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Abstract
The extent of gastric intestinal metaplasia (GIM) can be used to determine the risk of gastric cancer. Eleven international 
gastrointestinal expert pathologists estimated the extent of GIM on haematoxylin and eosin (H&E)- and Alcian blue-Periodic 
acid Schiff (AB-PAS)-stained slides of 46 antrum biopsies in 5% increments. Interobserver agreement was tested with the 
intraclass correlation coefficient (ICC). Correlation between standard deviation and extent of GIM was evaluated with the 
Spearman correlation. The interobserver agreement was very good (ICC = 0.983, 95% confidence interval (CI) 0.975–0.990). 
The use of AB-PAS did not increase the agreement (ICC = 0.975, 95% CI 0.961–0.985). Cases with a higher amount of 
metaplastic epithelium demonstrated a higher standard deviation (rs = 0.644; p < 0.01), suggesting lower diagnostic accuracy 
in cases with extensive GIM. In conclusion, estimating the extent of GIM on H&E-stained slides in patients with chronic 
atrophic gastritis can be achieved satisfactorily with high interobserver agreement, at least among international expert gas-
trointestinal pathologists.
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Introduction

Gastric atrophy (GA) and gastric intestinal metaplasia 
(GIM) have been identified as precancerous lesions 
suitable for risk stratification for gastric cancer. Dif-
ferent staging systems which require, at minimum, 
biopsies of both antrum and corpus, have been pro-
posed to define the extent of GA and GIM, such as the 
Operative Link for Gastritis Assessment (OLGA) [1] 
or the Operative Link on Gastric Intestinal Metaplasia 
(OLGIM) [2].

For individuals with extensive GIM, defined as 
GIM involving both antrum and corpus, an approxi-
mately twofold increased risk of neoplastic progres-
sion was reported compared to individuals with lim-
ited GIM [3]. While individuals with OLGIM III–IV 
are at high risk of early gastric neoplasia, individuals 
with OLGIM II were denominated as intermediate risk 
patients [4].

Notably, the yield of GIM may be higher when multiple 
biopsies are sampled, indicating that patients with a higher 
total number of biopsies may have a higher probability to 
be classified as patients with extensive GIM, that is, as 
“patients at risk” [5]. Therefore, scoring systems that are 
independent of the number of biopsies have been applied, 
referring either to the relative number of biopsies involved 
by GIM [6] or to the percentage of mucosa involved by 
GIM [7–9]

Our study, which includes a group of international 
expert gastrointestinal pathologists, aimed to evaluate the 
interobserver agreement in estimating the overall percent-
age of mucosa involved by GIM and to identify parameters 
with potential impact on the assessment.

Material and methods

Cases

The study included antral biopsies from 46 patients 
(20 females and 26 males with a  mean age of 
65.8  years; median 69, range 27–87) with chronic 
atrophic gastritis, diagnosed at the Institute of Pathol-
ogy, Medical University of Graz, Austria. All biopsies 
had been obtained based on Sydney criteria, that is, 
targeting the lesser and greater curvature, excluding 
the normal gastroduodenal transitional mucosa. It may 
be of note that corpus and/or fundus biopsies, which 
had been submitted in separate vials, lacked GIM in 
all cases and were therefore not part of the evaluation.

Since Austria is a country with a low prevalence of 
Helicobacter pylori, resulting in a low incidence of GIM 
in general (with a low proportion of mucosal surface 
involved), we selected the study sample in order to enrich 
for cases with a high amount of GIM. All samples were 
stained with haematoxylin and eosin (H&E) and with 
Alcian Blue-Periodic acid Schiff (AB-PAS) and were 
scanned thereafter (Pannoramic 1000 Whole-Slide Scan-
ner, 3D Histech Ltd., Budapest, Hungary).

Pathologists

Eleven international expert gastrointestinal pathol-
ogists par ticipated in the study. Access to scanned 
s l ides  was  provided by an e lec t ronical ly  t rans-
fer red web l ink.  The assessment  was per formed 
independent ly  (b l inded to  endoscopic  da ta)  on 
dynamic images (3D Histech Ltd.  Case Viewer, 
Budapest, Hungary). Specifically, the pathologists 
were asked to est imate the overal l  percentage of 
mucosa involved by GIM in 5% increments, that is, 
across all biopsies included within a given sample.

Statistical analysis

Numerical variables are presented as mean, median and 
range. The interobserver agreement was assessed by 
applying the intraclass correlation coefficient (ICC), 
which is used to measure the degree of agreement 
for continuous variables for different observers when 
assessing the same cases [10]. The calculation is based 
upon a two-way mixed model and absolute agreement. 
For interpretation, the scheme introduced by Alt-
man  (1991) was used:  an ICC value ≤ 0.20 suggests 
poor agreement, 0.21–0.40 fair agreement, 0.41–0.60 
moderate agreement, 0.61–0.80 good agreement, 
and > 0.80 very good agreement, respectively [11].

Correlation between the standard deviation and the 
extent of GIM, defined by the mean score of GIM of 
the eleven observers, and the number of biopsy pieces 
per slide was evaluated by applying the Spearman 
correlation. Finally, a regression analysis was per-
formed to establish a model that allows the prediction 
of the standard deviation from the extent of GIM. To 
account for non-consistent scattering in our dataset, 
we performed adjustment with heteroscedasticity-
consistent standard error estimators [12].

All statistical operations were performed using 
IBM SPSS Statistics Version 26, provided by the Med-
ical University of Graz. P-values were two-sided, and 
values < 0.05 were considered statistically significant.

1278 Virchows Archiv (2022) 480:1277–1281



1 3

Results

Interobserver agreement

The mucosa of the 46 cases was involved by GIM in 
different quantities, with mean values of 29% (range 
6.8–82.7%) fo r  H & E - s t a i n e d  a n d  2 5 %  ( r a n ge 
6.4–81.7%) for AB-PAS-stained slides. Mean val-
ues for individual  observers ranged from 23.3 to 
33% for H&E-stained and 15.3 to 33.8% for AB-
PAS-stained sl ides.  The interobserver agreement 
was very good, with an ICC value of 0.983 (95% 
conf idence interval  (CI)  0.975–0.990) for  H&E-
stained slides and 0.975 (95% CI 0.961–––0.985) 
for  AB-PAS-st a ined  s l ides ,  respec t ive ly.  Thus , 

the  use  of  AB-PAS did  not  increase  agreement . 
Table 1 shows the interobserver correlation matr ix 
of the eleven pathologists for H&E-stained slides.

Correlation between the standard deviation 
and potential impact factors

The number of biopsy pieces per slide ranged from 1 to 6 
(mean 2.7, median 2). No correlation between the standard 
deviation and the number of biopsy pieces was observed on 
H&E-stained slides (p = 0.059). The six cases with the lowest 
standard deviation had a mean biopsy number of 3.0 (median 
2.5, range 2–6) whereas the six cases with the highest stand-
ard deviation had a mean biopsy number of 2.3 (median 2.5, 
range 1–4).

Table 1   Interobserver 
correlation matrix for H&E-
stained slides

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11

#1 1.000 0.966 0.920 0.958 0.882 0.923 0.965 0.874 0.830 0.947 0.742
#2 0.966 1.000 0.927 0.953 0.871 0.944 0.949 0.901 0.817 0.952 0.717
#3 0.920 0.927 1.000 0.916 0.846 0.882 0.915 0.880 0.790 0.934 0.679
#4 0.958 0.953 0.916 1.000 0.869 0.902 0.934 0.894 0.778 0.924 0.749
#5 0.882 0.871 0.846 0.869 1.000 0.851 0.860 0.893 0.669 0.851 0.692
#6 0.923 0.944 0.882 0.902 0.851 1.000 0.930 0.866 0.802 0.911 0.691
#7 0.965 0.949 0.915 0.934 0.860 0.930 1.000 0.876 0.804 0.961 0.723
#8 0.874 0.901 0.880 0.894 0.893 0.866 0.876 1.000 0.725 0.901 0.677
#9 0.830 0.817 0.790 0.778 0.669 0.802 0.804 0.725 1.000 0.814 0.722
#10 0.947 0.952 0.934 0.924 0.851 0.911 0.961 0.901 0.814 1.000 0.674
#11 0.742 0.717 0.679 0.749 0.692 0.691 0.723 0.677 0.722 0.674 1.000

Fig. 1   Histology of a case with 
high interobserver agreement 
(mean extent of gastric intesti-
nal metaplasia of 10.5%, stand-
ard deviation of 4.2%) at low 
(a) and high (b) magnification. 
Histology of a case with low 
interobserver agreement (mean 
extent of gastric intestinal 
metaplasia of 67.7%, standard 
deviation of 25.5%) at low (c) 
and high (d) magnification
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Cases with a higher amount of metaplastic epithelium had 
a higher standard deviation. The significant positive associa-
tion between both parameters was verified by applying the 
Spearman correlation, rs = 0.644 (p < 0.01). A simple linear 
regression was calculated to predict the standard deviation 
based upon the extent of GIM. According to the regression 
equation with R2 of 0.403, the standard deviation increased 
by 0.127 (t = 2.862, p < 0.01) for each percent of the extent 
of GIM (F(1,44) = 29.749, p < 0.01; Figs. 1 and 2).

Discussion

The extent of GIM in patients with chronic gastritis has 
prognostic relevance and identifies patients at higher risk 
of gastric cancer who could benefit from endoscopic sur-
veillance [3] Current guidelines by the European Society of 
Gastrointestinal Endoscopy (ESGE) [13], the British Society 
of Gastroenterology (BSG) [14], and the American Gastro-
enterological Association (AGA) [15] classify the extent 
of GIM as “extensive,” when GIM affects both antrum and 
corpus, requiring, at minimum, biopsies from both regions 
of the mucosa. For patients with extensive GIM endoscopic 
surveillance is recommended, while patients with GIM lim-
ited to the antrum do not need follow-up [13–15]

The number of biopsies may affect the histological diag-
nosis, that is, the yield of GIM may increase when multi-
ple biopsies are obtained [5] In addition, biopsy specimens 
may be involved in varying quantities, with some show-
ing only tiny foci of GIM, whereas others may show total 

replacement of the original mucosa. Consequently, some 
authors suggested alternative scoring methods, such as the 
(relative) number of biopsies involved by GIM [6] or the 
percentage of mucosa involved by GIM [7–9]

Our study proves for the first time that pathologists can 
estimate the extent of GIM on a semi-quantitative scale with 
very good agreement. The use of AB-PAS did not improve 
the agreement reached on H&E-stained slides. Therefore, 
this stain cannot be recommended to estimate the extent of 
GIM for routine practice. The standard deviation did not 
correlate with the number of biopsy pieces per slide, indi-
cating that semi-quantitative assessment in 5% incremental 
steps can be applied irrespectively of the number of sampled 
biopsies.

It is of note, however, that the standard deviation 
increases with the amount of GIM, suggesting lower diag-
nostic accuracy in cases with extensive GIM. High amounts 
of GIM, i.e., involvement of several biopsy pieces within 
one sample and/or multiple foci within a single biopsy piece, 
may impede the estimation and may thereby have a negative 
impact on the quality of assessment.

Our study has strengths and limitations. Strengths include 
the systematic approach involving a large international group 
of gastrointestinal expert pathologists who analysed a large 
set of biopsies showing different quantities of GIM. Some 
may regard the lack of an independent “gold standard,” e.g., 
provided by morphometric image analysis, as a limitation of 
the study. We regarded this, however, as outside the scope 
of our project, in particular since the routine assessment of 
GIM is done by usual light microscopy and not by morpho-
metry or comparable tools. Another limitation might be the 
use of virtual microscopy, which bears specific technical 
challenges: pathologists may find it harder to move around 
all biopsy specimens with the same ease they do on a micro-
scope. However, the findings in our study are still relevant 
in view of the expected increase in the use of virtual diag-
nostics in the future.

In conclusion, estimating the percental extent of GIM on 
H&E-stained slides in patients with chronic atrophic gas-
tritis can be achieved satisfactorily with high interobserver 
agreement, at least among international expert gastrointes-
tinal pathologists. Our brief report provides the basis for 
future research in the field, e.g., by expanding the evalua-
tion to general pathologists in a nation-wide setting, and for 
potential implementation of percental GIM assessment in 
the respective guidelines on gastric precancerous lesions.
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