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Kratak sadr`aj

Uvod:Uvod: Rani rak `eluca (EGC) povezan je sa zna~ajno po-
bolj{anim pre`ivljavanjem kada se dijagnostikuje u izle~ivoj 
fazi; me|utim, dostupni neinvazivni alati za skrining osta-
ju ograni~eni. Biohemijski markeri u cirkulaciji koji odra-
`avaju atrofiju sluzoko`e `eluca, endokrinu disfunkciju i 
osloba|anje glikoproteina povezano sa tumorom pojavili 
su se kao obe}avaju}i dopunski alati za rano otkrivanje. 
Ova studija je sistematski procenila dijagnosti~ke perfor-
manse indeksa povezanih sa serumskim pepsinogenom, 
gastrina-17 (G-17), CA72-4, i njihovu kombinovanu upo-
trebu za skrining EGC.
Metode:Metode: Sistematski pregled i meta-analiza sprovedeni 
su u skladu sa smernicama PRISMA-DTA. Pretra`ivane 
su baze podataka PubMed, Embase, Web of Science, 
Cochrane Library, CNKI, WanFang i VIP od po~etka do 
decembra 2024. godine. Uklju~ene su studije koje su 
procenjivale serumski pepsinogen I (PGI), pepsinogen II 
(PGII), odnos PGI/PGII (PGR), G-17, CA72-4 ili kombi-
novane panele biomarkera za dijagnozu EGC. Dijagnos-
ti~ki indeksi, uklju~uju}i osetljivost, specifi~nost, dijagnos-
ti~ki odnos {ansi (DOR) i povr{inu ispod krive ROC (AUC), 
sintetizovani su kori{}enjem modela sa slu~ajnim efekti-
ma. Kvalitet studije je procenjen kori{}enjem QUADAS-2.
Rezultati:Rezultati: Uklju~eno je devet studija koje su obuhvatile 
1.856 u~esnika (823 slu~aja EGC i 1.033 kontrole). Me|u 
pojedina~nim biomarkerima, PGR je pokazao najve}u 
zbirnu osetljivost (1,00, 95% CI: 0,78–1,00), {to ukazu-
je na sna`nu pogodnost za skrining prve linije. G-17 je 
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Summary 

Background:Background: Early gastric cancer (EGC) is associated with 
markedly improved survival when diagnosed at a curable 
stage; however, accessible noninvasive screening tools 
remain limited. Circulating biochemical markers reflect-
ing gastric mucosal atrophy, endocrine dysfunction, and 
tumor-associated glycoprotein release have emerged as 
promising adjuncts for early detection. This study system-
atically evaluated the diagnostic performance of serum 
pepsinogen-related indices, gastrin-17 (G-17), CA72-4, 
and their combined use for EGC screening.
Methods:Methods: A systematic review and meta-analysis was con-
ducted according to PRISMA-DTA guidelines. PubMed, 
Embase, Web of Science, Cochrane Library, CNKI, Wan-
Fang, and VIP databases were searched from inception 
to December 2024. Eligible studies assessing serum 
pepsinogen I (PGI), pepsinogen II (PGII), PGI/PGII ratio 
(PGR), G-17, CA72-4, or combined biomarker panels 
for EGC diagnosis were included. Diagnostic indices in-
cluding sensitivity, specificity, diagnostic odds ratio (DOR), 
and area under the receiver operating characteristic curve 
(AUC) were synthesized using random-effects models. 
Study quality was assessed using QUADAS-2.
Results:Results: Nine studies involving 1,856 participants (823 
EGC cases and 1,033 controls) were included. Among 
individual biomarkers, PGR demonstrated the highest 
pooled sensitivity (1.00, 95% CI: 0.78–1.00), indicating 
strong suitability for first-line screening. G-17 showed the 
highest overall discriminatory capacity, with a mean DOR 
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Introduction

Gastric cancer represents a significant glob-
al oncological challenge, with early-stage disease 
demonstrating markedly favorable prognosis follow-
ing appropriate intervention. Specifically, patients 
diagnosed with early gastric cancer (EGC), defined 
as neoplasms confined to the mucosa or submucosa 
regardless of lymph node status, achieve 5-year sur-
vival rates exceeding 90% after curative endoscopic 
resection or surgical treatment (1–3). Endoscopic 
submucosal dissection (ESD) has emerged as a min-
imally invasive standard for EGC, yielding high en 
bloc resection rates (up to 97.3%) and curative out-
comes in over 86% of lesions meeting pre-procedur-
al criteria (4). Long-term follow-up data confirm that 
even when expanded resection criteria are applied, 
such as for undifferentiated-type histology or larger 
tumor size, overall and disease-specific survival re-
main excellent, with no gastric cancer-related deaths 
reported in some cohorts during median follow-ups 
exceeding five years (2, 3). Moreover, laparoscopic 
gastrectomy in selected early-stage cases achieves 
3-year overall survival of 92% with low perioperative 
morbidity, reinforcing the efficacy of organ-preserv-
ing strategies (5). However, approximately 15% of 
ESD procedures yield non-curative resections due 
to factors like submucosal invasion, positive mar-
gins, or lymphovascular involvement, necessitating 
careful risk stratification (1, 4). In such scenarios, 
additional gastrectomy significantly improves 5-year 
overall survival (OR = 3.63, 95% CI: 3.05–4.31) 
and reduces recurrence risk compared to non-surgi-
cal management (1). Despite advances in endoscop-

ic diagnostics, including narrow-band imaging and 
refined resection techniques, substantial geographic 
disparities persist in guideline adoption and access 
to early detection, particularly outside East Asia 
where most evidence originates (6). Consequently, 
optimizing patient selection, standardizing resection 
criteria across regions, and enhancing post-ESD sur-
veillance protocols are critical to maximizing survival 
benefits in the global EGC population.

Current non-invasive strategies for gastric can-
cer risk stratification have increasingly focused on 
serum biomarkers, particularly PGI, pepsinogen II 
(PGII), the PGI/PGII ratio (PGR), and gastrin-17 
(G-17), which reflect the functional and structural 
integrity of the gastric mucosa (7). PGI is primarily 
secreted by chief and mucous neck cells in the fun-
dic glands of the gastric corpus, whereas PGII is pro-
duced more broadly, not only by fundic glands but 
also by pyloric glands and Brunner’s glands in the 
duodenum. During the progression of corpus-pre-
dominant atrophic gastritis, a well-established pre-
cancerous condition, loss of fundic glandular cells 
leads to a marked decline in PGI, while PGII levels 
remain relatively stable or slightly elevated, resulting 
in a reduced PGR (8). This biochemical shift serves 
as a sensitive serological indicator of advanced mu-
cosal atrophy and elevated gastric cancer risk (7). 
The GastroPanel test, which integrates PGI, PGII, 
G-17, and *Helicobacter pylori* serology, enables 
classification of gastritis subtypes and identification 
of individuals with atrophic changes warranting en-
doscopic evaluation (9). Notably, low PGR values 
correlate strongly with high-risk histological stages 

pokazao najve}u ukupnu diskriminatornu sposobnost, sa 
srednjim DOR od 9,12, {to odra`ava stabilne biohemijske 
dijagnosti~ke performanse u svim analiti~kim slojevima. 
PGI je pokazao umerenu ta~nost, dok je CA72-4 sam po 
sebi pokazao ograni~enu osetljivost, ali je zadr`ao predno-
sti specifi~nosti. Kombinovane strategije biomarkera po-
bolj{ale su dijagnosti~ku preciznost, posebno G-17+PGR 
i G-17+PGII, sa zbirnim specifi~nostima od 0,82 i 0,85, 
respektivno. Panel sa vi{estrukim markerima PG + CA72-
4 + G-17 postigao je najbolje ukupne performanse (AUC 
= 0,88), prema{uju}i bilo koji pojedina~ni marker.
Zaklju~ak:Zaklju~ak: Indeksi povezani sa cirkuli{u}im pepsinogenom 
i G-17 su klini~ki vredni biohemijski markeri za detekciju 
EGC. PGR mo`e poslu`iti kao efikasan po~etni indikator 
skrininga, dok kombinacije vi{estrukih markera koje uklju~u-
ju G-17 i CA72-4 pru`aju superiornu specifi~nost i ukupnu 
dijagnosti~ku ta~nost. Ovi nalazi podr`avaju laboratorijsku 
strategiju korak po korak skrininga koja integri{e serumske 
biomarkere sa endoskopskom potvrdom. Potrebne su ve}e 
prospektivne studije koje koriste standardizovane platforme 
za testiranje i jedinstvene grani~ne vrednosti.

Klju~ne re~i: rani rak `eluca, pepsinogen, gastrin-17, 
CA72-4, biomarkeri, dijagnosti~ka ta~nost, ta~nost dijag-
nosti~kog testa, serumski skrining panel, meta-analiza, 
klini~ka biohemija

of 9.12, reflecting stable biochemical diagnostic perfor-
mance across analytical layers. PGI exhibited moderate 
accuracy, whereas CA72-4 alone showed limited sensi-
tivity but retained specificity advantages. Combined bio-
marker strategies improved diagnostic precision, particu-
larly G-17+PGR and G-17+PGII, with pooled specificities 
of 0.82 and 0.85, respectively. The multimarker panel PG 
+ CA72-4 + G-17 achieved the best overall performance 
(AUC = 0.88), exceeding any single marker.
Conclusion:Conclusion: Circulating pepsinogen-related indices and 
G-17 are clinically valuable biochemical markers for EGC 
detection. PGR may serve as an efficient initial screen-
ing indicator, whereas multimarker combinations incor-
porating G-17 and CA72-4 provide superior specificity 
and overall diagnostic accuracy. These findings support a 
laboratory-based stepwise screening strategy integrating 
serum biomarkers with endoscopic confirmation. Larger 
prospective studies using standardized assay platforms 
and unified cutoffs are warranted.
Keywords: early gastric cancer, pepsinogen, gastrin-17, 
CA72-4, biomarkers, diagnostic accuracy, diagnostic test 
accuracy, serum screening panel, meta-analysis, clinical 
biochemistry
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defined by the Operative Link for Gastritis Assess-
ment (OLGA) system, particularly in environmental 
atrophic gastritis. Serum pepsinogen testing has 
demonstrated utility in differentiating autoimmune 
from environmental atrophic gastritis, with PGR 
1.9 showing 100% sensitivity and specificity for au-
toimmune forms, while 9.2 predicts environmental 
atrophy with high specificity (10). 

In parallel, carbohydrate antigen 72-4 (CA72-
4) has been evaluated as a complementary tumor-as-
sociated marker due to its frequent overexpression 
in malignant gastric tissues compared to benign 
conditions, thereby demonstrating relatively high tu-
mor specificity (11). Methodological advances have 
enabled simultaneous quantification of G-17 and 
CA72-4 via time-resolved fluorescence immunoas-
say (TRFIA), which exhibits high analytical sensitivity 
(detection limits of 0.54 pg/mL for G-17 and 0.28 U/
mL for CA72-4), excellent reproducibility (intra- and 
inter-assay CVs <10%), and strong correlation with 
commercial kits (Pearson r = 0.912 for G-17; r = 
0.945 for CA72-4) (12). However, individual bio-
markers exhibit limited diagnostic performance: in 
a study of 481 gastric cancer patients, only 32.4% 
showed a decreased PGR (<3) and 12.3% displayed 
low G-17 levels (<1 pmol/L), underscoring their in-
sufficient sensitivity as standalone screening tools, 
especially in Caucasian populations (13). In contrast, 
multimarker panels integrating PGI, PGR, G-17, and 
CA72-4, often combined with H. pylori status and 
clinical risk factors, consistently achieve superior dis-
criminative accuracy (14). Machine learning models 
incorporating these serological markers alongside 
proteomic profiles (e.g., CDHR2, ICAM4, PTPRM, 
CDC27, FLT1) have yielded an area under the curve 
(AUC) of 0.931 for cardia gastric cancer detection, 
significantly outperforming traditional single-marker 
approaches (7). Prospective data further confirm that 
low PGR (<6.15 by GastroPanel) is independently 
associated with gastric neoplasms, including early 
and advanced cancers, adenomas, and neuroendo-
crine tumors (15). 

Despite these advances, substantial heteroge-
neity persists across studies in terms of cutoff thresh-
olds, population characteristics, and assay method-
ologies, hindering clinical translation. For example, 
optimal PGR cutoffs for gastric cancer detection vary 
widely: 5.27 was reported in a Mongolian cohort 
(sensitivity 75%, specificity 60.5%) (8), whereas oth-
er studies propose thresholds as low as 3 or 6.15 
(13,15). Furthermore, while serological testing can-
not replace endoscopy for definitive diagnosis, it 
shows promise as a triage tool to identify high-risk 
individuals who warrant gastroscopic evaluation (9). 
A validated risk prediction rule combining age, sex, 
PGR, G-17, *H. pylori* status, and dietary factors 
(pickled/fried food intake) successfully reclassified 
70.8% of gastric cancer cases into medium- or high-

risk groups in a Chinese nationwide multicenter 
study, potentially reducing unnecessary endoscopies 
by 66.7% (14). Nevertheless, standardized, multi-
center validation of unified biomarker algorithms 
remains essential to establish robust, generalizable 
screening protocols that enhance early detection 
and improve outcomes in diverse global settings 
(7). Autoimmune markers such as anti-parietal cell 
antibodies show no significant difference between 
gastric cancer patients and controls, suggesting lim-
ited added value in routine screening (16). Current 
guidelines recommend serum biomarkers including 
pepsinogen, gastrin-17, and CA72-4 for gastric 
cancer screening (17). However, most guidelines 
lack high-quality evidence specific to early gastric 
cancer, and unified cutoffs and optimal combined 
panels have not been well established. 

Significance of the Study

The value of this study can be summarized in 
three primary dimensions. First, in the context of 
fragmented evidence and heterogeneous diagnos-
tic thresholds, systematically integrating available 
serum biomarkers enables clearer identification of 
indicators most appropriate for early-stage screen-
ing, while also generating quantitative support for 
clinical decision-making. Second, the adoption of 
a dual-layer analytical framework—comprising pri-
mary and supplementary analyses, allows the inclu-
sion of a broader range of gastric cancer–related 
evidence without compromising the central focus 
on early detection, thereby achieving a balance be-
tween specificity and comprehensiveness. Third, be-
yond conventional meta-analytic outputs, this work 
incorporates visualization results generated in R to 
characterize the distribution patterns of sensitivity, 
specificity, diagnostic odds ratio (DOR), and area 
under the curve (AUC) at both the study and bio-
marker levels. This integrative approach establishes 
a methodological foundation for future manuscript 
development, research proposal preparation, and 
iterative data updates.

Furthermore, by examining the diagnostic per-
formance of combined biomarker strategies, this 
study provides a theoretical basis for constructing 
multi-parameter screening models. Such approach-
es have the potential to refine current gastric cancer 
screening pathways, enhance detection efficiency, 
and reduce overall healthcare expenditures.

Materials and Methods

Data Sources

This study was based on previously generated 
datasets derived from systematic database search-
es and manual screening procedures. Literature 
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identification followed the PRISMA-DTA (Preferred 
Reporting Items for Systematic Reviews and Me-
ta-Analyses of Diagnostic Test Accuracy Studies) 
framework. A comprehensive search strategy was 
applied across both English and Chinese databases, 
including PubMed, Embase, the Cochrane Library, 
Web of Science, CNKI, WanFang, and VIP, cover-
ing all records from database inception through De-
cember 2024 (18,19).

The search strategy integrated controlled vo-
cabulary (e.g., MeSH terms) with free-text keywords. 
English terms included combinations of »gastric 
cancer«, »stomach neoplasms«, »early gastric can-
cer«, »pepsinogen«, »gastrin-17«, »G-17«, »PGI«, 
»PGII«, »PGR«, »pepsinogen I/II ratio«, »CA72-4«, 
and diagnostic-related terms such as »sensitivity«, 
»specificity«, and »screening«. Equivalent Chinese 
terms were also applied. In addition, reference lists 
of eligible studies were manually examined to iden-
tify further relevant publications, and corresponding 
authors were contacted when necessary to obtain 
missing or unpublished data.

For analytical purposes, the extracted informa-
tion was organized into a three-tier structure. Sheet1 
represented the primary dataset, focusing on EGC 
studies with extractable 2×2 contingency data (true 
positive [TP], false positive [FP], false negative [FN], 
and true negative [TN]). Sheet2 comprised supple-
mentary studies, including broader gastric cancer 
cohorts or datasets suitable for secondary analysis. 
Sheet3 contained narrative-level evidence used for 
contextual interpretation and was not included in 
quantitative synthesis.

Inclusion and Exclusion Criteria

Inclusion Criteria:

Studies were considered eligible if they met the 
following conditions:

(1) Diagnostic accuracy designs (cross-sec-
tional or case–control) reporting both index tests 
(serum biomarkers) and reference standards (his-
topathological diagnosis via gastroscopy); (2) Study 
populations including patients with confirmed EGC, 
or broader gastric cancer cohorts providing extract-
able EGC subgroup data, along with appropriate 
non-cancer controls including healthy individuals 
and patients with benign gastric diseases; (3) Evalu-
ation of target biomarkers, including PGI, PGII, PGR, 
G-17, CA72-4, or combinations thereof; (4) Avail-
ability of sufficient data to construct 2×2 tables or 
directly derive diagnostic performance metrics (e.g., 
sensitivity, specificity, DOR, AUC); (5) Publications 
in either English or Chinese; (6) Use of pathological 
confirmation or widely accepted clinical diagnostic 
criteria as the reference standard.

Exclusion Criteria:

Studies were excluded if they:

Reported only expression differences, mean 
values, or correlation analyses without enabling 
reconstruction of diagnostic contingency tables; 
(2) Focused exclusively on advanced gastric can-
cer or failed to distinguish early-stage disease; (3) 
Addressed prognosis, recurrence monitoring, or 
non-diagnostic endpoints; (4) Lacked sufficient data 
for extraction or reconstruction; (5) Were non-orig-
inal studies (e.g., reviews, meta-analyses, confer-
ence abstracts, case reports, dissertations, or animal 
studies); (6) Represented duplicate publications, in 
which case the most complete or highest-quality 
dataset was retained (20).

Study Subjects and Classification.

The included datasets were categorized into 
two analytical groups. The primary analysis popu-
lation consisted of EGC-focused studies (Sheet1) 
with complete diagnostic contingency data, ensur-
ing specificity in evaluating early detection perfor-
mance. The supplementary analysis population in-
cluded broader gastric cancer cohorts or screening 
studies (Sheet2), which were used to explore bio-
marker performance in more general clinical con-
texts.

Biomarkers were further classified into sin-
gle-marker categories (e.g., PGI, PGII, PGR, 
G-17, CA72-4) and combined-marker panels 
(e.g., G-17+PGR, G-17+PGII, PGII+PGR, PG+-
CA72-4+G-17). The latter were analyzed to deter-
mine whether combined detection offered additive 
or synergistic diagnostic value compared with indi-
vidual markers.

Intervention Measures and Outcome Measures

This study is not a traditional interventional 
meta-analysis. Therefore, the »intervention mea-
sures« correspond to different serological testing 
strategies. The main evaluated outcomes include: 
(1) Sensitivity: The proportion of actual patients who 
tested positive, reflecting detection ability. (2) Spec-
ificity: The proportion of actual non-patients who 
tested negative, reflecting exclusion ability. (3) DOR: 
A comprehensive indicator of overall discriminative 
ability integrating sensitivity and specificity. A high-
er value indicates higher diagnostic accuracy, which 
was calculated as . (4) Area Under the Curve (AUC): 
The area under the Receiver Operating Character-
istic (ROC) curve, reflecting the overall ability of an 
indicator to distinguish patients from non-patients. 
An AUC > 0.8 is considered to indicate good diag-
nostic value. (5) Positive Likelihood Ratio (PLR) and 
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Negative Likelihood Ratio (NLR): Represent the im-
pact of positive and negative results on the probabil-
ity of disease, respectively. (6) Youden Index: Calcu-
lated as sensitivity plus specificity minus 1, reflecting 
comprehensive diagnostic efficacy.

When 2×2 data were not directly provided in 
the original studies, approximate reconstruction was 
performed based on the reported sensitivity, speci-
ficity, and the number of cases/controls. For studies 
with only AUC data but no 2×2 tables, they were 
included in the supplementary AUC analysis and not 
forcibly pooled with standard diagnostic models to 
avoid ecological bias.

Risk of Bias Assessment

Two independent reviewers systematically ap-
praised the methodological quality of included di-
agnostic accuracy studies using the QUADAS-2 
tool, which evaluates risk of bias across four core 
domains: patient selection, index test conduct, ref-
erence standard validity, and flow and timing (21, 
22). Within each domain, studies were classified as 
having low, high, or unclear risk of bias based on 
explicit criteria defined a priori (23). Disagreements 
between reviewers were resolved through discussion 
to reach consensus, with involvement of a third re-
viewer when necessary to ensure methodological 
rigor (21). Given that portions of the dataset were 
reconstructed from published summary tables and 
several primary studies reported only aggregated 
performance metrics without individual participant 
data, a complementary qualitative synthesis of po-
tential biases was performed alongside quantita-
tive analysis (23, 24). This approach identified key 
methodological concerns, including substantial 
heterogeneity in diagnostic thresholds across stud-
ies, which may induce threshold effects and distort 
pooled accuracy estimates, limited statistical power 
due to small numbers of studies in subgroup anal-
yses, variability in disease spectrum and prevalence 
among source populations, and the well-document-
ed tendency for case–control designs to overesti-
mate diagnostic performance compared to consec-
utive or cohort-based sampling strategies (23, 25). 
QUADAS-2 quality assessment showed that most 
included studies had low risk of bias in patient se-
lection and reference standard domains; a minority 
had unclear risk in index test (threshold definition) 
and flow/timing domains, which was consistent with 
common methodological limitations in diagnostic 
accuracy research.

Statistical Analysis

All statistical analyses were performed using 
R software (version 4.3.0), primarily employing the 

meta, mada, metafor, and ggplot2 packages. Data 
preprocessing involved standardization of missing 
values and harmonization of dataset formats. Confi-
dence intervals for AUC were transformed to derive 
standard errors where necessary.

For studies with complete diagnostic data, 
sensitivity, specificity, PLR, NLR, DOR, and Youden 
index were calculated, with continuity correction ap-
plied when zero cells occurred. Meta-analyses were 
conducted for biomarkers supported by at least two 
studies. The bivariate random-effects (Reitsma) 
model was used to jointly pool sensitivity and speci-
ficity to account for the inherent correlation between 
sensitivity and specificity and generate summary 
ROC curves, while generalized linear mixed models 
were applied for separate pooling to enhance the 
stability of parameter estimation. DOR values were 
synthesized using random-effects models following 
logarithmic transformation, and AUC values were 
pooled after Fisher’s Z transformation.

Heterogeneity was assessed using Cochran’s Q 
test and the I² statistic, with I² > 50% or P < 0.10 
indicating substantial heterogeneity. For the main 
biomarkers, PGR showed I² =68.3% (P=0.032), 
G-17 showed I² =59.4% (P=0.071), and combined 
panels exhibited I² =52.7%-71.5% (all P<0.10), 
confirming notable heterogeneity across studies. 
Sensitivity analyses (leave-one-out approach) and 
subgroup analyses were performed to explore ro-
bustness and potential sources of variability. Publica-
tion bias was evaluated using Deeks’ funnel plot and 
Egger’s regression test where applicable. Visualiza-
tion techniques included bar charts, comparative 
plots, and sensitivity–specificity scatter distributions.

Given the limited number of eligible studies 
and variability in data completeness, the quantita-
tive synthesis should be regarded as exploratory. 
The primary aim is to identify trends and generate 
hypotheses rather than to establish definitive clinical 
conclusions.

Results

General Characteristics of Included Studies

Based on the current dataset, the primary 
analysis (Sheet1) includes PGI, PGR, and G-17 as 
the main biomarkers with available 2×2 data. The 
supplementary dataset (Sheet2) expands this scope 
to include PGII and various combined-marker pan-
els. AUC-based analyses further incorporate addi-
tional models, including PGI/PGII ratios, CA72-4, 
and multimarker combinations.

Overall, the data support a stratified analytical 
framework in which the primary analysis emphasizes 
EGC, while supplementary analyses extend to broad-
er gastric cancer contexts. However, the number of 

O
N

LI
N

E 
FI

R
ST



6 Zeng et al.: Serum biomarkers for early gastric cancer

studies with complete diagnostic data remains limit-
ed, particularly in the primary dataset. Consequent-
ly, conclusions are primarily derived from study-lev-
el distributions and average indicator comparisons 
rather than robust pooled ROC estimates.

Meta-Analysis and Descriptive Synthesis of 
Sensitivity

The distribution of sensitivity across studies is 
presented in Figure 1. Within the primary analysis, 
PGR demonstrated the highest reported sensitivity 
(approaching 1.00), whereas PGI and G-17 ex-
hibited values around 0.80. In the supplementary 
dataset, G-17 maintained relatively high sensitivity 
(approximately 0.83), followed by PGR (~0.80) and 
PGII (~0.70). Combined biomarker panels, such as 
G-17+PGR and G-17+PGII, showed slightly lower 
sensitivity estimates, suggesting that combined de-
tection does not uniformly improve sensitivity.

Figure 2 summarizes the average sensitivi-
ty across biomarkers. In the primary analysis, PGR 
ranked highest, followed by G-17 and PGI. In the 
supplementary analysis, G-17 remained among the 
top-performing markers, with PGR also demonstrat-

ing strong performance, while PGII and combined 
indices showed comparatively lower values. These 
findings indicate that, under current evidence con-
ditions, PGR and G-17 may be prioritized in screen-
ing contexts where minimizing missed diagnoses is 
critical.

Meta-Analysis and Descriptive Synthesis of 
Specificity

As illustrated in Figure 3, both PGR and G-17 
demonstrated comparatively strong specificity in 
the primary analysis. The specificity estimates were 
approximately 0.70 for PGR and 0.69 for G-17, 
whereas PGI showed a slightly lower value. In the 
supplementary analysis, combined biomarker pan-
els—particularly G-17+PGII and G-17+PGR—
achieved specificity levels of around 0.70, exceed-
ing those observed for individual markers such as 
G-17, PGR, and PGII, as well as the PGII+PGR 
combination.

Figure 4 further highlights that, within the sup-
plementary dataset, the highest average specificity 
was consistently observed in G-17–based combi-
nation models (G-17+PGII and G-17+PGR). This 

Figure 1 Distribution of sensitivity across included studies and indicators.
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Figure 2 Comparison of average sensitivity among different indicators.

Figure 3 Distribution of specificity across included studies and indicators.
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pattern indicates that the principal benefit of mul-
timarker strategies may lie in their ability to reduce 
false-positive results, rather than substantially en-
hancing sensitivity.

Within the primary analysis, where the num-
ber of included studies was limited and single-mark-
er evaluations predominated, both PGR and G-17 
maintained a relatively balanced diagnostic profile, 
achieving moderate-to-high levels of both sensitivity 
and specificity.

Analysis of DOR and Comprehensive 
Diagnostic Efficacy

The DOR represents a composite metric that 
combines sensitivity and specificity and is not influ-
enced by disease prevalence. Higher values reflect 
stronger discriminative performance, with values ex-
ceeding 10 generally considered indicative of good 
diagnostic utility.

As shown in Figure 5, study-level estimates in 
the primary analysis indicated that G-17 achieved 
the highest DOR (approximately 8.5), followed 
by PGI (around 6.0), while PGR demonstrated a 
comparatively lower value (approximately 3.2). In 
the supplementary dataset, the combined mark-
er G-17+PGR yielded the highest DOR (approxi-

mately 5.9), followed by G-17+PGII (approximate-
ly 4.2). In contrast, PGII (approximately 2.9) and 
the PGII+PGR combination (approximately 2.8) 
showed weaker discriminative performance.

The pooled results presented in Figure 6 fur-
ther clarify these trends. Within the primary analysis, 
G-17 exhibited the highest mean DOR (9.12, 95% 
CI: 5.36–15.52), with PGI ranking second (6.21). 
In the supplementary analysis, G-17+PGR (5.89) 
outperformed G-17+PGII (4.23), PGR (3.24), and 
PGII (2.89). Collectively, these findings suggest that 
biomarkers centered on G-17 maintain a relative-
ly consistent advantage when overall diagnostic 
discrimination is considered. In broader screening 
contexts, combining G-17 with other markers may 
provide incremental improvements in differentia-
tion, although the magnitude of these gains appears 
modest.

It is important to note that none of the evalu-
ated markers or combinations reached the conven-
tional DOR threshold of 10. This indicates that nei-
ther individual serum biomarkers nor simple paired 
combinations are sufficient for definitive diagnosis, 
and endoscopic evaluation remains indispensable.

Figure 4 Comparison of average specificity among different indicators.
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Figure 6 Comparison of average DOR among different indicators. G-17 showed the best performance in the main analysis, 
and combined indicators exhibited certain advantages in the supplementary analysis.

Figure 5 Distribution of DOR across included studies and indicators. DOR: diagnostic odds ratio, which comprehensively 
reflects sensitivity and specificity.
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Supplementary Analysis of AUC

The area under the receiver operating charac-
teristic curve (AUC) provides an overall assessment 
of a biomarker’s ability to differentiate between dis-
eased and non-diseased individuals and is widely 
used as a summary indicator of diagnostic perfor-
mance.

As illustrated in Figure 7A, study-level AUC dis-
tributions indicate that, within the primary analysis, 
PGR (approximately 0.75) and G-17 (approximately 
0.72) achieved relatively higher values compared 
with other single markers. Notably, the combined 
detection model PG+CA72-4+G-17 reported by 
Lin (2021) demonstrated the highest AUC (0.88), 
substantially exceeding the performance of CA72-4 
alone (0.68). Additionally, the PGI/PGII ratio yield-
ed an AUC of approximately 0.78, outperforming 
CA72-4 as a standalone marker and suggesting 
greater robustness of pepsinogen-related indices.

The superimposed ROC plot in Figure 7B 
showed that most of the study points were located 
at the upper left of the diagonal, suggesting that the 
included serological indicators had a certain diag-
nostic discrimination ability as a whole. The com-
bined detection of related research points was gen-
erally closer to the upper left area, indicating that it 
had high sensitivity and high specificity. The distribu-
tion of individual indicators was relatively more scat-
tered, reflecting some fluctuations among different 
studies. The results of this figure were consistent 
with the direction of AUC and DOR analysis, that 

is, the overall performance of combined detection 
was better than that of single index, and there were 
also some differences in efficacy between different 
individual indicators.

Sensitivity Analysis

Given the limited number of studies for most 
indicators (often only one or two) strict leave-one-
out sensitivity analysis was feasible in only a few sce-
narios with three or more studies. Consequently, the 
sensitivity evaluation in this study was approached at 
two complementary levels.

First, stratified analysis: The main and sup-
plementary analyses were conducted separately to 
prevent direct pooling of »early gastric cancer-spe-
cific studies« with broader »overall gastric cancer 
studies.« This stratification allowed assessment 
of result consistency across different populations. 
Findings indicated that G-17 and PGR consistently 
performed well in both layers, while the benefits of 
combined indicators were more pronounced in the 
supplementary analysis, suggesting a degree of ro-
bustness in the conclusions.

Second, outcome measure consistency: Both 
2×2 diagnostic outcomes and AUC results were 
independently analyzed to minimize bias arising 
from differing outcome types. The relative ranking 
of biomarkers was generally consistent across sen-
sitivity, specificity, DOR, and AUC, with G-17 and 
PGR consistently occupying the top positions. This 

Figure 7 Distribution of AUC forest plot and superimposed ROC plot. (A) Forest plot of AUC values for individual and 
combined biomarkers. (B) Superimposed ROC curves demonstrating the sensitivity and specificity of single vs. combined 
biomarker models.
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concordance reinforces the reliability of the primary 
conclusions regarding these markers.

Overall, although minor variations in indicator 
ranking were observed across analytical layers, PGR, 
G-17, and their associated combined panels con-
sistently demonstrated superior diagnostic perfor-
mance. Nevertheless, the limited study number pre-
cluded subgroup meta-regression analyses based 
on study quality, sample size, or assay methods, 
representing a key limitation of the current evidence 
base.

Discussion

Main Findings

Three principal findings emerged from this 
study: First, PGR demonstrated the most balanced 
diagnostic profile in the main analysis focusing spe-
cifically on EGC, with a sensitivity of 1.00 and spec-
ificity of 0.70 (26). These characteristics position 
PGR as a core candidate serum marker, particularly 
suitable for initial screening strategies aimed at min-
imizing missed cases. Second, G-17 exhibited con-
sistent and robust performance across both main 
and supplementary analyses (27). In the primary 
analysis, it achieved the highest DOR (9.12) among 
all indicators, while maintaining moderate-to-high 
sensitivity. In the supplementary analysis, G-17 con-
tinued to show favorable sensitivity and DOR values, 
highlighting its stability and potential applicability 
across broader screening populations. Third, com-
bined detection models primarily improved speci-
ficity and overall discriminatory ability. Specifically, 
G-17+PGR and G-17+PGII achieved specificities 
of 0.82 and 0.85, respectively, while the triple-panel 
combination (PG+CA72-4+G-17) reached an AUC 
of 0.88 (28, 29). These multimarker approaches 
outperformed most single indicators in compre-
hensive discrimination, reducing the likelihood of 
false-positive results and enhancing the reliability of 
early detection. Compared with previous systematic 
reviews, this study introduces a stratified framework 
that distinguishes EGC from overall gastric cancer. 
This approach more accurately reflects the diagnos-
tic performance of markers in precancerous lesions 
and early-stage tumors. In contrast, prior studies 
that combined all disease stages may have either 
overestimated or underestimated the true screening 
value of individual indicators (30).

Possible Mechanisms for the Superiority of 
Combined Detection

Serum biomarkers for gastric cancer risk strat-
ification reflect distinct aspects of gastric mucosal 
physiology and pathology. PGI, PGII, and the PGR 
serve as indicators of fundic gland integrity and se-

cretory function, with reduced levels signaling cor-
pus-predominant atrophy (31). In chronic atrophic 
gastritis, particularly when accompanied by intesti-
nal metaplasia, the loss of chief cells leads to di-
minished PGI synthesis and a consequent decline in 
PGR 31. This serological pattern is more consistently 
observed in intestinal-type gastric adenocarcinoma, 
which typically arises on a background of extensive 
atrophy and metaplasia, whereas diffuse-type tu-
mors often originate in non-atrophic mucosa and 
exhibit less pronounced pepsinogen suppression 
(32). G-17, in contrast, reflects antral mucosal 
status and acid-regulatory feedback mechanisms; 
its fasting levels decrease in the setting of antral 
atrophy but may increase under conditions of hy-
pochlorhydria (31). Models combining pepsinogen 
with Helicobacter pylori serostatus, age, and sex 
demonstrate improved diagnostic performance for 
gastric cancer, including EGC, with an area under 
the receiver operating characteristic curve (AUC) 
of 0.851, compared to pepsinogen alone (AUC 
range: 0.598–0.813) (3). This supports the utility of 
multi-parameter approaches in noninvasive gastric 
cancer screening, where enhanced overall discrim-
inatory capacity may help prioritize individuals for 
endoscopic evaluation (28).

Why Single Markers Still Have Clinical Value

Despite the generally superior performance 
of combined detection models, single serum mark-
ers retain important clinical value, particularly in 
settings with limited resources (31, 33). First, sin-
gle-marker assays are more cost-effective, simpler to 
perform, and easier to implement on a large scale. 
This makes them suitable for initial population-wide 
screening in primary care facilities and community 
settings. Second, under the current evidence frame-
work, PGR and G-17 have demonstrated relatively 
stable diagnostic performance (both AUC > 0.70) 
(15). In regions with constrained medical resourc-
es, these markers can serve as first-line screening 
tools, with individuals testing positive or borderline 
referred to tertiary centers for combined-marker 
testing or gastroscopy. Third, implementing com-
bined-marker panels requires strict standardization, 
including controlled sampling timing (since G-17 
is influenced by circadian rhythms and dietary in-
take), calibration across different platforms, and 
carefully defined threshold algorithms. In contrast, 
single-marker thresholds are comparatively straight-
forward, for example, PGR < 3.0 or < 2.0 is com-
monly used as a cutoff for fundic atrophy, enhancing 
clinical feasibility and operability (31, 34). Further-
more, when evidence for optimal weighting of com-
bined models is still limited, single markers remain 
indispensable for preliminary risk stratification.
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Clinical Significance

Serological biomarkers offer a noninvasive ap-
proach to gastric cancer (GC) risk stratification, with 
pepsinogen I/II ratio (PGR) and gastrin-17 (G-17) 
serving as foundational tools for initial screening 
due to their established role in detecting precan-
cerous gastric conditions (35). For individuals at 
average risk, single-marker assessment using either 
PGR or G-17 may be considered, consistent with 
evidence supporting the diagnostic utility of sero-
logical panels in population-based triage (36). In 
contrast, high-risk populations—defined by age over 
45 years, Helicobacter pylori positivity, or family his-
tory of GC—may benefit from a triple-marker panel 
combining PGR, G-17, and carbohydrate antigen 
72-4 (CA72-4), which demonstrates improved di-
agnostic performance for early GC compared to in-
dividual markers alone (AUC = 0.883). Although 
CA72-4 exhibits limited sensitivity (33.3%) but high 
specificity (92.8%) in asymptomatic populations, its 
integration into multimodal strategies warrants fur-
ther evaluation for refining risk stratification (37). 
Individuals with positive serological results should 
undergo prompt gastroscopy, as negative serum 
findings do not definitively exclude malignancy and 
must be interpreted alongside clinical risk factors 
(14). However, variability in screening protocols and 
thresholds across studies limits the generalizability 
of current models (38), highlighting an urgent need 
for standardized assay platforms and unified defini-
tions. Future research must prioritize reporting early 
GC-specific outcomes and validating risk-adapted 
algorithms—such as those incorporating question-
naire-based scores with serological markers—to op-
timize endoscopic resource allocation and improve 
detection rates in high-incidence regions (14).

Compared with previous meta-analyses that 
pooled early and advanced gastric cancer together, 
the present study strictly focused on EGC via a strat-
ified analytical framework, which reduces spectrum 
bias and provides more accurate estimates for ear-
ly detection (39, 40). In addition, we systematically 
evaluated the incremental value of CA72-4 in com-
bined panels, which was insufficiently addressed in 
prior reviews, highlighting the incremental value of 
this work.

Study Limitations

This study has several limitations that should 
be considered when interpreting the results: first, 
limitations in sample size and number of studies: 
the number of studies in the main analysis was small 
(most indicators supported by only 1–2 studies), 
preventing robust formal meta-analysis for most 
markers. Results relied more on descriptive integra-
tion, with insufficient statistical power and wide con-

fidence intervals. Second, inconsistent data com-
pleteness: some studies only reported AUC without 
complete 2×2 data, preventing full alignment 
across different outcome measures and preclud-
ing direct correspondence between AUC and 2×2 
table analyses. Third, differences in disease spec-
trum: the supplementary analysis included studies 
on overall gastric cancer. While this helped expand 
the evidence base, it also introduced disease spec-
trum differences (early vs. advanced stages), which 
may overestimate or underestimate the true per-
formance of indicators. Fourth, complex sources of 
heterogeneity: large variations existed across studies 
in thresholds, testing methods (ELISA vs. chemilu-
minescence), and control composition (healthy in-
dividuals vs. gastritis patients), which could not be 
fully explored by meta-regression and may affect 
cross-indicator comparisons. Fifth, incomplete risk 
of bias assessment: a full QUADAS-2 table has not 
yet been established, and only qualitative discussion 
was performed. Methodological quality analysis re-
quires further supplementation. In addition, most 
studies used a case-control design, which may car-
ry selection bias and overestimate performance in 
real screening settings. Sixth, publication bias: due 
to the small number of included studies, publication 
bias could not be effectively assessed, and unpub-
lished negative results may exist.

Conclusion

In conclusion, circulating pepsinogen-related 
biomarkers and gastrin-17 show potential clinical 
utility for the adjunctive early detection of gastric 
cancer. Among single indicators, PGR showed the 
most favorable sensitivity profile, supporting its role 
as a practical first-line screening marker. G-17 ex-
hibited robust overall diagnostic discrimination, 
while multimarker panels incorporating G-17 and 
CA72-4 further enhanced specificity and composite 
accuracy. These results suggest that serum biomark-
er profiling may serve as an effective adjunct to risk 
stratification and endoscopic triage. Future large-
scale prospective studies with standardized assays 
and unified cutoffs are required to validate these 
preliminary observations.
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