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Abstract

Objective: This study aimed to validate a low-cost whole slide imaging (WSI) system, the MoticEasyScan Pro 6
(Motic, Hong Kong), combined with consumer-grade laptops, for the evaluation of gastric ulcer biopsies by pathology
residents. Methods: Sixty-six gastric biopsy slides were scanned at 40x magnification and reviewed by nine pathology
residents across three training levels. Each resident interpreted both digital and glass slides for malignancy, Helicobacter
pylori (H. pylori), and intestinal metaplasia (IM) subtypes, with a one-month washout period between formats. Diagnostic
agreement was assessed using percentage agreement and kappa statistics, while paired t-tests were used to compare
diagnostic times. Results: Diagnostic agreement between digital and glass slides was highest for malignancy (93.8%,
almost perfect), followed by IM (82.6%, substantial) and H. pylori (67.8%, fair). Agreement for incomplete IM was
significantly lower than for complete IM (70.6% vs. 82.4%, p = 0.02). Discordant diagnoses most frequently involved
mild H. pylori infection and incomplete IM. Six of nine residents required more time to evaluate digital slides compared
to glass slides (138 vs. 90 seconds, p < 0.01), though diagnostic accuracy and time taken were not correlated with
training level. Factors contributing to low diagnostic agreement included subtle histologic features, misinterpretation
of pseudogoblet cells, overlooked small foci of IM, and inconspicuous microorganisms. Conclusion: Low-cost WSI
systems are feasible for resident training in gastric ulcer biopsy interpretation, especially for distinguishing malignancy.
However, lower agreement for H. pylori and incomplete IM highlights the challenges of recognizing subtle histologic
features on digital slides. Incorporating structured digital pathology training and increasing exposure to WSI during
residency may improve diagnostic performance.
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Introduction

Gastric ulcers can be either benign or malignant, and
their histopathologic evaluation is essential for guiding
patient care. Accurate interpretation is critical, as failure
to detect malignancy may delay treatment and worsen
prognosis, whereas overdiagnosis can lead to unnecessary
surgical intervention. Diagnosing these lesions can be
challenging, particularly when clinical information is
limited at the time of biopsy [1]. This difficulty is further
compounded in settings where endoscopists have limited
experience or when the quality of endoscopic equipment
is suboptimal [2]. Certain histologic features, such as
Helicobacter pylori (H. pylori) infection and intestinal

metaplasia (IM), especially the incomplete subtype,
have important clinical implications that can influence
management decisions and surveillance strategies.

The use of whole slide imaging (WSI) for primary
diagnosis has expanded rapidly following the COVID-19
pandemic [3]. Several digital slide scanners have been
approved by regulatory bodies including the United States
Food and Drug Administration for primary diagnosis. As
digital pathology becomes increasingly integrated into
routine diagnostic practice and examination processes
[4], early exposure during residency is essential to ensure
diagnostic competence. Despite this growth, pathology
residents in many resource-constrained institutions still
have limited access to WSI systems during training. This

!Division of Pathology, Thammasat University Hospital, Pathum Thani, Thailand. *Division of Pathology, Chulabhorn International
College of Medicine, Thammasat University, Pathum Thani, Thailand. *For Correspondence: thiyapat@tu.ac.th

Asian Pacific Journal of Cancer Prevention, Vol 27 319



Warut Thinpanja et al

limited exposure may hinder development of diagnostic
skills using digital slides, which are increasingly used in
education, consultation, and practice.

Previous validation studies of WSI in gastrointestinal
pathology have primarily focused on experienced
pathologists using high-cost systems [5, 6]. Evidence
supporting the use of more affordable alternatives for
resident training remains limited [7]. In particular, few
studies have assessed the ability of less experienced
trainees to identify diagnostically subtle but clinically
important features [8]. This study aims to validate a low-
cost WSI system for evaluating gastric ulcer biopsies by
pathology residents.

Materials and Methods

Case Retrieval

All consecutive cases labeled as “gastric ulcer” on
the pathology request form and initially diagnosed by
a gastrointestinal pathologist (TL) were included. Non-
neoplastic biopsy slides were stained with Giemsa to
enhance the detection of H. pylori. The extent of H. pylori
infection and intestinal metaplasia was assessed using
visual analogue scales as outlined in the updated Sydney
System for the classification of gastritis [9]. For each
case, one representative slide was selected. Key histologic
features malignancy, H. pylori, IM, complete IM, and
incomplete IM were independently assessed by another
pathologist (SA) to establish the reference standard.
In cases of diagnostic disagreement, both pathologists
(TL and SA) reviewed the slides together and reached a
consensus diagnosis.

Slide Digitalization

Glass slides were scanned with a 40x objective lens
on the MoticEasyScan Pro 6 (Motic, Hong Kong) using
the high-precision autofocus mode, yielding a resolution
of 0.26 nm/pixel. The resulting digital images measured
35,441-88,089 pixels in width and 223,614-258,284
pixels in height. Two pathologists (TL and SA) evaluated
the quality of each digital slide. Slides with blurred images
were rescanned.

Participants

After a didactic lecture on interpreting gastric biopsy
specimens, nine pathology residents participated in the
evaluation of both digital and glass slides, with a one-
month washout period between sessions. The group
included four first-year residents (6 months of experience),
three second-year residents (1.5 years of experience),
and two third-year residents (2.5 years of experience).
All had experience interpreting gastric biopsies on glass
slides in routine practice but minimal exposure to digital
slides. For each slide, they first determined whether the
ulcer was benign or malignant. If benign, they assessed
the presence of H. pylori and IM, including classification
into complete or incomplete subtypes. The diagnostic time
for each digital and glass slide was recorded.

Data Analysis
Diagnostic agreement for each histologic feature
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was assessed using percentage agreement and kappa
statistics. Kappa values were categorized to reflect levels
of agreement: less than 0 indicated poor agreement, 0.01
to 0.20 slight agreement, 0.21 to 0.40 fair agreement,
0.41 to 0.60 moderate agreement, 0.61 to 0.80 substantial
agreement, and 0.81 to 0.99 almost perfect agreement.
Cases with discordant diagnoses in more than 33% of
participants (more than 3 out of 9) were subjected to
further analysis. Paired t-tests were used to compare
diagnostic times for digital and glass slide interpretation
for each participant. A p-value of less than 0.05 was
considered statistically significant. All statistical analyses
were performed using STATA version 18 (StataCorp.,
Texas, USA).

Results

Specimen Characteristics

A total of 66 specimens, including 18 malignant
ulcers and 48 benign ulcers, were retrieved. All of the
former were adenocarcinoma. Specimen characteristics
are summarized in Table 1.

Diagnostic Agreement of Each Histologic Finding

Heat maps illustrating diagnostic agreement for each
histologic finding including adenocarcinoma, H. pylori,
IM, complete IM, and incomplete IM are shown in Figure 1.
Table 2 summarizes the mean percentage agreement, kappa
values, and corresponding interpretations comparing
digital and glass slide diagnoses, stratified by year of
pathology residency. Among all histologic findings,
agreement for adenocarcinoma was the highest (%
agreement = 93.8), indicating almost perfect agreement.
IM and complete IM showed substantial agreement, while
H. pylori and incomplete IM demonstrated fair agreement.
Notably, agreement for incomplete IM was significantly
lower than for complete IM (70.6% vs. 82.4%, p = 0.02).
First-year residents showed lower levels of agreement
across all findings compared with second- and third-year
residents.

Analysis of Histologic Findings of Slides with Low
Diagnostic Agreement

A total of 34 instances were identified in which more
than one-third of participants (at least four) rendered
discordant diagnoses between digital and glass slides
(Figure 2). The most common discrepancies involved H.
pylori (12 instances) and incomplete IM (10 instances).

Table 1. Specimen Characteristics

Characteristics N (%)

Malignant 18 (28.3)
Poorly cohesive carcinoma 13 (72.2)
Tubular adenocarcinoma 5(27.8)

Benign 48 (72.7)
Helicobacter pylori 15(31.3)
Intestinal metaplasia 34 (70.8)
Complete intestinal metaplasia 33 (68.8)
Incomplete intestinal metaplasia 16 (33.3)
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Table 2. Diagnostic Agreement Metrics by Year of Pathology Residency Across Histologic Findings.

Histologic findings %Agreement Kappa
Mean SD Value SD Level of agreement
Adenocarcinoma
First-year residents 90.2 6.8 0.71 0.24 Substantial
Second-year residents 97.5 0.9 0.93 0.02 Almost perfect
Third-year residents 95.5 2.1 0.88 0.06 Almost perfect
Overall 93.8 5.5 0.82 0.2 Almost perfect
Helicobacter pylori
First-year residents 63.5 8.4 0.2 0.11 Slight
Second-year residents 73.6 7.9 0.4 0.13 Fair
Third-year residents 67.7 133 0.25 0.1 Fair
Overall 67.8 9.3 0.28 0.14 Fair
Intestinal metaplasia
First-year residents 79.7 8.7 0.58 0.16 Moderate
Second-year residents 84 4.3 0.65 0.08 Substantial
Third-year residents 86.5 1.5 0.72 0.02 Substantial
Overall 82.6 6.5 0.64 0.12 Substantial
Complete intestinal metaplasia
First-year residents 80.7 4.6 0.6 0.1 Moderate
Second-year residents 84 2.4 0.66 0.04 Substantial
Third-year residents 83.3 5.9 0.66 0.13 Substantial
Overall 82.4 4 0.64 0.08 Substantial
Incomplete intestinal metaplasia
First-year residents 63.5 17.9 0.18 0.19 Slight
Second-year residents 79.9 8.4 0.24 0.25 Fair
Third-year residents 70.8 0 0.27 0.14 Fair
Overall 70.6 14 0.22 0.18 Fair

Abbreviation: SD, Standard deviation.

Figure 1. Heat Maps Illustrating Diagnostic Agreement between Digital (DS) and Glass Slides (GS) for Each Par-
ticipant Across All Cases. Red indicates presence, and green indicates absence of the target finding. Participants are
labeled by training level: R1 = 1st-year resident, R2 = 2nd-year resident, R3 = 3rd-year resident. Diagnostic categories
include: (A) poorly differentiated adenocarcinoma, (B) Helicobacter pylori, (C) intestinal metaplasia, (D) complete
intestinal metaplasia, and (E) incomplete intestinal metaplasia.
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Figure 2. Bar Chart Showing the Number of Histologic Findings in Cases with Low Diagnostic Agreement between
Digital and Glass Slides. Abbreviations: ADC, adenocarcinoma; IM, intestinal metaplasia; CIM, complete IM; 1IM,

incomplete IM; HP, H. pylori

Low diagnostic agreement was typically associated
with mild H. pylori infection (9/12 instances), IM (4/5
instances), and complete IM (4/6 instances). In contrast,
discrepancies in incomplete IM occurred across all
degrees of involvement, with mild incomplete IM detected
in only 4 of 10 instances.

Review of discordant cases highlighted several factors

contributing to interpretive difficulty. Although rare,
poorly cohesive carcinoma presented challenges, with
signet-ring cell carcinoma occasionally misinterpreted
as a non-neoplastic process (Figure 3A). In some cases,
dilated foveolar mucin-containing cells (pseudogoblet
cells) obscured adjacent areas of IM, complicating
recognition (Figure 3B). Small foci of complete IM

Figure 3. Histologic Findings in Cases with Low Diagnostic Agreement.
Signet-ring cell carcinoma with clear, vacuolated cytoplasm and minimally pleomorphic nuclei may mimic gastric
xanthoma. Infiltration into the muscularis mucosae supports a diagnosis of gastric carcinoma rather than xanthoma.
(B) Intestinal metaplasia. Subtle IM is seen adjacent to dilated foveolar mucin-containing cells (pseudogoblet cells)
in the lower right corner.(C) Complete intestinal metaplasia, scanning magnification. The subtle focus of complete
IM (arrow) is easily overlooked at low magnification.(D) High magnification of panel C showing the same complete
IM focus.(E) Incomplete intestinal metaplasia. Incomplete IM with minimal foveolar mucin (arrow) is difficult to
recognize.(F) Helicobacter pylori. Helicobacter-like organisms are subtly present in a background of mild chronic
gastritis.
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Figure 4. Bar Chart Showing the Average Time Each Participant Took to Diagnose Using Digital Slides and Glass
Slides. Participants are labeled by training level: R1 = 1st-year resident, R2 = 2nd-year resident, R3 = 3rd-year
resident. Asterisks indicate statistically significant differences between digital slide and glass slide diagnosis times,

with all p-values less than 0.01.

were frequently overlooked at low magnification
(Figure 3C) but became more apparent upon closer
inspection (Figure 3D). Incomplete IM with subtle
mucinous features also proved difficult to identify
(Figure 3E). Similarly, Helicobacter-like organisms were
sometimes inconspicuous, particularly in the setting of
mild chronic gastritis (Figure 3F).

Comparison of Time Taken per Slide for Diagnosis

The comparison of time taken per slide for diagnosis
using digital and glass slides across all participants is
illustrated in Figure 4. On average, diagnoses made on
digital slides required significantly more time than those
made on glass slides (138 vs. 90 seconds, p <0.01). Six of
the nine participants (66.7%) comprising 2 of 4 first-year
residents, all 3 second-year residents, and 1 of 2 third-
year residents spent more time diagnosing digital slides.
In contrast, two residents (1 first-year and 1 third-year)
spent more time diagnosing glass slides, although this
difference was not statistically significant.

Discussion

The present study validated a low-cost WSI system for
diagnosing gastric ulcer biopsies by pathology residents
and demonstrated high diagnostic agreement between
digital and glass slides for adenocarcinoma (93.8%, almost
perfect). Agreement was moderate to substantial for IM,
but only fair for H. pylori and incomplete IM. Senior
residents generally achieved higher diagnostic agreement
than junior ones. Interpretation using digital slides took
significantly longer than with glass slides. Common
sources of discrepancy included subtle histologic features,
particularly incomplete IM and H. pylori. These findings
support the feasibility of low-cost WSI for resident
training and imply the need for greater exposure to digital
pathology to enhance recognition of diagnostically subtle
features.

Our study followed key recommendations outlined in
the College of American Pathologists (CAP) guideline
statements [10]. More than 60 cases were included for
one use case, specifically the H&E interpretation of
gastric ulcer biopsies. Diagnostic concordance between
digital and glass slides was assessed by the same observer
with a washout period of at least two weeks. Although
the overall concordance between digital and glass slide
diagnoses was below the 95% threshold, which typically
requires further investigation and corrective measures,
this percentage should be interpreted with caution due to
the limited number of slides used in this study (N = 64).
While agreement was almost perfect for adenocarcinoma
and substantial for IM, the causes of discordance in
the diagnosis of H. pylori and incomplete IM, both of
which showed only fair agreement, should be carefully
examined. Residents should receive training in digital
slide interpretation during residency, and early career
pathologists are encouraged to validate their performance
before using digital slides for primary diagnosis.

Although adenocarcinoma demonstrated almost
perfect diagnostic agreement between digital and glass
slides among all participants, one case showed discordant
diagnoses in more than one third of participants. In this
instance, the tumor cells had mildly pleomorphic nuclei
and clear, vacuolated cytoplasm, resembling histiocytes
seen in gastric xanthoma. This highlights a known pitfall
in digital pathology, where subtle nuclear features such
as chromatin texture or relative hyperchromasia may be
less distinct, potentially leading to diagnostic challenges,
particularly when assessing dysplasia [11]. It is important
to recognize that in malignant gastric ulcers, the absence
of evidence should not be interpreted as evidence of
absence. Gastric cancer develops in approximately 2 to
3 percent of patients with gastric ulcers, especially those
infected with H. pylori. Biopsies obtained from both the
base and edges of ulcers during a second or subsequent
endoscopy have been shown to enhance early and accurate
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cancer detection compared to sampling from the edges
alone [12]. Regular follow-up endoscopies after ulcer
treatment are also associated with higher detection rates
of early gastric cancer [13].

The overall agreement for H. pylori detection was the
lowest among all histologic findings, despite scanning
slides at 40x magnification. This may reflect participants’
limited experience in identifying microorganisms on
digital slides. Most validation studies to date have used
20x magnification, which reduces scanning time and
storage requirements [14]. However, H. pylori, Candida
albicans, and Giardia duodenalis are microorganisms
that are particularly difficult to detect at this resolution.
Scanning at 40x magnification provides better visual
detail and can increase diagnostic confidence [15].
Even when using immunohistochemistry, identifying
H. pylori remains challenging under 20x magnification
[16]. To address this limitation, pathologists should
be advised that higher magnification is essential for
reliable detection of microorganisms in WSI. In addition,
recognition of characteristic histologic features of H.
pylori gastritis such as diffuse or nodular lymphocytic
inflammation and neutrophilic infiltrates is crucial to
improve diagnostic accuracy (i.e., actively searching for
H. pylori). In equivocal cases, H. pylori immunostaining
should be employed. In diagnostic practice, several semi-
quantitative scoring systems are available for grading the
density of H. pylori. However, these systems lack clinical
significance and show poor inter-observer reproducibility.
In routine settings, distinguishing simply between H.
pylori—positive and H. pylori—negative status is considered
sufficient [17]. Importantly, the absence of H. pylori on
histologic evaluation does not exclude the diagnosis of H.
pylori gastritis, as ancillary tests such as the rapid urease
test or other noninvasive methods provide high diagnostic
sensitivity [18].

Recent guidelines suggest that patient management,
particularly endoscopic surveillance, may differ for
individuals with incomplete IM due to a higher risk of
progression to gastric cancer compared to those with
complete IM [19, 20]. In our study, substantial agreement
was achieved for the detection of overall IM and complete
IM, but the agreement for incomplete IM was only fair,
with low diagnostic concordance regardless of its extent.
This suggests that pathology residents experienced
difficulty in recognizing incomplete IM. Our findings
align with a previous report showing that, even after
training, general pathologists and pathology residents
demonstrated lower accuracy in identifying incomplete
IM compared with IM and complete IM [21]. Unlike
gastrointestinal pathologists, who demonstrate high
interobserver agreement in IM subtyping [22], non-
experts may benefit from additional training to enhance
their diagnostic accuracy for incomplete IM. Ancillary
stains such as Alcian blue at pH 2.5, which highlights
acidic mucins, can aid in distinguishing complete from
incomplete IM. In complete IM, goblet cells contain
predominantly sialomucins, whereas incomplete IM
shows a mixture of sialomucins and sulfomucins that are
more readily demonstrated with this stain. Thus, Alcian
blue at pH 2.5 remains a practical tool for enhancing
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recognition and subtyping of incomplete IM.

Findings from this study indicate that six of nine
participants required more time to review digital slides
compared with glass slides, a finding consistent with
previous validation studies [23, 24]. However, this should
not be interpreted as evidence that digital slides are
inferior. Longer review times largely reflect the adjustment
period needed for pathologists to become proficient with
(WSI). This “learning effect” is well recognized; after
sufficient exposure approximately 500 digital cases the
difference in reading time between digital and glass
slides becomes negligible [25]. Although using lower
scanner magnification can shorten review time, important
subtle features or microorganisms may be overlooked
[26, 27]. To address these challenges, strategies such as
structured training with mandatory case sets, adjusting
scanner magnification to suit individual cases, and
standardizing laboratory infrastructure and WSI protocols
are recommended [5].

There are several limitations in this study. First,
the sample size was relatively small, comprising only
66 cases, which may limit the generalizability of the
findings. Second, participants were asked to interpret
H&E-stained slides and render definitive diagnoses
without access to ancillary stains or recuts, which does
not fully reflect routine clinical practice where additional
tools, such as cytokeratin or H. pylori immunostains,
are often employed. Third, all malignant cases were
adenocarcinomas, preventing evaluation of the WSI
system’s performance across other gastric malignancies;
however, adenocarcinoma remains the most common
subtype encountered in gastric biopsies. Fourth, the
number of participants was limited and all were affiliated
with a single institution, which may not capture the
variability in training environments or represent broader
trainee populations. Lastly, the study relied on a single
digital slide scanner and consumer-grade laptops, which
may restrict the applicability of the results to other
hardware or software settings.

In conclusion, this study supports the feasibility of
using a low-cost WSI system for resident training in gastric
ulcer biopsy diagnosis, especially for malignancy. Lower
agreement for H. pylori and incomplete IM highlights
the need for more digital pathology exposure to improve
recognition of subtle features. Integrating WSI into
residency programs may enhance diagnostic accuracy,
particularly in resource-limited settings.

Author Contribution Statement

WT: Conceptualization; Data curation; Formal
analysis; Investigation; Methodology; Writing — original
draft. WK, CS, PS, PC, CK, NC, TT, NP: Data curation;
Investigation; Methodology; Writing - review & editing.
SA: Conceptualization; Data curation; Formal analysis;
Investigation; Methodology; Writing - review & editing.
TL: Conceptualization; Data curation; Formal analysis;
Investigation; Methodology; Project administration;
Resources; Writing — original draft, review & editing



Acknowledgements

The authors thank the pathologist assistants and
technicians for their support in slide processing and
scanning. ChatGPT (OpenAl, CA, USA) was used to
enhance the clarity and fluency of the manuscript. All
content, including data interpretation and conclusions,
remains solely the responsibility of the authors.

Data Availability

The data supporting this study are available from the
corresponding author upon reasonable request. Due to
privacy and ethical restrictions, the data are not publicly
accessible.

Ethics Approval Statement

This study received ethical approval from the human
research ethics committee of Thammasat University
(Medicine), with the approval number being 255/2023.

Conflict of Interest

The authors declare that the research was conducted in
the absence of any commercial or financial relationships
that could be construed as a potential conflict of interest.

References

1. Kogak E, Kili¢ F, Akbal E, Tas A, Kokli S, Filik L, et al.
The usefulness of ulcer size and location in the differential
diagnosis of benign and malignant gastric ulcer. Wien Klin
Wochenschr. 2013;125(1-2):21-5. https://doi.org/10.1007/
s00508-012-0309-8.

2. Nagula S, Parasa S, Laine L, Shah SC. Aga clinical practice
update on high-quality upper endoscopy: Expert review.
Clin Gastroenterol Hepatol. 2024;22(5):933-43. https://doi.
org/10.1016/j.cgh.2023.10.034.

3. Browning L, Colling R, Rakha E, Rajpoot N, Rittscher J,
James JA, et al. Digital pathology and artificial intelligence
will be key to supporting clinical and academic cellular
pathology through covid-19 and future crises: The pathlake
consortium perspective. J Clin Pathol. 2021;74(7):443-7.
https://doi.org/10.1136/jclinpath-2020-206854.

4. Armstrong SM, Nixon P, Hojilla CV. Pathology
resident evaluation during the pandemic: Testing and
implementation of a comprehensive online pathology exam.
Acad Pathol. 2021;8:23742895211013533. https://doi.
org/10.1177/23742895211013533.

5. Shi W, Georgiou P, Akram A, Proute MC, Serhiyenia T,
Kerolos ME, et al. Diagnostic pitfalls of digital microscopy
versus light microscopy in gastrointestinal pathology: A
systematic review. Cureus. 2021;13(8):e17116. https://doi.
org/10.7759/cureus.17116.

6. Loughrey MB, Kelly PJ, Houghton OP, Coleman HG,
Houghton JP, Carson A, et al. Digital slide viewing for
primary reporting in gastrointestinal pathology: A validation
study. Virchows Arch. 2015;467(2):137-44. https://doi.
org/10.1007/s00428-015-1780-1.

7. Kantasiripitak C, Laohawetwanit T, Apornvirat S, Niemnapa
K. Validation of whole slide imaging for frozen section
diagnosis of lymph node metastasis: A retrospective
study from a tertiary care hospital in thailand. Ann
Diagn Pathol. 2022;60:151987. https://doi.org/10.1016/j.
anndiagpath.2022.151987.

8. Araujo ALD, do Amaral-Silva GK, Pérez-de-Oliveira ME,

DOI:10.31557/APJCP.2026.27.1.319
Low-cost WSI for Gastric Ulcer Diagnosis

Gallagher KPD, Lopez de Caceres CVB, Roza A, et al.
Fully digital pathology laboratory routine and remote
reporting of oral and maxillofacial diagnosis during the
covid-19 pandemic: A validation study. Virchows Arch.
2021;479(3):585-95. https://doi.org/10.1007/s00428-021-
03075-9.

9. Dixon MF, Genta RM, Yardley JH, Correa P. Classification
and grading of gastritis. The updated sydney system.
International workshop on the histopathology of gastritis,
houston 1994. Am J Surg Pathol. 1996;20(10):1161-81.
https://doi.org/10.1097/00000478-199610000-00001.

10. Evans AJ, Brown RW, Bui MM, Chlipala EA, Lacchetti C,
Milner DA, et al. Validating whole slide imaging systems
for diagnostic purposes in pathology. Arch Pathol Lab Med.
2022;146(4):440-50. https://doi.org/10.5858/arpa.2020-
0723-CP.

11. Samuelson MI, Chen SJ, Boukhar SA, Schnieders EM,
Walhof ML, Bellizzi AM, et al. Rapid validation of whole-
slide imaging for primary histopathology diagnosis. Am J
Clin Pathol. 2021;155(5):638-48. https://doi.org/10.1093/
ajcp/aqaa280.

12. Lv SX, Gan JH, Ma XG, Wang CC, Chen HM, Luo EP, et
al. Biopsy from the base and edge of gastric ulcer healing
or complete healing may lead to detection of gastric
cancer earlier: An 8 years endoscopic follow-up study.
Hepatogastroenterology. 2012;59(115):947-50. https://doi.
org/10.5754/hge10692.

13. Wan JJ, Fei SJ, Lv SX, Han ST, Ma XG, Xu DS, et al. Role of
gastroscopic biopsy of gastric ulcer margins and healed sites
in the diagnosis of early gastric cancer: A clinical controlled
study of 513 cases. Oncol Lett. 2018;16(4):4211-8. https://
doi.org/10.3892/01.2018.9156.

14. Rao V, Kumar R, Rajaganesan S, Rane S, Deshpande G,
Yadav S, et al. Remote reporting from home for primary
diagnosis in surgical pathology: A tertiary oncology center
experience during the covid-19 pandemic. J Pathol Inform.
2021;12:3. https://doi.org/10.4103/jpi.jpi_72_20.

15. Al-Janabi S, Huisman A, Vink A, Leguit RJ, Offerhaus GJ,
ten Kate FJ, et al. Whole slide images for primary diagnostics
of gastrointestinal tract pathology: A feasibility study.
Hum Pathol. 2012;43(5):702-7. https://doi.org/10.1016/;.
humpath.2011.06.017.

16. Campbell WS, Lele SM, West WW, Lazenby AJ, Smith LM,
Hinrichs SH. Concordance between whole-slide imaging
and light microscopy for routine surgical pathology. Hum
Pathol. 2012;43(10):1739-44. https://doi.org/10.1016/j.
humpath.2011.12.023.

17. Pennelli G, Grillo F, Galuppini F, Ingravallo G, Pilozzi
E, Rugge M, et al. Gastritis: Update on etiological
features and histological practical approach. Pathologica.
2020;112(3):153-65. https://doi.org/10.32074/1591-
951x-163.

18. Rupp S, Papaefthymiou A, Chatzimichael E, Polyzos
SA, Spreitzer S, Doulberis M, et al. Diagnostic approach
to Helicobacter pylori-related gastric oncogenesis. Ann
Gastroenterol. 2022;35(4):333-44. https://doi.org/10.20524/
20g.2022.0725.

19. Gupta S, Li D, El Serag HB, Davitkov P, Altayar O, Sultan S, et
al. Aga clinical practice guidelines on management of gastric
intestinal metaplasia. Gastroenterology. 2020;158(3):693-
702. https://doi.org/10.1053/j.gastro.2019.12.003.

20. Pimentel-Nunes P, Libanio D, Marcos-Pinto R, Areia
M, Leja M, Esposito G, et al. Management of epithelial
precancerous conditions and lesions in the stomach
(maps ii): European society of gastrointestinal endoscopy
(esge), european helicobacter and microbiota study group
(ehmsg), european society of pathology (esp), and sociedade

Asian Pacific Journal of Cancer Prevention, Vol 27 325



Warut Thinpanja et al

portuguesa de endoscopia digestiva (sped) guideline
update 2019. Endoscopy. 2019;51(4):365-88. https://doi.
org/10.1055/a-0859-1883.

21. Laohawetwanit T, Wanpiyarat N, Lerttanatum N, Apornvirat
S, Kantasiripitak C, Atiroj N, et al. Histopathologic
evaluation of gastric intestinal metaplasia in non-neoplastic
biopsy specimens: Accuracy and interobserver reliability
among general pathologists and pathology residents. Ann
Diagn Pathol. 2024;70:152284. https://doi.org/10.1016/].
anndiagpath.2024.152284.

22. Lerch JM, Pai RK, Brown I, Gill AJ, Jain D, K6vari B, et
al. Subtyping intestinal metaplasia in patients with chronic
atrophic gastritis: An interobserver variability study.
Pathology. 2022;54(3):262-8. https://doi.org/10.1016/j.
pathol.2021.12.288.

23. Larghi A, Fornelli A, Lega S, Ragazzi M, Carlinfante G,
Baccarini P, et al. Concordance, intra- and inter-observer
agreements between light microscopy and whole slide
imaging for samples acquired by eus in pancreatic solid
lesions. Dig Liver Dis. 2019;51(11):1574-9. https://doi.
org/10.1016/5.d1d.2019.04.019.

24. Thrall MJ, Wimmer JL, Schwartz MR. Validation of multiple
whole slide imaging scanners based on the guideline from the
college of american pathologists pathology and laboratory
quality center. Arch Pathol Lab Med. 2015;139(5):656-64.
https://doi.org/10.5858/arpa.2014-0073-OA.

25. Mills AM, Gradecki SE, Horton BJ, Blackwell R,
Moskaluk CA, Mandell JW, et al. Diagnostic efficiency
in digital pathology: A comparison of optical versus
digital assessment in 510 surgical pathology cases. Am
J Surg Pathol. 2018;42(1):53-9. https://doi.org/10.1097/
pas.0000000000000930.

26. Snead DR, Tsang YW, Meskiri A, Kimani PK, Crossman R,
Rajpoot NM, et al. Validation of digital pathology imaging
for primary histopathological diagnosis. Histopathology.
2016;68(7):1063-72. https://doi.org/10.1111/his.12879.

27. Bauer TW, Schoenfield L, Slaw RJ, Yerian L, Sun Z,
Henricks WH. Validation of whole slide imaging for primary
diagnosis in surgical pathology. Arch Pathol Lab Med.
2013;137(4):518-24. https://doi.org/10.5858/arpa.2011-
0678-OA.

Glolel

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

326  4sian Pacific Journal of Cancer Prevention, Vol 27



