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Table 1 Relationship between gastric receptor expression and
Helicobacter pylori infection

Table 4 Comparison of GR expression between regenerative and
corresponding intact mucosa

Human gastric Number of positive specimens with GR P value®

mucosa expression

H. pylori positive  H. pylori negative

(N = 56)* (N =70
Corpus 15 (27 %) 0 (0 %) <0.01
Antrum 6 (11 %) 0 (0 %) 0.02

GR Gastric receptor
® Two specimens from one patients
® Chi-square test with Yate’s correction

Table 2 Relationship between GR expression and grade of gastritis
in 112 biopsy specimens with H. pylori infection )

Gastritis grade GR ‘GR P value
positive negative
N=21) N=9D
Atrophy (none, mild/moderate, 7/14 25/66 NS
marked)
Mononuclear cell infiltration 8/13 47/44 NS
(none, mild/moderate,
marked)
Neutrophil infiltration (absent/ 10/11 61/30 NS
present)
Intestinal metaplasia (absent/  12/9 39/52 NS
present)

NS Not significant

Table 3 Relationship between GR expression and serum gastrin
level

GR positive GR negative P value
patients® (N = 17)  patients (N = 11)
Serum gastrin  230.3 4 192.1 1545 £176.2 NS

(pg/ml)

Data are present as the mean =+ standard deviation
# Patients with positive GR expression in at least one specimen

these specimens (sections stained with hematoxylin and
eosin staining) revealed regenerative and hypertrophic
changes in the gastric foveolar epithelium. As shown in
Table 4, a significantly higher expression of GR was
detected in the regenerating mucosa tissue compared with
the nearest corresponding normal mucosa. No differences
in GR expression was found in material examined pre- and
post-administration of PPI (data not shown).

Expression of GR in MKN-28 Cells and Its Alteration
by pH

The effect of pH alterations on GR expression was exam-
ined in vitro in cells cultured at different pH conditions,

Regcnefativc mucosa Non-regenerative P value
(N=12) N=12)

‘GR expression  10/12 (83 %) 2/12 (17 %) <0.01

and whole cell lysates were subjected to Western blotting.
As shown in Fig. 2, the expression level of GR protein was
lower in the neutral condition and increased in acidic -or
alkaline conditions ‘(Fig. 2a, b). Cell viability was evalu-
ated in these conditions, and the results confirmed that the
pH changes applied in this study did not affect cell viability
(Fig. 2¢). Gastrin did not have a positive effect on GR
induction (data not shown).

Discussion

In a previous study we demonstrated the expression of GR
in gastric neoplastic lesions [16], and in the present study
we demonstrated that GR is also expressed in non-neo-
plastic gastric mucosas. We raised a new antibody against
GR that is applicable to immunohistochemistry studies and
which now enables the expression of GR to be confirmed at
the protein level. To date, many reports have described the
expression of GR in the non-neoplastic gastric mucosa.
Kulaksiz et al. [22] reported that GR was mainly expressed
in parietal cells. In our previous study, we confirmed the
protein expression of GR in the non-neoplastic mucosa,
especially in the foveolar epithelium and the parietal cells
of the fundic gland [16]. Gastrin acts as a growth factor in
human epithelial tissue [2]; however, it is unclear whether
it acts directly or indirectly [23]. In the present study, we
confirmed the expression of GR in human gastric epithelial
cells, suggesting that gastrin may have a direct effect on the
human non-neoplastic gastric epithelium.

It should be emphasized that GR expression was more
obvious in (1) H. pylori-infected mucosas and (2) injured
mucosas. We did not detect any obvious expression of GR
in H. pylori-negative mucosas. To our knowledge, this is
the first study to show that H. pylori infection induces GR
expression. Previous studies have demonstrated that gastrin
increases GR expression in AGS cells (human adenocar-
cinoma of the stomach) and RGM-1 (rat gastric epithelial)
cells [24]. Indeed, among the patients enrolled in this
study, the serum gastrin level was significantly higher in
H. pylori-positive patients than in H. pylori-negative
patients. However, in the H. pylori-positive patients, we
could not find a clear correlation between GR expression
and serum gastrin level. Therefore, gastrin may only play a
partial role in inducing GR expression. In addition, we
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Fig. 2 Gastrin receptor expression in MKN-28 cells under various
conditions. The pH of the conditioned medium ranged from 6.0 to 8.0,
and whole cell extracts were subjected to Western blotting (a). The

could not find any association between the degree of gas-
tritis and GR expression. Therefore, it is unlikely that
cytokines induced by chronic inflammation induce GR
expression in the foveolar epithelium. A virulent factor
from H. pylori or stress conditions in epithelial cells may
influence GR expression, but the mechanism is still
unclear.

GR expression was heterogeneous in H. pylori-infected
mucosas; therefore, a second factor may be essential.
Fukuhara et al. [23] demonstrated that cell injury induced
GR expression in vitro and in an animal model, and our
results were completely consistent with their data. In our
study, obvious GR expression was detected in healing
mucosas, including those near ulcers/erosion scars. Thus,
the typical lesion caused by this mechanism may be a
hyperplastic ulcer scar after endoscopic mucosal resection
of early gastric cancer, as illustrated in Fig. 1. GR
expression was prominent in the foveolar epithelium dur-
ing hyperplastic changes. As we have demonstrated pre-
viously, the serum gastrin level is significantly higher in
patients with hyperplastic polyps [25]. The findings of a
recent Japanese multicenter study also support our theory

@_ Springer

expression level was evaluated by densitometry, and the relative
expression (GR/f-actin) level was calculated (b). Cell viability was
not affected by these different conditions (c)

[26]. In these cases, the hypergastrinemia acted as a strong
hyper-proliferation stimulus, resulting in polypoid healing.
Ashurst et al. [24] demonstrated that myofibroblasts are
candidate GR-expressing cells; however, our results clearly
show that the main GR-expressing cells are located in the
foveolar epithelium.

It remains unclear why GR expression is prominent in
the regenerating mucosas. One possibility is the influence
of the pH of the gastric juice. Normally, the surface of the
foveolar epithelium is covered with a thick mucus layer,
which maintains the pH at a relatively neutral level [27]. If
the mucus layer were to be removed, the luminal pH of the
foveolar epithelium would be directly influenced by
changes in the condition of the gastric juice. Our in vitro
experience suggests that the alteration of pH (acidic or
alkaline) around cells is an important stimulus for the
induction of GR expression. Stress on epithelial cells may
play a key role in GR induction because serum starvation
has also been found to induce GR in cultured cells [24].
H. pylori infection, which partially induced GR expression,
also influences the mucous structure on the surface and
may produce conditions that are stressful for the foveolar
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epithelium. In the present study, H. pylori-negative patient
with nonsteroid anti-infammatory drug-induced gastric
ulcer was not included. GR expression in these patients
should be examined in a next step to clarify the relationship
‘between GR expression and H. pylori infection.

It is important to clarify whether GR expression can cause
gastric carcinogenesis. In an animal model, gastrin was
observed to act synergistically with H. pylori to promote
gastric atrophy, which is a pre-malignant condition for gas-
tric .cancer [28]. Studies from the same group revealed that
gastrin and histamine receptor antagenists inhibit gastric
carcinogenesis, suggesting a carcinogenic role for the gas-
trin—gastrin receptor system [29]. A Japanese group recently
reported that the gastrin/GR system contributes to mucosal
hypertrophic changes in major histocompatibility complex
class T deficient mice [30]. In terms of colorectal and pan-
creatic cancer, many reports have suggested a role for the
gastrin—GR system in cancer development and progression,
and new anti-cancer therapies that interfere with this system
havebeen tested [31, 32]. Further studies should focus on the
relationship between GR expression and gastric cancer
development. In gastric cancer, most lesions are affected by
the chronic gastritis status induced by H. pylori, which may
be followed by hypergastrinemia. Therefore, the endocrine
system may also be important in gastric cancer. After the
eradication of H. pylori, the serum gastrin level recovers to
the normal level [3], which may have a preventive effect on
gastric cancer development or progression {33].

Conflict of interest None.
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Introduction

Abstract

Background and Aim: Magnifying endoscopy with flexible spectral imaging color
enhancement (FICE) is clinically useful in diagnosing gastric cancer and determining
treatment options; however, there is a learning curve. Accurate FICE-based diagnosis
requires training and experience. In addition, objectivity is necessary. Thus, a software
program that can identify gastric cancer quantitatively was developed.

Methods: A bag-of-features framework with densely sampled scale-invariant feature
transform descriptors to magnifying endoscopy images of 46 mucosal gastric cancers was
applied. Computer-based findings were compared with histologic findings. The probability
of gastric cancer was calculated by means of logistic regression, and sensitivity and
specificity of the system were determined.

Results: The average probability was 0.78 = 0.25 for the images of cancer and
0.31 = 0.25 for the images of noncancer tissue, with a significant difference between the
two groups. An optimal cut-off point of 0.59 was determined on the basis of the receiver
operating characteristic curves. The computer-aided diagnosis system yielded a detection
accuracy of 85.9% (79/92), sensitivity for a diagnosis of cancer of 84.8% (39/46), and
specificity of 87.0% (40/46).

Conclusion: Further development of this system will allow for quantitative evaluation of
mucosal gastric cancers on magnifying gastrointestinal endoscopy images obtained with
FICE.

can enhance vascular patterns and surface patterns and thus
distinguish neoplastic from non-neoplastic lesions.’*!
Intraobserver and interobserver variance is a problem,

Gastric cancer was reported as the second leading cause of cancer
deaths worldwide in 2008.' The World Health Organization reports
that deaths from cancer are projected to rise to over 11 million by
2030."! Therefore, it is very important to detect gastric cancer at an
early stage. Advances in gastrointestinal (GI) endoscopy have
resulted, internationally, in endoscopic treatment becoming the
main therapy for many early gastric cancers.”” However, early
detection and predicting the extent of a superficial neoplasm under
white-light endoscopic observation can be difficult because there
are few morphologic changes. Therefore, we have combined one
or more techniques, such as dye spraying,® magnification,*°
narrow-band imaging (NBI),""* and flexible spectral imaging
color enhancement (FICE) with gastric endoscopy to improve
its effectiveness. FICE can display color images with RGB com-
ponents, which are assigned to selected spectra, in real time. FICE

Journal of Gastroenterology and Hepatology 28 (2013) 841-847

however, for diagnosis of gastric cancer under magnifying endo-
scopy with FICE. Interpretation of endoscopic findings remains
subjective and can vary between individual endoscopists, espe-
cially novices. Although clinical training coupled with experience
is a realistic approach to predicting histologic diagnoses, a better
approach would be objective evaluation, such as computer-aided
evaluation. This would allow non-experts to achieve high diag-
nostic accuracy. The computer output could also be used as a
“second opinion” to avoid oversights during GI endoscopy and to
assist endoscopists in decision-making, thus avoiding unneces-
sary biopsy. We devised a software program that can quantita-
tively identify gastric cancer on images obtained by magnifying
endoscopy with FICE, and we evaluated reliability of the system
in the study described herein.
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Quantitative diagnosis of gastric cancer

Methods

Quantitative analysis system. For quantitative analysis
of mucosal gastric lesions, we developed a custom software
program that can represent features of endoscopic images and
quantify each image according to corresponding features on train-
ing images,®® which were obtained as described later. We use a
bag-of-features representation wherein an image is represented by
a histogram of visual words, which are produced by a hierarchical
k-means clustering of local features. Densely sampled scale-
invariant feature transform (SIFT) descriptors are used as local
features. Clustering was performed over all training images to
generate k clusters (these clusters are called visual words). SIFT
descriptors are then computed at points on a regular grid with
dense spacing and also at three different scales of local patches
centered at each grid point. All descriptors of 128 dimensions are
used by the clustering. A regular grid is used because the texture in
each FICE image fills the whole image. A support vector machine
(SVM) with a linear kernel is used as the classifier (Fig. 1).

Training images
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Training images. The training images were obtained from a
different group of patients used as validation images examined at
Hiroshima University Hospital with the use of a video endoscopy
system (EG-590ZW optical magnifying endoscope and VP-4400
high-definition video processor; Fujifilm Medical Co., Ltd, Tokyo,
Japan). Lesions were first detected in the patients by conventional
GI endoscopy and then observed by FICE at five sevenths of
maximum magnification (x100 magnification). The setting for
FICE was RGB wavelengths of 525 (3), 495 (4), and 495 (3) nm,
a setting suitable for magnifying observation. Thereafter, images
were digitized and stored (1280 x 1024 pixels). After detailed
observation by magnifying endoscopy with FICE, endoscopic
resection or surgical resection was performed, and HE-stained
sections were examined pathologically at Hiroshima University
Hospital. Patients and/or family members provided informed
consent for both endoscopic examination and pathologic exami-
nation of resected specimens. The study was conducted with full
approval of the ethics committee of Hiroshima University and
according to the guidelines of the Declaration of Helsinki.
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Figure 1 Flow diagram of classification by our system. The system uses densely sampled scale-invariant feature transform (SIFT) descriptors in a
bag-of-features framework. Images are represented by bag-of-features and then classified by a support vector machine (SVM) classifier.
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Cancer
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Noncancer

Figure 2 Example images from a set of images. Flexible spectral imaging color enhancement-derived magnifying endoscopy images of cancer and

noncancer tissues. A region of interest is cut out for analysis.

In gathering the training images of cancers, we selected images
of histologically confirmed cancers with either an irregular
microvascular pattern or an irregular microsurface pattern. In gath-
ering the training images of noncancer tissues, we selected images
of histologically confirmed noncancer tissues with a regular
microvascular pattern and a regular microsurface pattern. The
training set did not include images that were considered unsuitable
for evaluation (exclusion criteria: out-of-focus images, images that
were blurred, images with halation). On each FICE-derived mag-
nifying image, a region of interest (ROI) was selected manually
(Fig. 2) by two experienced endoscopists, one with 8 years and the
other with more than 15 years of experience in the field of GI
endoscopy. For cases in which there was a discrepancy in judg-
ment, the two endoscopists were asked to discuss the image and
reach a joint decision. The training set comprised 258 cut-out
images of gastric cancer (173 images of differentiated-type cancer
and 85 images of undifferentiated-type) and 235 cut-out images of
noncancer tissues.

Validation images. We produced a set of validation images
from 46 consecutive patients (32 men, 14 women; mean age,
67.0 years) with mucosal gastric cancer (18 superficial elevated
type, 28 superficial depressed type; 37 differentiated-type, 9
undifferentiated-type) who were examined between January 2010

Journal of Gastroenterology and Hepatology 28 (2013) 841-847

and January 2011. The validation images were gathered from
among FICE-derived magnifying endoscopic images of the histo-
logically confirmed mucosal gastric cancers. In the same manner,
we obtained images of noncancer tissue from around the lesions.
The validation set did not include images that were considered
unsuitable for evaluation.

On each FICE-derived magnifying image, an ROI was selected.
Validation images of both cancer and noncancer tissue were
extracted from these ROIs. Thus, we obtained 46 images each of
cancer and noncancer tissue from the 46 patients examined and
treated at our hospital. The image analysis software was applied to
the set of validation images. Results of computer-aided diagnosis
were compared with histopathologic classifications.

Calculation of the probability of gastric cancer.
We calculated, by means of logistic regression, the probability of
gastric cancer on the validation images.

The simple logistic function was defined by the formula,

P@H)=1/1+e™)

where P denotes the probability of gastric cancer, ¢ denotes the
distance from the boundary line for a cancer or noncancer tissue
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Probability P(®) =1/ (1+e?)

Figure 3 Probability means the distance from the boundary line for
cancer or noncancer tissue on training images. @ Data point (cancer
image); @ Data point (noncancer image).

on the training images, and e is the exponential function. The SVM
is used for discriminating two classes and generating the boundary
line that maximizes the distance between the hyperplane and the
nearest sample. We drew receiver operating characteristic (ROC)
curves for the probabilities and determined the optimal cut-off
point (Fig. 3).

Statistical analysis. Values are reported as mean = SD.
Differences in probability values were analyzed by Mann—
Whitney U-test, and “association between computer-aided and
histologic diagnoses of cancers and noncancer tissues was ana-
lyzed by Fisher’s exact test. A P value of <0.05 was considered
statistically significant. Analyses were performed with JMP
Statistical software version 9.02 (SAS Institute, Cary, NC, USA).

Results

Quantitative analysis by our system. The average
probability was 0.78 = 0.25 for images of cancer and 0.31 = 0.25
for images of noncancer tissue (Fig. 4a), with a significant differ-
ence (P <0.0001) between the two groups. The average pro-
bability for differentiated-type cancer was 0.78 = 0.25 and
for undifferentiated-type cancer was 0.78 = 0.24 (Fig. 4b). An
optimal cut-off point of 0.59 (Fig. 5) was determined on the basis
of the ROC curves.

Diagnoses achieved with our system are shown in relation to
histologic findings in Table 1. The computer-aided diagnosis
system yielded a detection accuracy of 85.9% (79/92). Sensitivity
for a diagnosis of cancer was 84.8% (39/46), specificity was 87.0%
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Figure 4 (a) Probability for images of cancer and noncancer tissue
(P < 0.0001 by Mann-Whitney U-test). Values are mean = SD.. (b) Prob-
ability for differentiated-type and undifferentiated-type cancers. Values
are mean = SD. N.S., not significant.

(40/46), positive predictive value was 86.7% (39/45), and negative
predictive value was 85.1% (40/47).

Discussion

We applied a quantitative analysis system to images of early
gastric cancer obtained by magnifying endoscopy with FICE and
analyzed our results to determine the feasibility of predicting his-
tologic diagnosis by means of the system. The FICE technology
provides for reconstruction of an image with an optional wave-
length selected via computer arithmetic processing. With a single
touch to a button on the grip of the scope, we can select the optimal
condition for observation of gastric lesions. Yao et al. reported

Journal of Gastroenterology and Hepatology 28 (2013) 841-847
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Figure 5 Receiver operating characteristic curve showing sensitivity
and specificity of our system and by which we determined the optimal
cut-off point.

Table 1 Results of computer-aided’ diagnoses of cancer and noncan-
cer in relation to pathologic diagnoses

Computer-aided diagnosis Pathologic diagnosis

Cancer (%) Noncancer (%)
Cancer {n= 45) 39 (84.8) 6 (13.0)
Noncancer (n = 47) 7 (15.2) 40 (87.0)
Total 46 (100) 46 (100)

The computer-aided diagnosis system yielded a detection accuracy of
86.9% (79/92).
TUsing optimal cut-off point of 0.59.

differences in the microvascular architecture observed under mag-
nifying endoscopy.”! In particular, an irregular microvascular
pattern is most useful for distinguishing between cancer and gas-
tritis. Combining NBI and magnifying endoscopy clearly visual-
izes the microanatomy and is a reliable imaging technique for
characterization and delineation of early gastric cancer,? and the
presence of either an irregular microvascular pattern with a demar-
cation line or an irregular microsurface pattern with a demarcation
line is associated with early gastric cancer. In this trial, we gath-
ered images of cancers and noncancer tissues on the basis of
magnifying observation.

The aim of computer-aided GI endoscopy-based diagnosis is to
provide objectivity and allow non-expert endoscopists to achieve
high diagnostic accuracy. Ohashi eral. attempted quantitative
evaluation by image-based analysis of the microvascular architec-
ture of gastric cancers observed under magnifying GI endoscopy.®
Our system considers all features of the images including the
vascular and surface patterns. Our previously reported software
program, HuPAS ver. 3.1, can predict the histology of colorectal
tumors on NBI magnifying colonoscopy images using a bag-of-
features framework. A bag-of-features (or bag-of-visual words,
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bag-of-keypoints) is .a representation of images mainly used for
generic object recognition or category recognition. Bag-of-
features for object recognition was proposed by Csurka et al.® in
2004 and has since been widely used for general object recognition
and image retrieval®**” The aim of our system is to differentiate
cancer from noncancer tissue. This is the first step toward a
computer-aided detection system to aid physicians in diagnosing
early-stage cancers.

In this study, we calculated the probability of gastric cancer by
logistic regression. A logistic function is a common sigmoid curve,
given its name by Pierre Francois Verhulst who studied it in rela-
tion to population growth. It can model the “S-shaped” population
growth curve. The initial stage of growth is approximately expo-
nential; then, as saturation begins, growth slows, and at maturity,
growth stops. In statistics, logistic regression is used for predicting
the probability of occurrence of an event by fitting data to a logistic
function. It is a generalized linear mode] used for binomial regres-
sion. Like other forms of regression analysis, it makes use of one
or more predictor variables that may be either numerical or cat-
egorical. Logistic regression is used extensively in the medical and.
social sciences fields. In this study, there was a significant differ-
ence in the average probability between images of cancer and
images of noncancer tissues.

Our study was limited in two respects. One is that we used
images that were chosen by an endoscopic specialist. We are in
the process of developing a computerized system that will allow
automatic selection of ROIs. The other is that although we
applied our system to mucosal gastric cancers with few morpho-
logic changes, we identified the cancers and noncancer lesions
on the basis of the microvascular and microsurface patterns, but
we did not consider the demarcation lines. We are attempting to
develop a system that will identify the tumor boundary lines
automatically.

For real-time evaluation of GI endoscopic images, regardless of
the condition, improvements are needed that will allow automatic
selection of ROIs, identification of the tumor boundary line (i.e.
the demarcation line), and real-time computerized assessment
during GI endoscopic examination. We are developing a real-time
computerized system for guantitative evaluation of gastric lesions
under magnifying GI endoscopy with FICE (Fig. 6). Further
development that will allow magnifying observation without a
zoom lens by high-resolution charge-coupled device or comple-
mentary metal oxide semiconductor image sensors will permit
novices to use the computer-aided system without needing to
identify the discriminatory features of lesions. They will simply
need to bring gastric lesions into clear focus when they believe a
FICE image should be expressed numerically.

In conclusion, we developed a computer-aided system for iden-

" tifying mucosal gastric cancers quantitatively on FICE-derived

magnifying endoscopy images. Further development of our system
will allow for more accurate and real-time diagnosis of gastric
lesions.

Acknowledgments

The authors thank Mr Jyunki Yoshimuta, Mr Takahishi Takeda,
and Mr Tsubasa Hirakawa for the development of the algorithm
and for programming our system.

845

® 2013 Journal of Gastroenterology and Hepatology Foundation and Wiley Publishing Asia Pty Ltd



Quantitative diagnosis of gastric cancer

R Miyaki et al.

Figure 6 Observation of gastric cancer and real-time computerized system for quantitative evaluation of cancer and noncancer tissue under
magnifying gastrointestinal endoscopy with flexible spectral imaging color enhancement (FICE). The probabilities of cancer and noncancer tissues in
the red squares are shown on the left. (a) White-light image of gastric cancer. (b) FICE image of gastric cancer. (c) FICE magnification image of gastric

cancer. (d) Real-time computerized identification of cancer. (e) Real-time computerized identification of noncancer tissue.
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Summary

Diagnosis and Clinical Characteristics Observed in
Gastric Cancer Patients without Helicobacter
pylori Infection
Masanori Ito”, Taiji Matsuo™ ",
Tomoyuki Boda®, Yoko Matsumoto®,
Masaharu Yoshihara™®, Shiniji Tanaka™*
and Kazuaki Chayama”

The prevalence of Helicobacter pylori-negative gastric
cancer is very low and the pathological characteristics are
different from those observed with common gastric cancer.
More than 10% of patients with early gastric cancer were
sub-classified into group A in spite of the presence of corpus
atrophy. Accurate evaluation of gastric cancer risk must be
improved.
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