL, high-risk lesion.

¥P<0.05, compared to time of HP+ (one-way ANOVA).
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Observation time and experience of endoscopy cor-
relate with the detection rate of high-risk lesions in
HP-eradicated and -naive patients

We explored the relationship between various physician
factors and the detection rate of HRLs found in our registry.
Among the 13,477 cases of our registry, 23 cases of HRLs,
including EGCs, were found (Table 2). The detection rate of
HRLs in the HP-positive patients was 2.41% (12 cases; 3 cases
of D-EGC, 6 cases of I-EGC, and 3 cases of intestinal adeno-
ma). In contrast, the detection rate of HRLs in the HP-eradi-
cated and -naive patients was much lower at 0.63% (14 cases;
3 cases of D-EGC, 7 cases of I-EGC, and 4 cases of intestinal
adenoma) and 0.095%, respectively (10 cases; 3 cases of GA-
FG, 1 case of raspberry like tumor, 1 case of neuroendocrine
tumor, 2 cases of mucosa-associated lymphoid tissue lym-
phoma, 2 cases of D-EGC, and 1 case of gastric-type I-EGC)
compared to HP-positive patients. There was no significant
difference in the pathological characteristics of the cancers in

Ishibashi F et al. Quality Indicators for HP-Negative EGCs

the three groups. Correlation analysis revealed that experience
of endoscopy correlated with the detection rate of HRLs in
the HP-naive patients (r=0.7273; Table 3). The observation
time in the HP-positive, -eradicated, and -naive patients only
correlated with the detection rate of HP-eradicated HRLs
(r=0.713, 0.7827, and 0.7323, respectively). These results sug-
gest that observation time and experience of endoscopy are
quality indicators for the detection of HRLs in HP-eradicated
and -naive patients.

Observation time and experience of endoscopy are
quality indicators for detecting high-risk lesions in
HP-negative patients

To confirm the possibility that observation time and ex-
perience of endoscopy are predictors for the detection rate
of HRLs in HP-eradicated and -naive patients, we employed
regression analysis for each explanatory variable (Table 4).
Single regression analysis revealed that observation time

Table 3. Results of Correlation Analysis between Explanatory Variables and the High-Risk Lesion Detection Rate

Detection rate of HRL
Total HP-positive HP-eradicated HP-naive

Sex 0.04798 0.5648 -0.06976 -0.1026
Experience of endoscopy 0.6371 -0.06509 0.5587 0.7273
Certified -0.05964 0.08052 -0.05516 -0.1207
Use of sedative agents 0.02868 -0.1991 -0.1385 0.2746
Number of case (a day) -0.5406 -0.4135 -0.4362 -0.4651
Observation time (HP-positive) 0.6586 0.05001 0.713 0.5014
Observation time (HP-eradicated) 0.816 0.3137 0.7827 0.5965
Observation time (HP-naive) 0.7796 0.3476 0.7323 0.5561
Frequency of biopsy -0.2999 -0.0918 -0.3101 -0.2971

The number indicates the r-value.

HP, Helicobacter pylori; HRL, high-risk lesion.

Table 4. Results of Regression Analysis for Determining the Factors for Predicting the High-Risk Lesion Detection Rate

Detection rate of HRL
Total HP-positive HP-eradicated HP-naive

Experience of endoscopy 0.7285/-0.1219 0.8678/-0.138 0.1179/0.2138 0.02638/0.4617
Observation time (HP-positive) 0.05372/0.3529 0.8983/-0.14 0.03106/0.4382 0.1691/0.1445
Observation time (HP-eradicated) 0.007306/0.6182 0.4111/-0.3041 0.01263/0.5574 0.08995/0.2638
Observation time (HP-naive) 0.01324/0.5517 0.3594/-0.004792 0.02485/0.4701 0.12/0.2106
Experience + observation time (HP-positive) 0.01762/0.653 0.9769/-0.323 0.02057/0.6347 0.02853/0.5926
Experience + observation time (HP-eradicated) 0.0004782/0.8957 0.01395/0.679 0.008093/0.7323 0.01395/0.679
Experience + observation time (HP-naive) 0.000583/0.8886 0.655/-0.158 0.01242/0.6913 0.01396/0.6789

The number indicates p-value/adjusted r-squared.

HP, Helicobacter pylori; HRL, high-risk lesion.
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during screening HP-positive, -eradicated, and -naive stomach
was an independent predictors for detecting HRLs in the HP
-eradicated patients (p=0.03106, 0.01263, and 0.02485, respec-
tively). In addition, experience of endoscopy was an indepen-
dent predictor for detecting HRLs in the HP-naive patients
(p=0.02638). Subsequently, we employed the same dataset for
the multiple regression analysis to estimate the most efficient
combinations of explanatory variables. As a result, the com-
bination of observation time and experience of endoscopy
improved the prediction of HRLs in HP-naive patients (Table
4). By using the equation on the basis of the result of Table 4,
we estimated the detection rate of HRLs according to expe-
rience of endoscopy and observation time in the HP-naive
stomach (Table 5). This result suggested that less-experienced
physicians could improve their detection rate of HRLs by tak-
ing sufficient time for screening. Furthermore, we validated
this established model through the observed-predicted plot,
and subsequently proved that the actual detection rates of
HP-negative HRLs by physicians were well predicted (Fig. 1).

DISCUSSION

In contrast to the knowledge of the quality indicators for
colonoscopy, little is known about the quality indicators for
detecting EGCs.” A few studies have revealed that several fac-
tors, including observation time and frequency of biopsy, are
quality indicators for detecting EGCs. In this study, we aimed
to validate previously reported quality indicators for detecting

Table 5. Estimated Detection Rate of High-Risk Lesions in Helicobacter pylori-
Naive Patients by Using the Established Model

Experience of  Observation time O
endoscopy (yr) (HP-naive) rate of"HRLs
(HP-naive) (%)

4 180 -0.04363

4 210 0.04097

4 240 0.12557

6 180 0.039712

6 210 0.124312

6 240 0.208912

8 180 0.123054

8 210 0.207654

8 240 0.292254

10 180 0.206396

10 210 0.290996

10 240 0.375596

HP, Helicobacter pylori; HRLSs, high-risk lesions.
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HRLs, including EGCs, on the HP-positive and HP-negative
stomach. As previous reports have indicated, we found that
longer observation time during screening of the stomach was
a predictor for detecting HRLs. Notably, we analyzed our
dataset according to the status of HP infection, defined as cur-
rent infection, past infection, and HP-naive.

EGCs generated in the atrophic mucosa after successful
HP eradication therapy are difficult to detect because these
EGCs usually manifest as diminutive and atypical lesions.”
Physicians recognize that HP-positive patients are at high risk
for generating EGCs compared to HP-negative patients. In
addition, the stomach of HP-positive patients is more difficult
to screen than that of HP-negative patients due to increased
mucus and active inflammation. The time required for screen-
ing the stomach is affected by such conditions. In contrast, it
has been suggested that stomach with reduced inflammation
post successful eradication therapy of HP tends to be screened
for a shorter time compared to the HP-positive stomach. In
fact, we revealed in this study that the observation time of
the HP-eradicated stomach was significantly shorter than the
HP-positive stomach.

Longer observation time during upper endoscopy is known
to be a reliable quality indicator for detecting HRLs.”" As we
indicated above, the observation time was affected by the sta-
tus of HP infection. Nevertheless, it has yet to be determined

e
o

Observed value (%)

e
=}

0.0 0.1 0.2 0.3
Predicted value (%)

Fig. 1. Observed-predicted plot of the detection rate of Helicobacter pylori
(HP)-naive high-risk lesions (HRLs). On the basis of the equation calculated
by multivariate analysis, a black line was drawn for the prediction of the phy-
sicians’ detection rate of HP-naive HRLs. The grey area indicates the 95%
confidence interval. Each dot plot indicates the actual physicians’ detection rate
of HP-naive HRLs.



whether a shortened observation time lowers the detection
rate of EGCs in HP-negative patients. In addition, it is not yet
known whether other factors, including frequency of biopsy,
are reliable quality indicators for detecting HRLs in HP-neg-
ative patients. In this study, we revealed that the observation
time was a predictor for the detection of HRLs found in
the HP-eradicated stomach. Thus, a shortened observation
time may result in an increased risk of missing HRLs in the
HP-eradicated stomach.

HP is a well-known and potent causative agent of stomach
cancer. Endoscopic findings enable endoscopists to estimate
the presence of HP; therefore, it is expected that detection of
HP-positive HRLs might be easier than HP-negative HRLs.
However, no significant predictor for detecting HP-positive
HRLs was found in our study setting. In contrast, HP-naive
gastric mucosa merely generates malignant lesions, with the
exception of recently reported GA-FG and other rare lesions,
thus physicians have less experience of detecting HP-naive le-
sions. In this study, experience of endoscopy was found to be a
predictor for detecting HRLs in the HP-naive stomach, while
observation time during screening the HP-naive stomach was
not. Less experienced physicians, such as trainees, should be
intensively trained for detecting these rare lesions according
to the training program, and screen the HP-naive stomach
carefully. Notably, the multiple regression model we estab-
lished indicated that longer observation time on the HP-naive
stomach might complement less experience of the physician.

This study has several limitations. First, this study was a ret-
rospective observation study that involved selection bias for
subjects. The average age of subjects was 47.2 years old, thus
this study did not cover the general population in Japan. Our
cohort enclosed younger age people than the general popu-
lation because most patients in our institution were healthy
employees of private companies. Second, we only analyzed
37 cases of HRLs in the small cohort (a total of 13,477 cases)
and only nine endoscopists were enrolled in this study; thus,
the statistical power and reliability for the analyses might be
weak. Third, the actual observation time of the stomach might
be underestimated because we calculated the observation time
retrospectively by using recorded pictures, and the time need-
ed for the elimination of mucus, especially in the HP-positive
stomach, was included in the calculation of the observation
time. Fourth, judgement on the degree of atrophy of the stom-
ach lacked inter-observer agreement in the study. Finally, it
was difficult to address whether the experience of endoscopy
had a continuous effect on the detection of HRL because we
did not follow the performance of the same endoscopist over
the years. To overcome these limitations, a large scaled-pro-
spective study should be conducted.

In conclusion, we revealed that experience of endoscopy

Ishibashi F et al. Quality Indicators for HP-Negative EGCs

was a quality indicator for detecting HRLs in HP-naive pa-
tients, whereas observation time during screening endoscopy
was a quality indicator for detecting HRLs in HP-eradicated
patients.
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