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Abstract

Background: Gastric cancer is one of the most common types of cancer worldwide. Helicobacter pylori infection is clearly
correlated with gastric carcinogenesis. Therefore, the use of a new non-invasive test, known as the GastroPanel test, can be very
helpful to identify patients at a high risk, including those with atrophic gastritis, intestinal metaplasia, and dysplasia. This study
aimed to compare the results of GastroPanel test with the pathological findings of patients with gastric atrophy to find a safe and
simple alternative for endoscopy and biopsy as invasive methods.

Methods: This cross-sectional study was performed on patients with indigestion, who were referred to Motahari Clinic and Shahid
Faghihi Hospital of Shiraz, Iran, since April 2017 until August 2017 for endoscopy of the upper gastrointestinal tract. The serum
levels of gastrin-17 (G17), pepsinogen | (PGI), and pepsinogen Il (PGll), as well as H. pylori antibody IgG, were determined by
ELISA assays. Two biopsy specimens from the antrum and gastric body were taken for standard histological analyses and rapid
urease test. A pathologist examined the biopsy specimens of patients blindly.

Results: A total of 153 patients with indigestion (62.7% female; mean age, 63.7 years; 37.3% male; mean age, 64.9 years) were
included in this study. The G17 levels significantly increased in patients with chronic atrophic gastritis (CAG) of the body (9.7 vs.
32.8 pmol/L; P=0.04) and reduced in patients with antral CAG (1.8 vs. 29.1 pmol/L; P=0.01). The results were acceptable for all
three types of CAG, including the antral, body, and multifocal CAG (AUCs of 97%, 91%, and 88% for body, antral, and multifocal
CAG, respectively). The difference in PGII level was not significant. Also, the PGl and PGI/PGl! ratio did not show a significant
difference (unacceptably low AUCs for all). The H. pylori antibody levels were higher in patients infected with H. pylori (251 EIU
vs. 109 EIU, AUC=70, P=0.01). There was a significant relationship between antibody tests and histopathology.

Conclusion: Contrary to Biohit’s claims, the GastroPanel kit is not accurate enough to detect CAG; therefore, it cannot be used for
establishing a clinical diagnosis.
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Introduction

Chronic gastritis caused by Heliobacter pylori infection
is one of the most important precancerous lesions of the
stomach.! Correa first discussed the importance of these
lesions as a starting point for gastric mucosal changes
that can lead to intestinal-type gastric adenocarcinoma.
Chronic H. pylori infection, by stimulating the host
immune response, causes chronic active inflammation
and mucosal damage, resulting in multifocal atrophic
gastritis, intestinal metaplasia, glandular dysplasia, and
adenocarcinoma.>* As these changes do not occur in
all infected individuals, the possible effects of other
environmental and genetic factors should be considered.>*

Most studies on the carcinogenesis of chronic gastritis
have focused on antrum and fundus gastric tumors,
besides the topography of gastritis due to the relatively

high prevalence of these tumors in the distal and middle
gastric region. Evidence also suggests the greater severity
and extent of gastritis in the anterior part of the body.”® It
seems that inflammation due to the presence of H. pylori
in some areas of the gastric mucosa is a risk factor for
gastric adenocarcinoma.

Some studies consider gastritis to be more severe in the
fundus compared to the antrum, to be a risk factor for
gastric adenocarcinoma.*® However, with the increasing
number of cancers in the gastric cardia, the accuracy of
this index is questionable. Therefore, further topographic
study of the severity, grade, and activity of chronic
gastritis is needed in different areas of the stomach.”
The GastroPanel test is recommended for patients
with chronic inflammation in the upper respiratory
tract and elderly patients with chronic respiratory or
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cardiovascular diseases who cannot undergo endoscopy
to diagnose gastrointestinal problems. The GastroPanel
test is recognized as a simple, non-invasive, comfortable
and safe option for patients.

Today, the role of H. pylori as one of the main causes of
chronic gastritis is no longer disputed. Gastritis caused by
H. pylori has been identified as type B gastritis or chronic
atrophic gastritis (CAG) , according to the International
Classification of Gastritis." On the one hand, H. pylori is
part of the natural bacterial flora of the gastrointestinal
tract, and it is not always necessary to remove the gastric
mucosa for sampling, as almost half of the world’s
population is infected with this bacterium. On the other
hand, approximately 3% of people infected with H. pylori
develop atrophic gastritis, which leads to gastric cancer in
most cases and to gastric ulcer in 50% of cases. Overall,
eradication of H. pylori infection can treat atrophic
gastritis; therefore, the risk of diseases associated with
atrophic gastritis is reduced or eliminated."?

Currently, there are no clear criteria for the treatment of
H. pylori, and in a large proportion of patients, treatment
is prescribed irrationally. This can lead to the emergence
of bacterial resistance to antibiotics, with negative
consequences for patients with H. pylori infection due
to unnecessary treatments. Commonly, when a patient
complains of indigestion, endoscopy is immediately
prescribed for diagnostic purposes. However, this method
is aggressive and poses a great risk to the patient.

To accurately diagnose and treat H. pylori gastritis, it is
necessary to provide accurate and non-invasive methods
that can be confidently used to assess the gastric mucosa
and H. pylori infection. After years of basic medical
research in Finland, the Biohit GastroPanel test was

developed based on the enzyme-linked immunosorbent
assay (ELISA). Overall, by using blood tests, the
functional activity of the entire gastric mucosa can be
determined. The GastroPanel algorithm for the diagnosis
of CAG involves the evaluation of the aforementioned
biomarkers. This algorithm offers a final diagnosis and
risk assessment, as shown in Figure 1.

Objectives

As the use of GastroPanel for identifying patients with
atrophic gastritis, intestinal metaplasia, and dysplasia is
under debate, the present study aimed to investigate the
efficacy of this diagnostic biomarker.

Materials and Methods

This cross-sectional study (a diagnostic test accuracy
study) was performed in Shiraz, Iran, during 2017-2019.
The GastroPanel test measures four indicators: IgG
antibodies against H. pylori, pepsinogen I (PGI) level,
pepsinogen II (PGII) level, and gastrin-17 (G17) level.
The presence of all these parameters indicates H. pylori
infection, as well as atrophy. A total of 153 patients (62.7%
female; mean age, 63.7 years; 37.3% male; mean age,
64.9 years) were referred to Motahari Clinic and Shahid
Faghihi Hospital of Shiraz for endoscopy of the upper
gastrointestinal tract.

The inclusion criteria were patients over 50 years with
clinical signs of indigestion. The exclusion criteria were
as follows: malignant diseases of the liver, kidneys, lungs,
endocrine, metabolism, or blood; previous treatment for
H. pylori; history of alcohol or drug abuse; and pregnancy.
Proton pump inhibitor (PPI) therapy was not considered
as an exclusion criterion in this study because most
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Figure 1. GastroPanel algorithm for the diagnosis of CAG
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patients undergoing upper gastrointestinal endoscopy
had previously used these drugs.

Biochemical Tests

The serum levels of G17, PGI, and PGII and baseline
H. pylori were measured using a commercial ELISA kit
(Biohit plc, Helsinki, Finland). Fasting blood samples were
taken from all the patients. The patients did not receive
gastric acid secretion inhibitor drugs, including PPIs,
for two weeks before sampling. The EDTA tubes were
centrifuged for 15 minutes. Next, 50 uL of G17 stabilizer
was added to the plasma. The blood samples were stored
at -20°C until further tests. All the tests were performed in
the laboratory of the gastroenterology research center of
Shiraz University of Medical Sciences, Shiraz, Iran.

Histopathological Analysis
For sampling, one sample was taken from the antrum
and two samples from the gastric body. After transferring
the samples to the laboratory, they were processed
using standard methods and molded in paraffin. Next,
5-micron sections were prepared from the molds, stained
by hematoxylin and eosin (H&E) method, and studied by
pathologists for different histopathological variables. The
second pathologist of the medical team examined all the
slides with important findings, such as cancer, dysplasia,
and metaplasia. In case of diagnostic disagreement, the
slides were re-examined with the participation of both
pathologists. Out of every 10 slides studied, one slide
was randomly selected for re-examination by the second
pathologist. Diagnostic indicators for gastritis were taken
from the updated Sydney Classification of Gastritis.
Several variables were examined in this study.
Generally, gastritis refers to the presence of inflammatory
cells of any kind in the lamina propria of the gastric
mucosa. However, the presence of several lymphocytes
and plasma cells in the normal antral and cardia mucosa
was not considered as gastritis. The rate of lymphocyte
and plasma cell infiltration was considered as the grade,
and the rate of neutrophil infiltration was considered as
gastritis activity.” Besides, intensity and activity were
classified from zero to three, and the average values
were included in all calculations. H. pylori infection was
confirmed when both rapid urease test and histology were
positive, whereas the result was considered negative when
both tests were negative (Table 1).

Table 1. Levels of biomarkers depending on the histological diagnosis

GastroPanel test and atrophic gastritis

Statistical Methods
The standard deviation (SD) and mean indexes were
calculated for quantitative variables, and 95% confidence
interval (CI) was measured for qualitative variables. To
compare the mean values of quantitative variables, t test
or Wilcoxon test was used, depending on the normal
distribution of data. For comparing the mean values of
more than two groups, one-way analysis of variance
(ANOVA) was used by measuring R squared (R?) and
partial eta squared (n?) for linear evaluations. Besides,
percentages were compared using x* test. A P value less
than 0.05 was considered statistically significant.
Moreover, a receiver operating characteristic (ROC)
curve was used to calculate the overall diagnostic
performance of G17, PGI, PGII, and PGI/PGII ratio for
the detection of CAG, as well as H. pylori antibodies for
the detection of H. pylori infection. If the area under
the ROC curve (AUC) was acceptable (0.70), the best
cutoff point was measured, and then the sensitivity of
analysis and probability ratios were calculated. Besides,
the accuracy of the GastroPanel algorithm was evaluated
against histology (gold standard). Sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV), and positive and negative likelihood ratios were
also calculated. All statistical analyses were performed in
SPSS for Windows version 24.0 (IBM Corp., Armonk,
NY, USA) and MedCalc version 20.23 (MedCalc Software
bv, Ostend, Belgium; https://www.medcalc.org; 2020).

Results

Gastrin-17

The mean G17 levels significantly increased in patients
with body CAG (9.7 vs. 32.8 pmol/L; mean=19.5
pmol/L, SD: 5.3 pmol/L, P=0.04). Nevertheless, it
reduced in patients with antrum CAG (1.8 vs. 29.1
pmol/L; mean=9.05 pmol/L, SD=6.7 pmol/L, P<0.01).
Moreover, the AUC for G17 was calculated to detect
antral CAG (0.91), body CAG (0.97), and multifocal CAG
(0.88). The cutoft point for antral CAG was 6.0 pmol/L,
with sensitivity, specificity, PPV, and NPV of 71.4% (95%
CI: 59.4-81.6%), 98.8% (95% CI: 93.4-99.8%), 17.2%, and
92.7%, respectively; the positive and negative likelihood
ratios were 59.2 and 0.29, respectively.

The best cutoff point for diagnosing body CAG was
16.5 pmol/L, with sensitivity, specificity, PPV, and NPV
of 88.2% (95% CI: 76.7-100%), 86.3% (95% CI: 79.5-
91.6%), 23.5% (95% CI: 11-35%), and 95.5% (95% CI: 91—

Body atrophy Antral atrophy Non-atrophic gastritis Multifocal atrophy

Mean SD Mean SD Mean SD Mean SD

Gastrin (pmol/L) 24.22 4.9 5.33 3.95 9.88 2.47 17.44 3.47
PG I (pg/L) 105.9 54.9 110.8 53.3 110.0 54.2 122.0 52.7
PG Il (pg/L) 17.04 11.61 16.49 11.41 14.58 8.88 18.07 10.99
PG I/PG I 7.62 4.39 9.13 8.6 9.37 6.06 10.38 11.4
H. pylori Ab (EIU) 33.61 15.51 16.11 11.89 95.36 34.1
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100%), respectively; the positive and negative likelihood
ratios were also 7.32 and 0.0, respectively. Moreover, the
best cutoff point for diagnosing multifocal atrophy was
13.0 pmol/L, with sensitivity, specificity, PPV, and NPV
of 96.8% (95% CI: 83.2-99.5%), 81.1% (95% CI: 73.1-
87.7%), 56.6%, and 99%, respectively; the positive and
negative likelihood ratios were 5.13 and 0.04, respectively
(Figure 2).

Pepsinogen I

In terms of the serum PG level, the difference between
patients with and without body atrophy was not
significant (117 vs. 110.5 pg/L). Also, comparison of
the serum PG level between patients with and without
antral atrophy showed no significant difference (114.2
vs. 108.9 ug/L). The AUCs for antral and body atrophy
were calculated to be 0.513 and 0.551, respectively. The
AUC was also determined for each condition, which was
unacceptably low. Due to poor results, the cutoff point
was not calculated (Figure 3).

Pepsinogen I1

There was no significant difference in the level of PGII
between the groups. The characteristic ROC curve was
drawn to detect atrophy in the antrum and body. The
AUCs were 0.507, 0.555, and 0.554, respectively, which
were not acceptable. The best cutoff point for diagnosing
body atrophy was 30.28 ug/L, with sensitivity of 28.6%
(95% CI: 8.6-58.1%), specificity of 93.5% (95% CI: 88.1—
97.0%), PPV of 19% (95% CI: 10-28%), and NPV of 94.2%
(95% CI: 88-100%); the positive likelihood ratio was 4.41,
and the negative likelihood ratio was 0.76 (Figure 4).

PGI/PGII Ratio

There was no significant difference in the PGI/PGII ratio
index in different atrophied gastric areas. The AUC for
the subsurface level was unacceptable for diagnosis of
atrophy in all cases: antral atrophy, 0.54; body atrophy,
0.544; and multifocal atrophy, 0.51 (Figure 5).

Helicobacter pylori Antibodies

To diagnose H. pylori infection, the patients’ antibody
levels were measured by the ELISA method. The mean
level of antibodies was significantly different between
infected and non-infected patients (65.8 vs. 18.6 EIU,
P=0.01). The AUC for infection diagnosis was 0.97. The
best cutoff point was 36.9 EIU. The accuracy of the cutoff
point was as follows: sensitivity, 93.8% (95% CI: 87.0-
97.7%); specificity, 94.6% (95% CI: 85.1-98.8%); PPV,
96.8%; NPV, 89.8%; positive likelihood ratio, 17.51; and
negative likelihood ratio, 0.07 (Figure 6).

Discussion

This study aimed to compare the GastroPanel test results
with pathological findings in patients with signs and
symptoms of gastritis, presenting to hospitals in Shiraz,
Iran. In some previous studies, based on Biohit’s claims,
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Figure 2. Gastrin-17: area under the ROC curve (AUC) for the diagnosis
of (A) Antral atrophy; (B) Body atrophy; and (C) Multifocal atrophy. ROC:
receiver operating characteristic

the GastroPanel kit has been proposed as a non-invasive
method for diagnosing gastric atrophy, as well as various
degrees of atrophy.!®'*!® Nevertheless, there is some
controversy about this issue,” and the results of the
present study did not confirm this assumption.

In the present study, there was a decrease in the G17
level of patients with antral atrophy and an increase in
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of (A) Antral atrophy; (B) Body atrophy; and (C) Multifocal atrophy. ROC:
receiver operating characteristic

increase in PGI in patients with antral atrophy, there
was a downward trend in PGI levels. Based on our
findings, PGI and gastric atrophy are not significantly
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operating characteristic.

related.
Although there is evidence suggesting a significant
relationship between pepsinogen and atrophic gastritis,
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no significant relationship was found in the present study,
even considering the presence of atrophy in different
areas of the stomach.'>"** Since PGII is secreted in all
areas of the stomach, a decrease in PGII levels is expected
in CAG, besides body atrophy 4-6, 8, 15. In patients
with body atrophy, there is a significant increase in PGII
levels. In the GastroPanel system, the PGI/PGII ratio is
relevant for diagnosing body atrophy; however, in the
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present study, it showed no practical value. The accuracy
of antibody levels against H. pylori for the diagnosis of H.
pylori infection has been controversial among physicians
and researchers for many years.”* Generally, antibody
levels against H. pylori have many fluctuations in different
patients; therefore, they cannot be used alone to definitely
diagnose H. pylori infection. According to the results of
the current study, high levels of antibodies against H.
pylori can indicate a previous infection with H. pylori.
Nevertheless, most researchers and physicians believe
that H. pylori antibody tests cannot be used as reliable
methods to diagnose an active infection.*

As claimed by the designers of the GastroPanel test,
this kit is a non-invasive method not only for diagnosing
high-risk cases of gastric cancer, but also for the early
differentiation of gastric mucosal lesions from non-
atrophic gastritis and gastric cancer. Various unknown
variables can affect the accuracy of this kit or any tests
in this kit. Endoscopy allows physicians to observe the
gastrointestinal wall more efficiently and accurately and
detect the smallest intestinal problems; therefore, there
is a possibility of bias by using this kit. The GastroPanel
test uses special algorithms that are probably based on the
cutoff combinations of all tests. Comparison of the results
with the gold standard (pathological examination) in this
study showed the very low accuracy of the GastroPanel
test, which could not detect almost half of atrophies
(sensitivity, 50%).

One of the limitations of this study was the low
prevalence of atrophy in the population, which increased
the CIs. Therefore, to prevent bias, more attention should
be paid to the CIs of sensitivity and specificity.

Conclusion

Based on the current findings, the tests included in the
GastroPanel kit lacked sufficient accuracy to diagnose
atrophy individually. According to the results, the use of
this commercial software cannot be recommended for
inpatient diagnosis. Therefore, further studies are needed
to produce and present a simple, practical, and non-



invasive method for the diagnosis of gastric diseases, such
as atrophic gastritis.
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