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Aim: to present current information on serological screening approaches for precancerous gastric diseases and ear-
ly gastric cancer.

Key points. Gastric cancer is one of the most common malignant tumors. Advanced stage of the tumor at the time
of diagnosis determines an unfavorable prognosis in a significant proportion of patients. A real strategy for reduc-
ing both the incidence of gastric cancer and mortality rate is the introduction of cost-effective screening methods
for atrophic gastritis associated with Helicobacter pylori (H. pylori) as a precancerous condition of the stomach. As an
alternative to endoscopic examination of the stomach, approaches based on the evaluation of serological markers
associated with H. pylori infection and reflecting the state of the gastric mucosa are currently proposed for laboratory
screening: serum levels of antibodies to H. pylori, pepsinogen |, pepsinogen Il and gastrin 17. Tests combining these
markers, GastroPanel®, ABC and New ABC methods, as well as some of their modifications, are currently being wide-
ly studied as a tool for atrophic gastritis or gastric cancer risk group selection for further endoscopic examination.
Conclusion. An ensemble of serological markers, pepsinogen |, pepsinogen Il, gastrin 17, and antibodies
to H. pylori, allows for identifying atrophic gastritis with relatively high reliability, and considering additional factors,
a high-risk group for the presence of gastric cancer. To achieve optimal medical and economic efficiency, it is neces-
sary to improve the criteria for interpreting test results and including subjects in screening programs.
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MeaNLMHCKNI NCCIen0BaTeIbCKU LIeHTP paaunosorin» MuHnctepcTsa 3apaBooxpaHeHus Poccurickori Penepaumn, Mocksa,
Poccwrickas ®enepaums

2 PrbY «HaumoHanbHbIv MEeANLIMHCKUI MCCIEA0BAaTE/IbCKUI LIeHTP paanonoruv» MuHUCTepcTBa 34paBooxXpaHeHust Poccuiickoi
denepaummn, ObHMHCK, Poccurickas Penepadms

3 PraA0Y BO «Poccuiickuii YHnBepcuteT apyx6bl Hapoaos uMm. lNatpuca Jlymymbsi», MockBa, Poccurickas denepawms

Llenb: npeacraBntb akTyasibHble CBEAEHWS O Noaxoaax K CEPOsIOrM4eCKOMY CKPUHUHTY Npeapaka U paHHero paka
Xenynka.

OcCHOBHbIE NOJIOXeHUs. Pak xenyaka — ogHa 13 Hanbonee 4acTo BCTPEYAIOLLMXCS 3/T0KAYECTBEHHbIX OMyXOJIEeN.
PacnpocTpaHeHHOCTb OMyxX0IEBOro NMPOL,Eecca Ha aTane NepBUYHON ANArHOCTUKM onpeaenseT HebnaronpusaTHbIN
MPOrHO3 y 3HAYUTENBHOM YacTu OONbHbIX. PeanbHOM CTpaTermen CHMXEHUs kak 3aboneBaeMoCT PakoM Xenyn-
Ka, TaK U CMEPTHOCTU OT HEro ABNSETCS BHEAPEHNE 3KOHOMUYECKU Lienieco0bpasdHbiXx METOLOB CKPUHMHIA aTpo-
duryeckoro racTpuTa, accoumMnpoBaHHOro ¢ Helicobacter pylori (H. pylori), kak npeapakoBOro COCTOAHUSA XenyaKa.
B kauyecTBe anbTepHaTVBbl 9HOOCKOMUMYECKOMY WUCCNEA0BaHMIO A 1abopaTOPHOro CKPUHUHIA aTpoduyeckoro
racTputa CerogHs npennararTcd noaxoabl, OCHOBAaHHbIE Ha ONpefeneHnn CeposIorm4eCckKnx MapkepoB, CBSA3aH-
HbIX C XENMKOOAKTEPHOM MHMEKLIMEN N OTPAXKAIOLLMX COCTOSAHME CIM3NCTOM 0B0I0HKN XenyaKka: CbiIBOPOTOYHOrO
YPOBHSA aHTUTEN K H. pylori, nencmnHoreHa |, nencuHoreHa Il n ractpmHa-17. KomnnekcHble TeCThl, BKOYaOLWe
aTK Mapkepbl, — «[acTtpollaHens®», metoabl ABC n New ABC, a Takke HEKOTOPbIE X MoAMbUKaALMM B HACTOSLLEE
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BPEMS LLUMPOKO UCCEOYIOTCHA KaK MHCTPYMEHT GOPMMPOBAHUS MPYMIbl PUCKa HANUYUa atpopu4eckoro racTtpura
1 paka Xenyaka ajis ganbHenwero 9HA40CKonmMyeckoro obcnenoBaHus.

3aknovyeHue. AHcambilb U3 CEPOJIOTMYECKMX MapkepoB (mencuHoreH |, nencuHoreH Il, ractpuH-17, aHTuTena
K H. pylori) n0O3BONISET CO CPaBHUTESNIbHO BbICOKOM LOCTOBEPHOCTbLIO BbIABJIATL XPOHUYECKUA aTPOPUHECKNA ra-
CTPUT, & C Y4ETOM LOMNOJIHUTESIbHBLIX GaKTOPOB — FPYIMy BbICOKOrO PUCKa Hanuyusa paka xenyaka. na 4oCTuxXeHus
ONTUMAaNbHOM MEeOVLIMHCKOW 1 3KOHOMUYECKOV 3 HEKTUBHOCTM HEOOXOAMMO COBEPLUEHCTBOBAHME KPUTEPUEB VH-
TeprnpeTaunmn pesysibTaToB TECTOB U BKJIIOYEHNS 06CnenyemMblX JINL, B CKPUHUHIOBbLIE MPOrpamMmbl.

Kniouesble cnoBa: pak xenyaka, XpOHUYECKU aTpOPUYECKMIA FaCTPUT, CEPOIIOrNYECKNE MapKepbl

KoHdnukT MHTEepecoB: aBTopbl 3a8BASIOT 06 OTCYTCTBUN KOHMINKTA NHTEPECOB.

Ana untnposanusa: Cepreesa H.C., Pabuesa B.W., Muporoe C.C., Kapmakosa T.A., AneHToB W.U., MapytuHa H.B., KanpuH A.LL.
Ceponoruyeckne TecTbl A5 BbIIBNEHMSA NPeapakoBbix 3a00NeBaHuiA 1 paka xenyaka. POCCUIACKUIA XypHa racTPO3HTEPOSIOru,
renartosnorum, kononpokTtonorun. 2025;35(5):85-99. https://doi.org/10.22416/1382-4376-2025-35-5-85-99

Introduction

Gastric cancer (GC) is the sixth most preva-
lent form of cancer in Russia and worldwide. The
S-year survival rate of patients diagnosed with
gastric cancer in most countries is less than 20 %
[3]. This is attributable to the late detection of
cancer, with more than one third of cases being
first diagnosed at stages III—IV of the tumor pro-
cess [1].

The principal risk factor for the development
of intestinal-type GC, the predominant tumour
variant among neoplasms of this localization, is
chronic atrophic gastritis (AG), a disease char-
acterised by inflammation of the mucosa leading
to gastric gland atrophy. The identification and
treatment of chronic AG has been identified as
a viable method of reducing both the incidence
and mortality of GC. Japan, a country with an
extremely high prevalence of cancer, provides
a pertinent case study. Between 1975 and 2005,
the implementation of total endoscopic control of
precancerous lesions resulted in a 50 % reduction
in mortality from this specific type of tumour in
male patients [4]. In Japan, the proportion of
early-stage cancer cases that can be treated by
minimally invasive endoscopic techniques with a
favourable long-term prognosis and good quality
of life is 70 % [5], whereas in most other coun-
tries it does not exceed 20 % [6, 7].

However, the use of gastroscopy as a reliable
method of early diagnosis of gastric precancerous
conditions necessitates modern equipment and
highly qualified specialists, incurring significant
costs even for developed countries with a high
incidence of GC. This requires the exploration
of cost-effective diagnostic methodologies for
the detection of precancerous lesions and/or ear-
ly-stage GC.

It is widely accepted that chronic Helicobacter
pylori (H. pylori) infection is a primary contrib-
uting factor to chronic AG [8]. The cytotoxins
produced by the bacterium are responsible for the
death of the epithelial cells, the destruction of the

epithelial layer, and the subsequent inflammatory
reaction. Proinflammatory cytokines have been
demonstrated to activate signaling pathways in
epithelial cells, resulting in increased division in-
tensity, suppression of apoptosis, and induction of
epithelial-mesenchymal transition [9]. Oxidative
stress and virulence factors of H. pylori have
been demonstrated to directly lead to cellular
DNA damage and genomic instability [9]. The
hypoacidic state of the stomach, resulting from
glandular atrophy and urease activity of H. pylo-
ri, has been shown to stimulate gastrin 17 (G-17)
secretion. This, in turn, has been demonstrated to
influence the pathogenesis of stomach cancer [10].
Serological markers associated with these
pathological conditions, in various combina-
tions, are now proposed for laboratory screening
of H. pylori infection and atrophic gastritis as
a precancerous gastric condition. The aforemen-
tioned markers encompass antibodies to H. pylori,
as well as blood levels of pepsinogen I (PGI),
pepsinogen II (PGII) and gastrin 17 (G-17).

Serologic laboratory tests for the detection
of atrophic gastritis

Antibodies to Helicobacter pylori

The prolonged persistence of H. pylori in the
gastric mucosa has been well-documented as a risk
factor for the development of noncardiac intesti-
nal-type GC [11]. However, H. pylori does not
act as a direct carcinogen, since the eradication
of long-term persistent H. pylori does not reduce
the probability of developing gastric cancer [12].
IgG antibodies to H. pylori serve as an indicator
of current or past H. pylori infection.

The H. pylori antibody test system, used in
serological tests, in particular, GastroPanel® (see
below), demonstrates 91—99.9 % coincidence
with histological conclusions about the presence
of the pathogen [13—15]. The area under the
curve (AUC) when compared with histology is
0.993 [15].
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Pepsinogen 1

PGI is a proteolytic enzyme, a precursor of
pepsin, which is synthesized by the chief and neck
cells of the glands of the stomach floor and body.
Most of this substance is excreted into the gastric
lumen, where it undergoes conversion to pepsin in
the presence of hydrochloric acid. It has been de-
termined that only a negligible proportion of PGI
is released into circulation [13]. The correlation
between the amount of PGI in the blood and the
number of principal cells in the gastric mucosa is
significant. During the development of H. pylo-
ri-associated AG, the concentration of PGI in the
circulation decreases linearly [16]. Furthermore,
the level of PGI in blood is influenced by ulcero-
genic agents such as aspirin and smoking [17].

Pepsinogen 11

PGII is produced by chief and neck gland cells
of the body and antral glands of the stomach, as
well as by Brunner’s gland cells of the proximal
duodenum. PGII, as well as PGI, is activated by
hydrochloric acid [13]. Serum levels of PGII have
been shown to be elevated in gastritis of various
etiologies, including infectious (e.g. H. pylori),
parasitic, and biliary (with biliary reflux), which
is also implicated in the pathogenesis of intesti-
nal-type GC [18].

As the progression of AG occurs, the PGI/II
ratio decreases linearly [19].

Gastrin 17 (G-17)

Gastrin is a peptide hormone produced by
G-cells in the pyloric portion of the stomach,
duodenum and pancreas. Its main function is to
stimulate the secretion of hydrochloric acid by
the parietal cells of the glands of the gastric body.
In addition, gastrin partially stimulates the pro-
duction of pepsinogens by the parietal cells of
the gastric glands [16, 20]. A mixture of differ-
ent molecular weight gastrins is released from the
G-cells into the circulation, including G-71, -52,
-34, -17, -14, and -6, which are formed as a result
of post-translational modification of pre-progas-
trin. In healthy humans, gastrin 17 (G-17) pre-
dominates in plasma [10, 18, 21].

Table 1. Diagnostic levels of biomarkers

Tabauua 1. [luarnoctuyeckue YPOBHU MapKepOB

The target of G-17 in the stomach are entero-
chromaffin-like cells, which have cholecystoki-
nin receptors (CCK2R) that bind gastrin. In
response to gastrin stimulation, enterochromaf-
fin-like cells produce and release histamine into
the circulation, which binds to its receptors on
parietal cells and activates their secretion of hy-
drochloric acid [10, 20].

One of the main reasons for increased circulat-
ing G-17 levels is insufficient hydrochloric acid
secretion, especially in cases of H. pylori-associ-
ated AG. This condition is characterised by the
death of both parietal and principal cells and is
often accompanied by an antacid (‘acid-free’)
stomach [10, 15, 18, 20]. Additionally, high G-17
levels may result from autoimmune AG.

Low G-17 levels may indicate the presence of
AG in the antral region when H. pylori is detect-
ed or increased hydrochloric acid secretion in the
absence of H. pylori, which is associated with an
increased risk of peptic ulcer disease and Barrett’s
oesophagus [10, 16, 20, 22].

Serological tests in the detection of gastric
precancerous conditions

The GastroPanel® (Biohit Oyj, Finland) [21]
is a complex of four markers, mainly used in
European studies.

Serological laboratory tests are designed to de-
tect gastric mucosal atrophy, which is a precur-
sor of intestinal-type GC. The aim is to identify
patients with precancerous lesions and monitor
them for early-stage GC diagnosis and treatment,
which could reduce mortality in this category of
cancer patients.

Based on the analysis results, the software
of the above-mentioned manufacturer issues one
of the eight conclusions listed and correspond-
ing recommendations. These recommendations
are based on stochastic algorithms and the use
of certain discriminatory levels of four markers
(Table 1).

Serological laboratory tests distinguish 8 pro-
files of gastric mucosa condition (five main and

Biomarker Unit of measurement Normal values Abnormal values
Mapxep Eodunuua usmepenus Hopma He nopma
Antibodies to H. pylori EIU <30 >30
Anmumena x H. pylori
PGI pg/L / mxe/n 30—160 <30
PGII ug/L / mxe/n 3—15 <3
PGI/PGII rel. units / omu. eo. 3—20 <3
G-17b pmol/L / nmonw/ 1 1-7 <1, >7
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Table 2. Diagnostic categories of test results (adap. from [13, 18])
Ta6auua 2. [lnarnoctidecKne Kateropuu pesyabratos tectos (agant. mo [13, 18])

GastroPanel® biomarkers Conclusion on the gastric
Mapxepwvt «Tacmpoll aneau® » mucosa condition g
Recommendations
3axaiouenue o cocmosnuu S p—— ——
H. pylori PGI PGI/PGII | G-17 causucmoil 06010uKu
JKkeayoxa
Healthy mucosa (no atrophy,
no H. pylori infection)
= N N N 3doposas causucmas =
o6onouxa (6e3 ampopuu
u H. pylori
- H. pylori eradication
is recommended
Pexomendyemcs
H. pylori-associated gastritis |spaduxayus H. pylori
+ N N N % .
Xenuxobaxmepnoui 2acmpum |- Gastroscopy at physi-
cian’s discretion
T'acmpockonus —
nO YCMOMPEHUIo 8paud
Below N Below N Atrophic gastritis of the corpus |- High risk of gastric
Huxxe N Huxe N and antrum. cancer
Hypochlorhydria Buicokuil puck pazeumus
+/_ Above N | or achlorhydria of the stomach |paxa xenyoxa
and/or Bouuwe N Ampochuneckuii eacmpum - Gastroscopy is recom-
w/ unu mena u ona xeayoxd. mended
T'unoxnopudnulil Pexomendyemcs
UAU AXTOPUOHBIL KeYOOK | 2acmpockonust
- High risk of gastric can-
cer and gastric/duodenum
. . ulcer
Atrophic gastritis of the B .
B ot BICOKUL PUCK PA3BUMUSL
antrum or hydrochloric acid
: paxa xeayoxa u
hypersecretion
Below N > A36bL JKeaAyoka,
= N N Ampoghuneckuii eacmpum =
Huxe N deenaduyamunepcmuo
anmpanvrozo omoead LKL
U NOBLLUEHHAS CEKPEUUs. 3
. - Gastroscopy is recom-
COMANOU KUCTOMDL
mended
Pexomendyemcs
2acmpocKonus
Below N Hmke N - High risk of gastric
Husxe N Below N cancer
Buicokuii puck pazsumus
+/ Below N Atrophic pangastritis paxa xenyoxa
and/or Huxe N | Ampoguueckuii naneacmpum |- Gastroscopy is recom-
w/ unu mended
Pexomendyemcs
2acmpocKonus
N Decreased hydrochloric acid
i . logist
or above N secretion _ Gastroeptero 0gis
. N N Below N | (for example, due to taking PPI) |consultation
Wi Huxe N Honusxennas cexpeuus Koncyrvmavus
- COAANOU KUCTOMDL 2acmpoanmepoiozd
(nanpumep, na gone UIIII)
Increased hydrochloric acid |- Gastroenterologist
_ N N Below N secretion consultation
Huxe N Ioeviwennas cexpeuus Koncyrvmauus
CONANOU KUCTOMbL 2acmpoanmeposoza
Short break (4—10 days)
_ Above N N Above N in PPIs taking _
Bouwe N Bouwe N Kpamxui nepepoie
(4—10 onewr) 6 npueme UIII1

Notes: N — norm, PPI — proton pomp inhibitors.
Ipumeuanue: N — nopma, UIITI — unzubumopor npomoHHot noMnoL.
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three additional) according to the morphological
classification of gastritis USS (Update Sydney
System) [13, 18, 23]. The main diagnostic cate-
gories are as follows: 1) mucosa without atrophy
or H. pylori infection; 2) non-atrophic H. pylori
gastritis; 3) AG of the gastric body and fundus
(including autoimmune AG); 4) antral AG or in-
creased hydrochloric acid secretion; and 5) atro-
phic pangastritis. To identify the autoimmune na-
ture of AG (Group 3), antibodies to parietal cells,
Castle’s intrinsic factor [10, 16, 21] and (in some
studies) antibodies to thyroid peroxidase and the
level of vitamin B, are assessed in the blood se-
rum [24, 25].

Based on conclusions 3—5, a risk group for the
development of GC is formed, requiring further
investigation (upper endoscopy) and subsequent
monitoring (Table 2).

The three additional diagnostic categories of
serological markers are increased and decreased
hydrochloric acid secretion, and a profile of mark-
ers characteristic of a short-term interruption to
proton pump inhibitors intake (Table 2).

According to the meta-analysis by R.M. Zagari
et al. [26], the sensitivity of serological laborato-
ry tests in detecting AG in asymptomatic individ-
uals is 74.7 %, with a specificity of 95.6 % and a
negative predictive value of 91 %. Data system-
atised by M. Romafczyk et al. [27] show that
the sensitivity achieved in detecting AG varies
significantly across studies from different coun-
tries using identical marker threshold levels: from
39.9 % with a specificity of 93.4 % in France
(a country with a low incidence of AG) to 80.6 %
with a specificity of 48.8 % in Taiwan (a coun-
try with a high incidence of AG). It should be
noted that the meta-analyses [21, 27] included
studies in which the authors used the recommend-
ed discriminatory levels of markers, whereas the
systematic review discusses studies in which the
authors used different discriminatory levels based
on the objectives of the study and the results of
the receiver operating characteristic (ROC) ana-
lysis [27].

A meta-analysis and a systematic review by
K. Syrjinen et al. [18, 21]showed that GastroPanel®
is more effective at detecting gastric body AG
than antral AG. The sensitivity and specificity
of GastroPanel® for gastric body AG were 70.2
and 93.9 % respectively, and for antral AG they
were 51.6 and 84.1 %. These results are as expect-
ed since the antral AG marker profile (low G-17
with normal values for the other markers) is also
observed in a hyperacidic stomach without antral
atrophy (Table 2).

It should be emphasized that the conclusion
based on the results of serological testing about
the absence of atrophy and H. pylori has high
sensitivity and specificity — 89—94 % and 92—
95 % respectively [19, 29].

Results of the assessment

in asymptomatic populations

According to the results of a study using sero-
logical tests in asymptomatic populations of peo-
ple in the United States concluded that screening
for gastric precancerous lesions reduces gastric
cancer mortality by 27 %, with the same effec-
tiveness as mammography in women aged 50—59
(cit. from [30]).

The frequency of detection of gastric body AG
using laboratory tests confirmed by upper endos-
copy and morphological studies of biopsy spec-
imens, according to the results of meta-analysis
by K. Syrjénen et al., is 0.3 %, while antral AG
detection is 0.2 % [21]. In Russia, the detection
rates were 7.5 % for gastric body AG, 23 % for
antral AG and 1 % for atrophic pangastritis, with
an overall concordance rate with upper endoscopy
of 82.5 % [31]. Other Russian researchers found
that the laboratory tests conclusion about the
presence of AG coincided with the morphological
conclusion in 95.2 % of cases [25].

Overall, all authors agree that the GastroPanel®
is an effective method for detecting AG in asymp-
tomatic populations. However, the low frequency
of AG makes it necessary to clarify the inclusion
criteria for asymptomatic individuals in screening
programmes for economic reasons.

Results of the study in populations

of subjects with dyspepsia

As expected, the frequency of AG detection
was higher in patients with dyspepsia than in as-
ymptomatic populations, ranging from 10.2 % in
Finland to 65 % in Romania. Approximately half
of those examined patients were infected with
H. pylori (Table 3). All cases of AG identified
were confirmed morphologically using biopsy
specimens taken during EGDS. The diagnostic
characteristics of available serological laboratory
tests (sensitivity, specificity, positive and neg-
ative predictive values, and the area under the
curve for individual markers) vary greatly be-
tween studies. According to the authors, this is
related to the qualifications and equipment of en-
doscopists and morphologists. Table 3 summarizes
a few typical studies. Most authors conclude that
serological testing is an excellent tool for exam-
ining patients with dyspepsia, as the results allow
for the selection of a risk group for referral for
an upper endoscopy. In this regard, the results of
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Table 3. Detection rate of atrophic gastritis in the population of patients with dyspepsia
Ta6auua 3. YactoTa BbIsABJIEHNUS aTPO(UUECKOr0 TACTPUTA B TIOMYJISIUN HAIIMEHTOB C JUCIETCHei

HP detec-
Source Country AG detection rate, % |tion rate, % Additional information
Hcmounux | Cmpana Yacmoma AT, % Yacmoma donoanumenvnas unopmavus
HP+, %
Match with histology / Cognaderue
¢ eucmonozueti — 92.4 %
[15] Finland 10.2 % AUC for PGI / AUC das PGI — 0.952
Dunnandus e AUC for PGI/PGII / AUC das PGI/
PGII — 0.998
AUC for HP+ / AUC dzs HP+ — 0.993
16 % . .
9 Match with histology for AGC /
[29] Italy EXACS{C // A/}QTi_ 312 é’ ’ Cognadenue c zucmonoezueti o AI'T — 94 %
Hmanus AnAG / nanAr e Sensitivity / Yyscmeumenvriocmo — 80 %
p 9.4 %) Specificity / Cneyugpuunocmo — 96 %
Mexico ° o
[32] Mexcurxa 14 % 49.6 % =
Romania Sensitivity / Yyecmseumenvrnocmo — 50 %
[33] Pustiius 65 % 51 % Specificity / Cneyugpuunocms — 80 %
Y PPV / [I1I3 — 25 %, NPV / OII3 — 92 %
[34] Spain 6 % Sensitivity / Yyecmeumenvrocms — 87.5 %
HUcnanus ° Specificity / Cneyugpuunocms — 100 %
No differences in PGI and PGI/PGII
17 % in the presence or absence of AG / Hem
] 2 RG pasauuui PGI u PGI/PGII npu naruuuu
[35] HEEZ;—!I;,% (ﬁgf //flg B 760 g 51 % u omcymcemeuu AT
anAG / nanAl’ — 4°; ) Sensitivity / Yyecmseumenvnocmo — 50 %
P ° Specificity / Cneyupuurnocms — 80 %
PPV / [III3 — 25 %, NPV / OII3 — 92 %

Notes: AG — atrophic gastritis, AGA — atrophic gastritis of gastric antrum, AGC — atrophic gastritis of gastric corpus,
panAG — atrophic pangastritis, NPV — negative prognostic value, PPV — positive prognostic value, HP — Helicobacter

pylori.

IIpumeuanus: AI' — ampochuueckui zacmpum, AI'A — ampoguuecxkuti eacmpum anwmpanviozo omoena, AI'T — ampoghuue-
ckul zacmpum mena xeayoxa, nanAl — ampogpuueckui nanzacmpum, OII3 — ompuuamesvinas npozHOCMUUECKAS 3HAU-
mocmo, ITTI3 — noaoxumenvhas npoznocmuieckas suavumocmo, HP — Helicobacter pylori.

L. Lombardo et al. [29] are noteworthy, as they
found atrophic pangastritis in individuals under
30 years of age (12 % of all patients with atrophic
pangastritis), which could lower the recommend-
ed minimum age for the use of laboratory testing
(usually over 40 years). However, in individual
studies from Spain [35] and Iran [36], the au-
thors concluded that laboratory diagnostics us-
ing markers PGI, PGII, G-17, and antibodies to
H. pylori do not accurately predict the presence
of AG. In particular, PGI, PGII and PGI/PGII
levels were not significantly different in the pres-
ence or absence of AG.

Serological diagnostics using markers

of PGI, PGII, G-17, antibodies to H. pylori

in the detection of gastric mucosal atrophy

of varying severity

The question of whether it is possible to dif-
ferentiate between AG of varying severity using
serological laboratory testing is a natural one, as
its solution will allow for the identification of a
group of subjects with an extremely high risk of

developing GC, for the purpose of conducting a
precision endoscopic examination and subsequent
monitoring. Nevertheless, the question remains
unresolved. So, M.C.F. Coelho et al. (Brazil)
[37] stratified 41 patients with AG detected by
laboratory screening according to the severity
of atrophy as per the OLGA and OLGIM (mor-
phological classification) systems into the groups
of low and high risk of gastric cancer develop-
ment. The authors concluded that biomarkers
PGI, PGII, G-17 and antibodies to H. pylori do
not distinguish between these groups. The concor-
dance of OLGA and OLGIM conclusions in this
study was 85.4 %. A Romanian study of patients
with dyspepsia yielded similar results, with 65 %
of subjects diagnosed with AG [33]. The authors
found no differences in the levels of PGI, PGII,
G-17 and antibodies to H. pylori at different lo-
cations of atrophy, as well as in the presence and
absence of intestinal metaplasia.

At the same time, according to a study conduct-
ed in France [28], it was found that serological
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laboratory testing has almost twice the sensitivity
in diagnosing severe atrophy compared to mild
atrophy (61.0 % vs. 39.9 %). Furthermore, an
analysis of Finnish authors revealed that the area
under the curve (AUC) for differentiating moder-
ate and severe dysplasia by PGI levels was 0.952
(95 % CI: 0.891—1.000), and by PGI/PGII lev-
els was 0.998 (95 % CI: 0.996—1.000) [15]. It is
evident that the serological panel is capable of
distinguishing between varying degrees of dyspla-
sia with a high level of confidence. The data of
D. Ogutmen Koc and S. Bektas [38] demonstrat-
ed an inverse and significant correlation between
PGI and PGI/PGII, and the severity of atrophy
in the stomach. The authors hypothesize that the
combined use of serum pepsinogen determination
and OLGA/OLGIM staging can provide useful
information for differential diagnosis and risk as-
sessment of gastric cancer.

Study using serological laboratory tests

in patients with gastroesophageal reflux disease

U. Peitz et al. [39] examined the blood se-
rum of GERD patients enrolled in the ProGERD
program. They found a significant negative cor-
relation between PGI levels and gastric body AG
presence, though no antral AG cases were iden-
tified in this patient group. Overall, serological
testing had a sensitivity of 32 % and a specifici-
ty of 70 % in identifying AG in GERD patients,
leading the authors to conclude that its use in this
category of patients is inappropriate.

Study using serological laboratory tests

in patients with gastric cancer

To identify additional applications for the se-
rological testing, several authors have studied its
use in patients with GC.

A.V. Belkovets et al. (Russia) [40] examined
markers of PGI, PGII, G-17 and antibodies to
H. pylori in 85 cancer patients and demonstrated
that, according to serological test results, fundal
atrophy occurred in 43.2 % of cases. Meanwhile,
the average marker values in this cancer patient
group were within the reference intervals. The
authors found no differences in the test results
between groups differing in tumor morphology,
differentiation degree, stomach location and dis-
ease stage.

Similar data were obtained by E. Gagenko
et al. (Latvia) [41] in a study of 481 patients
with GC, in which the serological testing was
used. The values of PGI, PGII, G-17 and anti-
bodies to H. pylori markers were assessed using a
cut-off developed for the detection of AG. Of the
examined patients, 74 % were H. pylori-positive,
32.4 % had PGI/PGII <3.0, 12.2 % had a G-17
level <1.0 pg/mL, and only 1.2 % had abnormal

values for all three markers. No correlation was
found between abnormal values and the histolog-
ical type of tumor (intestinal or diffuse) or its
anatomical localization in the stomach. The au-
thors concluded that most GC patients have nor-
mal levels of pepsinogen and G-17, and that these
markers are not useful for GC screening in the
European population. In our opinion, however,
these data require verification because, at least in
the case of small diffuse-type GC that has devel-
oped against a background of significant atrophic
changes, the results of serological laboratory tests
should indicate the presence of chronic atrophic
gastritis.

Researchers in Spain compared the results of
the serological test in patients with dyspepsia
(n = 47) and gastric cancer (n = 9). AG was
more prevalent among GC patients than among
dyspepsia patients (56 % vs. 6 %). The sensitivity
and specificity of the serological test for detecting
AG were 87.5 % and 100 %, respectively. PGI,
PGII, G-17 and antibodies to H. pylori markers
remained normal in four out of nine cases of GC
that were not related to AG. This is to be expect-
ed, since these markers are primarily sensitive to
atrophic mucosal changes and are not designed to
detect GC.

In a study byG. Dondov et al. (Mongolia)
[42], which included 40 patients with GC, 40 pa-
tients with AG and 40 control cases, the authors
demonstrated that patients with GC have lower
PGI and PGI/PGII values than patients with AG.
Evaluating the combination of these values using
the discriminatory levels calculated by the au-
thors (PGI <35.25 ng/mL and PGI/PGII <5.27)
enabled patients with GC to be distinguished
with a sensitivity of 77.7 % and a specificity of
60.5 %.

Authors from Iran attempted to answer the
question of whether intestinal-type AG and GC
could be discriminated using the serological lab-
oratory tests [43]. They also modified the rec-
ommended discriminatory levels and found that
reduced PGI (<80 ng/mL) and PGI/PGII (<10)
values could differentiate between AG and GC
with high accuracy (AUC — 0.83 and 0.78, re-
spectively).

Thus, the limited available data does not yet
allow us to draw a definitive conclusion about
the diagnostic potential of serological diagnostics
in relation to GC. Nevertheless, the correlation
between marked atrophy of the gastric mucosa
and low PGI and PGI/PGII values provides a
basis for using these markers, either on their own
or in combination with H. pylori antibody lev-
els, to assess the risk of GC development. For
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example, a Russian prospective study involving
9,360 individuals showed that patients with GC,
which was identified over an 8-year follow-up
period (n = 52), had significantly lower mean
PGI levels (65.5 ug/L vs. 94.5 ug/L) and lower
PGI/PGII values (3.7 vs. 6.3) than the control
group (n = 104; matched for age, sex, follow-up
duration, etc.). The threshold levels of atrophy
indices for GC risk assessment exceeded those re-
commended by the manufacturer (PGI <55 pg/L;
PGI/PGII <5.0) and varied according to the sub-
jects’ sex. In a multivariate analysis, only the
PGI/PGII ratio demonstrated reliable predictive
power (OR = 3.3; 95 % CI: 1.5—7.3). The prog-
nostic significance of low blood pepsinogen levels
as an indicator of AG associated with a high risk
of GC development is confirmed by other inde-
pendent studies [45].

Laboratory screening systems for gastric
cancer and precancerous diseases of the
stomach in East Asian countries

The incidence of gastric cancer in East Asian
countries — Japan, China and South Korea — is
the highest in the world [4]. Furthermore, in
Japan and South Korea, early gastric cancer ac-
counts for 70 % and 50 %, respectively, of the
primary gastric neoplasms detected, whereas in
China the proportion of such cases does not ex-
ceed 10 % [5, 46, 47]. These differences are due
to the fact that in Japan and South Korea screen-
ing with gastroscopy is mandatory for all persons
over 40 years of age. While this approach ensures
a high rate of early cancer detection, it places a
heavy burden on the health care system, requires
specialists and expensive equipment, and is in-
vasive with insufficient patient compliance. In
China, a country with a high population density,
total endoscopic screening is not performed for
the above reasons.

These circumstances justify investigating the
possibility of using laboratory tests to form a risk
group for the presence of GC for further endo-
scopic screening. The laboratory tests used for
this purpose are the same as those used in the
GastroPanel®, but differ in the manufacturer of
the test Kkits, the recommended discriminatory
levels values, the original combinations of tests
and the interpretation of the data.

ABC method

K. Miki et al. [48] suggested using three se-
rological tests for GC screening: PGI, PGII
and antibodies against H. pylori and to classi-
fy PGI <70 pg/mL and PGI/PGII <3 as PG-
positive cases (PG*) and antibody titer against
H. pylori =10 U/mL as positive cases (HP*). All

results were divided into four groups: Group A:
PG HP-; Group B: PG HP*; Group C: PG*HP;
Group D: PG'HP-. Based on the data of the sub-
sequent endoscopy of the subjects, the authors
justified the following interpretation of the re-
sults: Group A — uninfected; Group B — active
H. pylori infection, no or weak AG; Group C
— chronic AG with chronic H. pylori infection;
Group D — severe chronic AG with spontaneous
eradication of H. pylori. Groups C and D were
considered high-risk cases of GC requiring careful
endoscopic follow-up. Group B was classified as
having a moderate risk of GC. Group A, which
included 50—70 % of the subjects, could be ex-
cluded from further surveillance by the authors
if they had no clinical symptoms and were not
taking proton pump inhibitors [48].

Over the last 15 years, a number of screen-
ing programmes using the ABC method have been
carried out in different categories of subjects.

Firstly, Group A was found to give false-
negative results in patients after previous eradica-
tion of persistent H. pylori, thus missing severe
chronic AG and GC [49—51]. According to these
investigators, the ABC panel is not informative
in this category of individuals and screening for
GC should begin with gastroscopy. Furthermore,
it has been shown that elderly patients with se-
vere AG often fall into Group A; therefore, for
this category of subjects it is necessary to select
specific discriminatory levels of all three markers
to exclude false-negative results [52, 53].

Japanese authors believe that a fourth mark-
er — G-17 — should be added to the ABC panel
to improve its diagnostic properties. N. Nagasaki
et al. [54] in a study of 1507 people (ABC meth-
od + upper endoscopy), although they showed
the absence of GC in Group A, but revealed the
absence of differences in the frequency of GC in
Groups B, C and D (a total of 24 cases of GC
were revealed), which, in our opinion, confirms
the need to improve the diagnostic characteristics
of the ABC method. At the same time, D.Q. Ni
et al. [55] analyzed the screening results of 30,126
individuals and found a significantly higher inci-
dence of GC in Group D compared to Groups B
and C (4.1 % vs. 1.68 % and 1.38 %, respectively).
Y. Yamaguchi et al. [56] believe that the ABC
method is a good way to divide subjects into high
and low GC risk groups: screening of 36,628 sub-
jects resulted in 65 GC diagnoses, 52 (80 %) of
which were early GC.

S.M. Baek et al. [57] from South Korea in-
vestigated the results of the ABC method in pa-
tients with proven GC (n = 1124), with dysplasia
(n = 353) and in control subjects (n = 1463). They
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found that a PGI/PGII <3 was characteristic for
dysplasia and for disseminated intestinal-type GC,
and the combination of PGII >20 ng/mL with
H. pylori was characteristic for early diffuse GC
in patients younger than 40 years.

H. Kishikawa et al. [49] justified the pe-
riodicity of gastroscopy in subjects using the
ABC method; for Group B — every 3 years, for
Group C — every 2 years, for Group D — annu-
ally. For patients in Group A, after eradication
of H. pylori, an individual choice of gastroscopy
intervals is necessary, taking into account the du-
ration of persistence of infection.

ABC tests are included in the National Clinical
Guidelines of the People’s Republic of China
2024 for screening for GC in people over 40 years
of age with certain risk factors (smoking, family
history of GC, etc.) [58].

New ABC method

The New ABC method is an examination of
the serum levels of three markers — PGI, PGII
and G-17 [59, 60]. This means that the panel does
not include an assessment of H. pylori infection.
Cases with PGI < 70 ng/mL and PGI/PGII <3
are considered positive (PG*); cases with G-17
>2 pmol/L are also considered positive (G-17%).
The authors suggest dividing all the patients
studied into four groups: Group A — PG G-17-;
Group B — PG G-17*; Group C — PG'G-17-;
Group D — PG'G-17*. According to the risk of
having GC, subjects in Group A have a low risk
of having GC, those in Group B have a moderate
risk, and those in Groups C and D have a high
risk of having GC.

M.Y. Li et al. [61] concluded from a direct
comparison study that the New ABC method was
more sensitive and specific in detecting GC, in-
cluding early GC, but less sensitive than ABC
in detecting precancerous lesions — AG. Thus,
the sensitivity and specificity of the ABC meth-
od for AG were 75.8 and 36 %, and of the New
ABC they were 62.1 and 75 %, respectively. At
the same time, the sensitivity and specificity of
New ABC for early GC were higher than those
of ABC: 92.5 and 54.46 % vs. 90.74 and 29.46 %,
respectively.

D.Q. Ni et al. [55], who analyzed the results
of GC screening in 30,126 individuals using ABC,
New ABC and subsequent gastroscopy, suggested
introducing another parameter into the calcula-
tions — the PGI to G-17 ratio (PGR) with a
discriminatory level of 4.135, which improved the
diagnostic performance of laboratory screening.
Using this approach, the authors were able to
identify 22 cases of PGR, 19 of which were early.

X.M. Liu et al. [62] performed a detailed study
of the diagnostic performance of the New ABC
method in a cohort of 702 subjects, using upper
endoscopy with narrow-band imaging (NBI) and
chromoendoscopy as reference methods, assessing
gastric mucosal status according to the Kyoto
Classification of Gastritis. The incidence of AG,
intestinal metaplasia and intestinal-type GC, in-
cluding early GC, was assessed in low, interme-
diate and high-risk GC groups (according to the
New ABC). Based on the totality of the data ob-
tained, the authors concluded that the New ABC
is not suitable for screening for precancerous con-
ditions, but in countries with high population
density and high incidence of GC, it is applicable
for screening to select a population at high risk of
GC for gastroscopy [63]. Unfortunately, the pro-
portion of early cancers among primary detected
cases was very low.

H. Tu predictive model (“Tu’s score”)

for identifying the risk group of gastric cancer

Prediction model proposed in 2016 by H. Tu
et al. [16] is based on the analysis of the re-
sults of the Zhuangue Gastric Diseases Screening
Programme. It included 12,112 people who had
blood serum levels of four markers — PGI, PGII,
antibodies to H. pylori and G-17 — tested and
then underwent upper endoscopy. In analyzing
the results, the authors divided the markers levels
into ranges and calculated the odds ratio (OR) of
having GC in each range, on the basis of which
they assigned scores to each range (Table 4). The
incidence of GC increased with increasing total
score: from 24.1 cases per 100,000 person-years
with a score <2 to 122.7 cases per 100,000 per-
son-years with a score >14. According to these
results, criteria for low risk of GC (<2 points),
intermediate risk (3—13 points) and high risk
(>14 points) were established. The AUC of this
model was 0.803 (95% CI: 0.789—0.816) based on
ROC analysis.

Predictive model Li (“Li’s score”)

for identifying the risk group of gastric cancer

In 2019, the results of a multicenter screen-
ing-type study conducted in China to identify the
risk group for GC were published, which includ-
ed 14,929 participants [64]. To identify serologi-
cal markers, a set of PGI, PGII, G-17, antibodies
to H. pylori with an original division of marker
levels into ranges was used. All subjects under-
went gastroscopy. In addition, the authors ana-
lyzed the contribution of age, gender and dietary
patterns to GC risk. This analysis led to the de-
velopment of a predictive model (Table 5) which
allows subjects to be classified into three groups
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Table 4. System for assessing the risk of having gastric cancer using a predictive model “Tu’s score” [16]
Ta6auua 4. CucreMa OIEHKHM PUCKA HaJM4Msl paka sKeJIyAKa Mo NpejcKasateabHoil Mogenn «Tu’s

score» [16]

Gastric cancer risk Gastric cancer risk score
Risk factors, biomarkers (OR, 95% CI) Banaav, coomeemcmeytouue
dDaxmopuvt pucka, mapreput Puck naauuusa paxa ;xeayoxka | cmenenu pucka HAAUUUS paxd
(OlIll, 95% [AH) Kenyoxa
PGI, ng/mL /nz/mn
>70 ref. value / pecp. 3. 0
30—70 0.92 (0.8—1.05) 0
<30 1.21 (0.76—1.93) 1
PGII, ng/mL /nz/mn
0Q, (<6.0) ref. value / pecp. 3n. 0
Q, (6.01-9.73) 1.17 (1.02—1.35) 1
Q, (9.74—16.78) 1.82 (1.53—2.14) 3
Q, (=16.78) 3.22 (2.50—4.15) 6
PGI/PGII
>7 ref. value / peg. 3n. 0
3—7 2.10 (1.73—2.54) 4
<3 2.44 (1.58-3.77) 4
Antibodies to H. pylori, EIU
Anmumeana x H. pylori, EIU
Seronegative / Ceponezamusnoie (<34) ref. value / pe. 3n. 0
Seropositive / Ceponosumuenvie (>34) 3.76 (3.27—4.32) 7
G-17, pmol/L / nmorv/ 1
Q, (<0.5) 1.27 (1.11—1.47) 1
Q, (0.51-2.0) ref. value / pecp. 3m. 0
Q, (2.01-4.8) 1.33 (1.14—1.55) 1
Q, (>4.8) 1.75 (1.49—-2.06) 3
Note: OR — odds ratio, ref. value — within reference values, 95% CI — 95 % confidence interval, EIU — enzyme
immunounits.
ITpumeuanue: OIL — omnowenue wancos, 95% AH — 959 -nviti dosepumenvivlii unmeped, peg. 3n. — @ npedeaax pege-

pencuoix 3navenui, EIU (enzyme immunounits) — ummynopepmenmivie eQuHuybL.

according to their risk of developing GC: low
(0—11 points), intermediate (12—16 points) and
high (17—25 points), depending on the number
of points scored. The authors have shown that all
the risk indicators in the table are independent,
which justifies the possibility of grouping them
together. It is noteworthy that the highest odds
ratio was observed in the age group >69 years
(OR = 8.67; 9 points), with G-17 >5.7 pmol /L
(OR = 2.87; 4 points) and male sex (OR = 2.52;
4 points).

In a screening program involving 25,194 indi-
viduals, higher odds ratios (OR) of having GC
were obtained for age (5.934), male sex (5.721)
and high dietary salt (2.877), as well as a pro-
tective effect of green vegetable consumption
(0.388) [62]. In the same work, the diagnostic pa-
rameters of Li’s score in the detection of GC were
evaluated: sensitivity was 81.5 %, specificity was
77.8 % and AUC was 0.817 (0.721—0.913). The
frequency of GC was 0 % in the low-risk group,

1.63 % in the intermediate risk group and 9 % in
the high-risk group.

Y. Hu et al. [60], by analyzing the results of
9754 people by ROC analysis, found that Li’s
score has a significant advantage in its ability to
discriminate the risk group of early and preva-
lent GC compared with ABC, New ABC and Tu’s
score methods. According to D.Q. Ni et al. [553],
the frequency of detected GC in the medium and
high-risk groups was higher with the Li’s score
than with the ABC and New ABC methods.

Conclusion

The development of a range of tests suitable
for the detection of the main precursor of gastric
cancer of the intestinal type — atrophic gastri-
tis — is based on the fundamental findings of on-
cology regarding the mechanisms of carcinogene-
sis and the stages of tumour development in the
gastric mucosa.
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Table 5. System for assessing the risk of having gastric cancer using a predictive model “Li’s score” [64]
Ta6auua 5. CucreMa OIEHKHM PHCKAa HAJIMYMs pakKa KeJay[Ka 110 MpeJcKasaTeabHoil Momenn «Li’s

score» [64]

Gastric cancer risk Gastric cancer risk score
Risk factors, biomarkers (OR, 95% CI) Baanavt, coomeemcmeyrouiue
daxmopwvi pucka, mapxepot Puck naauuus paxa cmenenu pucka naauuus paxa
skeayoxa (OII, 95% /AH) Keayorxa
Age, years / Boapacm, 2000t
40—49 ref. value / pegp. 3n. 0
50—59 2.77 (1.72—4.47) 4
60—69 4.31 (2.69—6.89) 6
>69 8.67 (5.32—14.13) 9
Gender / IToa
female / xencxuu ref. value / peg. 3n. 0
male / myxcrou 2.52 (1.92—3.30) 4
Pickled vegetables in the diet
Mapunoeantvie 06owu 6 pauuone numanusi
rarely / pedko ref. value / pep. 3. 0
regularly / pezyaspno 1.49 (1.1-2.01) 2
Fried food / JKapenas eda
rarely / pedxo ref. value / pegp. 3n. 0
regularly / pezyasipno 1.71 (1.15-2.54) 2
Antibodies to H. pylori, EIU
Anmumeaa x H. pylori, EIU
Seronegative / Ceponezamustuie (<34) ref. value / pep. 3n. 0
Seropositive / Ceponosumuenvie (>34) 1.26 (1.12—1.62) 1
PGI/PGII
>3.89 ref. value / peg. 3n. 0
<3.89 2.02 (1.41-2.9) 3
G-17, pmol /L / nmonv/ 1
<1.49 ref. value / pecp. 3n. 0
1.5-5.7 2.01 (1.33-3.0) 3
>5.7 2.84 (1.93—4.17) 4

Note: OR — odds ratio, ref. value — within reference values, 95% CI — 95 % confidence interval, EIU — enzyme

immunounits.

ITpumeuanue: OI — omnowenue wancos, 95% JAH — 959 -nviti dogepumenvuviii unmepsd, ped. 3n. — é npedeaax pege-
pencuoix snavenui, EIU (enzyme immunounits) — ummynopepmenmivie eQunuiybL.

The collected data allow us to draw a clear
conclusion that the ensemble of four serological
markers (PGI, PGII, G-17, antibodies to H. py-
lori) makes it possible to detect gastric precancer-
ous lesions (chronic atrophic gastritis) with rel-
atively high reliability and, taking into account
such individual characteristics as age, sex, bad
habits and dietary peculiarities, to identify the
group of people with a high risk of developing
gastric cancer (Li’s score predictive model).

The range of clinical studies performed allows
us to conclude that the marker complex “PGI,
PGII, G-17, antibodies to H. pylori” is adequate
for the detection of atrophic gastritis of the body
and antral part of the stomach associated with
H. pylori mucosal infection. The serological test-
ing is currently recommended by the US Food
and Drug Administration (FDA) for the detec-
tion of H. pylori infection and atrophic gastri-
tis. Variations in the diagnostic performance, as
demonstrated by data from different authors, are

most likely due to differences in the qualifications
of endoscopists, morphologists and the equipment
of endoscopy departments in different countries.
At the same time, not all questions regarding
various aspects of the use of the serological labo-
ratory testing for such a task have been resolved.
For example, to achieve optimal medical and eco-
nomic efficiency, it is necessary to develop cri-
teria for the inclusion of subjects in screening
programs (asymptomatic persons, patients with
dyspepsia, age, including gender), which may dif-
fer in regions with high and low gastric cancer
incidence, as well as in countries with different
levels of economic development. Thus, especially
for countries combining high population density,
high gastric cancer incidence and not the highest
standard of living, the detection of severe atro-
phic gastritis with intestinal metaplasia and early
gastric cancer may be most relevant. The capabil-
ities and limitations of the serological laboratory
testing in this regard are not yet fully understood.
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