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Background It has been suggested that GastroPanel
might be a useful tool for the diagnosis of chronic
atrophic gastritis (CAG) measuring four biomarkers in
blood: basal gastrin-17 (G17), pepsinogen | and Il (PGl
and PGll), and Helicobacter pylori antibodies.

Aim To determine the accuracy of GastroPanel for the
diagnosis of CAG.

Methods This was a prospective, blinded, multicenter
study that included dyspeptic patients. G17, PGl, and PGlI
were determined by enzyme immunoassays. Three antrum
and two corpus biopsies were obtained for standard
histological analysis and rapid urease test. Biopsies were
analyzed by a single blinded expert pathologist.

Results Ninety-one patients were included (77% women,
mean age 44 years, 51% H. pylori positive, 17% with CAG).
G17 was reduced in patients with antrum CAG (5.4 vs.
13.4 pmol/Il; P<0.01) and increased in patients with corpus
CAG (11 vs. 24 pmol/I; P < 0.05), but its accuracy was only
acceptable in the case of corpus localization [area under
the receiver operating characteristic curve (AUC), 74%];
PGl difference was almost statistically significant only
when testing for corpus atrophy (33 vs. 21 pug/l; P=0.05;
AUC =72%). The PGI and PGI/PGlI ratio showed no
significant differences (AUCs were all unacceptably low).

Introduction

Several studies have associated Helicobacter pylori infec-
tion with the development of gastric adenocarcinoma [1],
especially in patients with chronic atrophic gastritis
(CAG) [2]. Patients with marked antral and corpus atro-
phy have an increased risk of developing gastric adeno-
carcinoma (relative risk = 30) [3]. On the basis of Correa’s
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Helicobacter pylori antibody levels were higher in H. pylori-
infected patients (251 vs. 109 EIU, P=0.01; AUC = 70).
The accuracy of GastroPanel for the diagnosis of CAG
was as follows: sensitivity 50%; specificity 80%; positive
25% and negative 92% predictive values; and positive

2.4 and negative 0.6 likelihood ratios.

Conclusion GastroPanel is not accurate enough for the
diagnosis of CAG; thus, its systematic use in clinical
practice cannot be recommended. Eur J Gastroenterol
Hepatol 26:941-948 © 2014 Wolters Kluwer

Health | Lippincott Williams & Wilkins.
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hypothesis, CAG is the key step in the histopathological
process leading to gastric malignancy.

The present method for the diagnosis of atrophy requires
the extraction of biopsies from patients undergoing a
gastroscopy [4,5]. As this procedure is invasive, screening
methods to avoid unnecessary gastroscopies are a priority
for clinicians.

Gastric lesions, especially atrophy, alter the normal gas-
tric secretion [4]. Several serologic markers of gastric acid
output have been developed with the aim of screening
patients who really require gastroscopy [6-11]. The loss
of glandular cells in the gastric mucosa because of CAG
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induces significant functional changes in the stomach [4].
Antral atrophy reduces the secretion of gastrin-17 (G17)
whereas corpus atrophy decreases pepsinogen I (PGI)
levels [S]. Pepsinogen II (PGII) is synthesized in the
glands throughout the entire stomach; therefore, it is
mainly decreased in patients with multifocal atrophy [6,
12-14]. G17, PGI, and PGII are involved in gastric acid
output. T'o compensate pH, G17 secretion is increased in
patients with corpus atrophy and low PGI levels, and PGI
is increased when antrum CAG reduces G17 levels [6].

It has been published previously that measurement of
these serum markers can indirectly aid estimation of the
histological condition of the gastric mucosa [6-11,14,15].
More recently, Sipponen e a/. [4] proposed the combined
serological measurement of H. pylori antibodies (Hp-ab)
and these serum markers for the diagnosis of moderate to
severe CAG. Some studies have tested this serologic
panel (GastroPanel) for the noninvasive diagnosis of
CAG, and have obtained encouraging results [7-12].

GastroPanel’s algorithm for the diagnosis of CAG is
based on the evaluation of the aforementioned bio-
markers. The algorithm offers a final diagnosis and a risk
assessment (Fig. 1). Therefore, GastroPanel has been
proposed as a noninvasive diagnostic kit, and procedures
or therapeutic decisions could be made based on its
results. Especially relevant could be GastroPanel’s ability
to identify those dyspeptic patients who truly require a
gastroscopy, halving the number of these proce-
dures [12].

The systematic use of an accurate noninvasive method
for the diagnosis of CAG would reduce the overall costs

and incommodities to patients. As GastroPanel cannot
detect concrete lesions in the mucosa such as gastric
tumors, it should not be considered a substitute for gas-
troscopy, but as a tool to identify patients who do or do
not require undergoing gastroscopy.

Finally, GastroPanel’s experience is limited, and some
results do not support its usefulness [13—15]; no study has
been carried out in a Spanish population, and this method
requires validation before being recommended for sys-
tematic use in clinical practice. Therefore, the aim of the
present study was to evaluate the accuracy of

GastroPanel for the diagnosis of CAG.

Methods

Patients

In this prospective, blinded, multicenter study, a total of
91 patients (76% women; mean age 45 years) who
attended digestive services for upper gastrointestinal
endoscopy were prospectively enrolled. Inclusion criteria
were as follows: patients older than 18 years of age with
dyspepsia. Exclusion criteria were as follows: presence of
hepatic, renal, lung, endocrine, metabolic, hematological,
or malignant diseases; previous H. pylori eradication
treatment; history of alcohol or drug abuse; and preg-
nancy or nursing,.

Proton pump inhibitor (PPI) treatment was not con-
sidered an exclusion criterion as in clinical practice most
patients undergoing upper gastrointestinal endoscopy are
taking these drugs before this procedure.

Fig. 1
>25 ugl/l G17 >0.1 pmol/l | Normal
210 pmol/l | Corpus atrophy
PGl (autoimmune)
<25 ug/l G17
<10 pmol/l Multifocal atrophy
<30 EIU <50 g/l (autoimmune on Hp+)
5—-<10 pmol/I
PGl
250 pg/l Nonatrophic gastritis
>95 ug/l (Hp+)
>30 EIU
>10 pmol/l PGI Corpus atrophy
<25 ug/l (Hp+)
G17
>25 ug/l Antrum atrophy
(Hp+)
<5 pmol/| PGl
<25 pgl/l Multifocal atrophy
(Hp+

GastroPanel’s algorithm and cut-off points. G17, gastrin-17; Hp +, Helicobacter pylori positive; Hp-ab, Helicobacter pylori antibodies; PGI,

pepsinogen |.




Biochemical tests

Serum levels of basal G17, PGI, PGII, and Hp-ab were
measured by a chemiluminescent enzyme immunoassay
using commercial kits (Biohit plc, Helsinki, Finland).

A 10h fasting blood sample was obtained from all
patients. Patients were not receiving antisecretory treat-
ment (including PPIs) 2 weeks before the extraction.
EDTA tubes were centrifuged at 2000 g for 15 min; 50 pl
of G17 stabilizer was then added to plasma. Blood was
stored at — 20°C until the assay was performed.

Recommended cut-off points and algorithm for
GastroPanel are presented in Fig. 1. All tests were per-
formed in the centralized lab of Biohit-Deltaclon
GastroPanel’s Lab in Spain.

Biopsies

Three antrum and two corpus biopsies were obtained.
One antrum biopsy was used for the diagnosis of H. pylori
infection with a rapid urecase test. Standard histological
analysis was carried out with the remaining biopsies.
Biopsies were fixed in 10% formalin and separately
embedded in paraffin blocks. The sections, serially cut
and stained with hematoxylin and eosin, were examined
by light microscopy for the histological assessment using
the updated Sydney system by one single expert
pathologist who was blinded to the results of the mea-
surement of the serum markers.

As described in the updated Sydney system classification,
the definition and grading of atrophy and the other his-
tological variables was based on the definition and Visual
Analog Scale provided by the Updated Sydney system
original article. Atrophy is defined in the study as a loss of
glandular tissue that causes a thinning or destruction
of the glandular layer. The Visual Analog Scale has
shown high interobserver agreement and was used to
identify and classify the degree of atrophy from normal
mucosa to severe atrophy.

H. pylori infection was considered positive when both the
rapid urease test and histology were positive and negative
if both were also negative. Other results were considered
undetermined.

Ethical issues

"This study was carried out with the approval and follow-
up by the Hospitals’ Ethics Committees. The design and
development followed the WMA Helsinki Declaration of
1964 and its revisions and all applicable regulations. All
patients signed an informed consent.

Statistical analysis

Mean and SD were calculated for quantitative variables
and percentage and 95% confidence interval (95% CI)
were calculated for qualitative variables. Student 7-test or
Wilcoxon test was used to compare the mean of quanti-
tative variables depending on the normality of the
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distribution. When the means of more than two groups
were compared, a one-way analysis of variance was used,
with the R? and 7* to evaluate linearity. Percentages were
compared using the »* test. Statistical significance was
considered for P values lower than 0.05.

Receiver operating characteristic (ROC) curves were used
to calculate the overall diagnostic performance of G17, PGI,
PGII, and the PGI/PGII ratio for the diagnosis of CAG, and
of Hp-ab for the diagnosis of H. pylori infection. If the area
under the ROC curve (AUC) was acceptable (0.70), the
best cut-off points were assessed, and then sensitivity
analysis and likelihood ratios were also calculated. The
accuracy of GastroPanels’ algorithm was assessed against
histology (gold standard); sensitivity, specificity, and posi-
tive and negative predictive values were also calculated.

Sample size calculation was performed after reviewing
previous experiences in all the participant hospitals,
where the prevalence of CAG was 23%. For 20 patients
with CAG, a sample size of 90 was calculated.

Results

Study population characteristics

Ninety-one patients were included in six hospitals all over
Spain. Six patients could not be finally used in the study
because of mishandling of samples. The reasons for
endoscopic examination were as follows: dyspeptic
symptoms in 59% of patients, anemia in 14%, pyrosis in
11%, vomiting in 4%, and endoscopic checkup in 4%. The
remaining 8% were performed for other indications.
The remaining data of 85 patients (77% women, average
age 44+ 14 years, 34% smokers) were processed for the
analysis. Five percent of the patients were under PPI
treatment at endoscopy (none at blood extraction). Biopsy
samples showed that 51% of patients were H. pylori posi-
tive and 17% had CAG (7% antral atrophy, 6% corpus
atrophy, and 4% multifocal atrophy).

The levels of the different biomarkers depending on the
histological diagnosis are shown in Table 1. The one-way
analysis of variance test found significant differences in
biomarkers levels on the basis of the localization of
atrophy in G17 (P<0.01), PGI (P<0.05), and Hp-ab
serology (P=0.01), although no linearity was found (R?
and 172 tests).

Basal gastrin-17

The mean levels of G17 were significantly reduced in
patients with CAG in the antrum (5 vs. 13 pmol/l;
P<0.01, difference of the means 8pmol/l, 95%
CI=3.2-12.7 pmol/l) and increased in cases with corpus
CAG (11 vs. 24 pmol/l; P=0.04, difference of the means
13 pmol/l, 95% CI = 0.6-25 pmol/l). AUC for G17 for the
diagnosis of antral (0.58), corpus (0.74), and any (0.62)
CAG were calculated and only in the diagnosis of corpus
atrophy the area was considered acceptable, although it
was suboptimal (Fig. 2). Antral and any atrophy best cut-
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Table 1 Levels of biomarkers depending on the histological diagnosis
Normal Nonatrophic gastritis Corpus atrophy Antral atrophy Multifocal atrophy
Mean SD Mean SD Mean SD Mean SD Mean SD
PGI* 95.6 62.9 138.4 71.3 101.4 88.9 70.5 45 130.8 88.5
PGl 21.2 12.7 22.9 16.1 39.1 29.8 16.5 7.9 214 2
G17* 71 115 14.6 185 35.1 20 5.5 3.9 5.4 2.9
Hp-ab 67.8 112.9 240.4 252.3 304.4 325.7 96.8 122 370.4 4295
PGI/PGII 5.6 41 7.3 4.1 4.4 5.1 5.7 5.6 6.1 4

PGl and PGl levels are measured in pg/l, G17 in pmol/l and Hp-ab in EIU.

G17, gastrin 17; Hp-ab, Helicobacter pylori antibodies; PGl, pepsinogen I; PGl, pepsinogen II.

*Statistically significant differences, P < 0.05. PGI: nonatrophic gastritis x antral atrophy; G17: normal X corpus atrophy, nonatrophic gastritis x antral atrophy, nonatrophic
gastritis x multifocal atrophy, corpus atrophy x antral atrophy, corpus atrophy x multifocal atrophy.

Fig. 2
(a) (b)
1.0 - 1.0 4
0.8 0.8 -
0.6 1 0.6 1
0.4 0.4
0.2 1 0.2 4
AUC: 0.58 AUC: 0.74
0.0 L : : : ; : 0.0 L4 T . . ; :
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
(c)
1.0 1
0.8 1
0.6
0.4 1
0.2 A1
AUC: 0.62
0.0 L : : : :

0.0 0.2 0.4 0.6 0.8 1.0

Gastrin-17: area under the ROC curve (AUC) for the diagnosis of (a) antral atrophy; (b) corpus atrophy; and (c) any atrophy. ROC, receiver operating
characteristic.

off points were not calculated because of the unac-
ceptable AUCs. For the diagnosis of corpus atrophy,
the best cut-off point (8.03 pmol/l) and its sensitivity,
specificity, positive and negative predictive values,
and positive and negative likelihood ratios were calcu-
lated, respectively: 75% (95% CI=66-84%), 70%
95% CI=60-80%), 214% (95% Cl=12-30%),

96.2% (95% C1=92-100%), 2.5 (95% Cl=1.5-4.2), and
0.4 (95% CI1=0.1-1.2).

Pepsinogen |

PGI differences between patients with or without corpus
atrophy were not significant (112 vs. 117 pg/l), also when
comparing patients with or without antral atrophy (91 vs.
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Pepsinogen |: area under the ROC curve (AUC) for the diagnosis of (a) antral atrophy; (b) corpus atrophy; and (c) any atrophy. ROC, receiver

operating characteristic.

120 pg/l). AUCs for the diagnosis of atrophy in each
localization and in any localization were calculated, all
being unacceptably low; AUCs for the diagnosis of antral,
corpus, and any atrophy were 0.60, 0.51, and 0.60,
respectively (Fig. 3). No cut-off point was calculated
because of these poor results.

Pepsinogen Il

PGII levels were not significantly different among groups
on the basis of histological diagnosis. Only in the case of
corpus atrophy was the difference almost statistically
significant (33 pg/l in corpus atrophy patients vs. 21 pg/l
in the rest; P=0.05, difference in the means 11.2 pg/l,
95% CI=22.4-0.1 pg/l). ROC curves were developed for
the diagnosis of atrophy in antrum, corpus, multifocal,
and any location. AUCs were, respectively, 0.54, 0.72,
0.54, and 0.65 (Fig. 4). The best cut-off point was studied
for the diagnosis of corpus atrophy (21.2 pg/l): sensitivity
75% (95% Cl=65-84%), specificity 69% (95%
CI=58-79%), positive 20.7% (95% Cl=12-30%) and
negative 96.2% (95% CI1=92-100%) predictive values,

and positive 2.4 (95% CI=1.4-4.0) and negative 0.4
(95% CI=0.1-1.22%) likelihood ratios.

Pepsinogen | and Il ratio

No statistically significant differences were found for any
subanalysis on the basis of the localization of the atrophy.
AUCG:s for the diagnosis of atrophy showed unacceptable
values in all cases: antrum (0.56), corpus (0.61), and any
localization (0.66) as shown in Fig. 5.

Helicobacter pylori antibodies

Hp-ab were tested for the diagnosis of H. pylor: infection.
The mean levels were significantly different between
infected and noninfected patients (251 vs. 109 EIU,
P=0.01, difference in the means 143 EIU 95%
CI=35-251 EIU). AUC for the diagnosis of infection was
0.70. The best cut-off point was 63 EIU. The accuracy
of this cut-off point was as follows: sensitivity 76%
(95% CI=66-84%), specificity 71% (95% CI1=61-81%),
positive 86% (95% Cl=78-94%) and negative 55%
(95% Cl=44-66%) predictive values, and positive
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Fig. 4
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Pepsinogen II: area under the ROC curve (AUC) for the diagnosis of (a) antral atrophy; (b) corpus atrophy; (c) any atrophy; and (d) multifocal atrophy.

ROC, receiver operating characteristic.

26 (95% ClI=1.4-49) and
CI=0.2-0.58%) likelihood ratios.

negative 0.4 (95%

GastroPanel

GastroPanel’s diagnosis was compared with histology
(Table 2). The accuracy of GastroPanel for the diagnosis
of CAG was as follows: sensitivity 50% (95%
CI=39-61%), specificity 80% (95% Cl=71-88%), posi-
tive 25% (95% Cl=16-34%) and negative 92% (95%
CI=86-98%) predictive values, and positive 2.4
95% CI=1.1-5.2) and negative 0.6 (95%
CI=0.3-1.18%) likelihood ratios. Subanalysis stratifica-
tion by localization of atrophy was performed, but the
results showed no improvement (data not shown).

Discussion

GastroPanel has previously been suggested as a promis-
ing noninvasive method for the diagnosis of gastric atro-
phy, with the ability to diagnose and localize different
degrees of atrophy [6,14]. Although, theoretically,
GastroPanel could be a useful method to reduce

unnecessary gastroscopies, the results of the present
study are discouraging [6].

The present study analyzed the quantitative measure-
ments of each biomarker and carried out qualitative
evaluation using the commercial GastroPanel software for
the diagnosis of CAG. The levels of G17 were, as
indicated in the previous literature, reduced in patients
diagnosed with antral atrophy and increased in
patients with corpus atrophy. This increase in secretion is
produced to compensate for the reduction in acid secre-
tion in the antrum [6]. Even though it is assumed that the
diagnostic accuracy of G17 would be best for the diag-
nosis of antral atrophy [11], we could only find very
limited utility of G17 for the diagnosis of corpus atrophy
in the population studied. The measurement of G17 for
the diagnosis of antral atrophy had an unacceptably low
accuracy.

Contrary to expectation [6,10,11,13-17], no significant
differences were found between patients with or without
CAG in PGI levels, irrespective of whether the atrophy
was in the antrum, the corpus, or both. Previously
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Table 2 GastroPanel versus histology contingency table

Histology
No atrophy Atrophy Total
GastroPanel
No atrophy 60 5 65
Atrophy 15 5 20
Total 75 10 85

published data suggest that PGI is slightly increased in
cases of antral atrophy as a means to regulate and com-
pensate stomach acidity [6]. Therefore, it is especially
surprising that the levels of PGI are decreased in the
patients in our study with only antral atrophy. In this
scenario, the use of PGI as a marker of gastric atrophy
showed no real utility.

PGII is secreted throughout the entire stomach and
therefore it is considered to be a good marker of multi-
focal CAG [4,10,18] and of corpus atrophy when
combined with PGI in the PGI/PGII ratio [4-6]. In
the population studied, PGII was increased in patients
with corpus atrophy, even though the previous literature
described a reduction in PGII levels in any atrophy,
especially in patients with multifocal atrophy. In
any case, as the accuracy of PGII for the diagnosis of
atrophy was only acceptable for corpus localization
and still suboptimal, its use as a marker of atrophy
cannot be recommended even if it may be indicative
for corpus atrophy. The PGI/PGII ratio is used to diag-
nose corpus atrophy in the GastroPanel software,
but no diagnostic accuracy was found in the population
studied.
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Finally, the usefulness of the serological determination of
Hp-ab for the diagnosis of H. pylori infection has been
questioned previously in the literature [13,14,16]. The
accuracy of this marker is suboptimal mainly because of
the high range of interpatient variability in its levels. Our
results confirm that Hp-ab levels can be indicative of pre-
existing exposure to the bacteria, but, in agreement with
most clinical guidelines, should not be the method of
choice for the diagnosis of current infection [16,17].

The main limitation of the present study is the final low
prevalence of atrophies found in the population studied,
which increases the Cls of our results. To avoid mis-
interpretation of these results, Cls of sensibility and
specificity must be taken into consideration. It can be
argued that the population studied is not the best can-
didate for GastroPanel as it is not the age range for gastric
cancer screening; however, the self-declared utility of
GastroPanel is not only to identify cases at high risk
of gastric cancer but to allow a noninvasive diagnosis of
gastric mucosal lesions (risk assessment), ranging from
nonatrophic gastritis to gastric cancer. The suboptimal
accuracy of GastroPanel (and the individual biomarkers)
may be negatively affected by some other variables, but
these unknown altering variables (such as a possible
spotty gastritis with ‘normal function’) arise from real
clinical practice experience and therefore similar negative
variables may occur if GastroPanel is systematically used
in clinical practice.

In summary, it could be concluded that the biomarkers
used by GastroPanel do not have, individually, enough
accuracy for use in the diagnosis of atrophy in the
population studied. GastroPanel software uses an algo-
rithm based on the combination of the cut-off points of all
markers. The comparison of its results with the gold
standard in the population studied showed very limited
accuracy, failing to diagnose half of the atrophies (sensi-
tivity =50%). According to these data, the use of the
algorithm and cut-off points as established in the com-
mercial GastroPanel software cannot be recommended
for clinical practice. Better cut-off points and a modified
algorithm could be developed for this specific population,
but the low diagnostic accuracy of each of the markers
will probably not lead to improvement in the results of
GastroPanels to meet the requirements of everyday
clinical practice. These results suggest that the ser-
ological approach may not be the best method to screen
for gastric atrophy. The search for and development of
accurate noninvasive methods for the diagnosis of gastric
lesions such as atrophic gastritis are still an unresolved
priority.
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