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Abstract

Aims/Background: Gastric cancer remains a leading cause of cancer-related mortality worldwide. Helicobacter pylori (Hp) infection is
a major risk factor, but the diagnostic performance of serum biomarkers may vary according to Hp infection status. This study aimed to
evaluate the diagnostic value of serum human epididymis protein 4 (HE4), trefoil factor 3 (TFF3), and carbohydrate antigen 72-4 (CA72-
4), individually and in combination, for gastric cancer stratified by Hp infection status using a propensity score-matched retrospective
case-control design. Methods: This retrospective study was conducted at Jinshazhou Hospital of Guangzhou University of Chinese
Medicine, from January 2022 to December 2025. Propensity score matching (1:1 nearest neighbor matching, caliper 0.1) was performed
to balance age, sex, body mass index (BMI), smoking history, alcohol consumption history, chronic kidney disease, chronic liver disease,
and Hp infection status between groups. After matching, 268 gastric cancer patients and 268 healthy controls were included. Serum
levels of HE4, TFF3, and CA72-4 were measured. Between-group comparisons of each marker, stratified by Hp status, were performed.
Logistic regression was used to construct combined diagnostic models, and receiver operating characteristic (ROC) curve analysis was
performed to evaluate the area under the curve (AUC). Results: After matching, all covariates achieved good balance with standardized
mean differences <0.1. In the total population, serum levels of HE4, TFF3, and CA72-4 were significantly higher in the gastric cancer
group than in the control group (all p < 0.001). Multivariate logistic regression identified all three markers as independent risk factors for
gastric cancer (HE4: odds ratio [OR] = 1.05, 95% confidence interval [CI]: 1.03—1.06; TFF3: OR = 1.19, 95% CI: 1.13—1.26; CA72-4:
OR = 1.46, 95% CI: 1.34-1.62; all p < 0.001). The combined model yielded an AUC of 0.899 (0.872-0.925) in the total population,
significantly superior to any single marker (all p <0.001). After stratification by Hp status, the AUC of TFF3 was significantly higher in
Hp-positive individuals than in Hp-negative individuals (p <0.001); no significant differences were observed for HE4 or CA72-4 between
the two strata (p > 0.05). Conclusion: The diagnostic value of serum HE4, TFF3, and CA72-4 for gastric cancer varies according to
Hp infection status. In Hp-positive patients, TFF3 demonstrates significantly higher diagnostic performance compared with Hp-negative
individuals. HE4 and CA72-4 demonstrate stable performance across Hp strata, with no statistically significant differences observed.
The combined detection of these biomarkers demonstrates favorable diagnostic performance regardless of Hp status. These findings
suggest that Hp status-stratified testing provides an auxiliary strategy for optimizing differential diagnosis of gastric cancer.
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1. Introduction early screening and diagnostic strategies is crucial for im-

proving survival outcomes in gastric cancer patients.
Gastric cancer is one of the most common malignan-

cies worldwide, with persistently high incidence and mor-
tality rates. According to the 2020 global cancer statistics,
there were over 1 million new cases of gastric cancer an-
nually and approximately 769,000 deaths, ranking it the
fifth most common cancer and the fourth leading cause of
cancer-related death globally [1,2]. A recently published
global burden study projected that among the 2008-2017
birth cohorts, 76% of the estimated 15.6 million lifetime
gastric cancer cases could be attributed to Helicobacter py-
lori infection [3]. Despite advances in diagnostic and ther-
apeutic techniques, the insidious onset of early-stage dis-
ease means that most patients are diagnosed at advanced
stages, leading to a poor overall prognosis with 5-year sur-
vival rates below 30% [4]. Therefore, exploring effective

Currently, gastroscopy combined with pathological
biopsy remains the “gold standard” for gastric cancer di-
agnosis; however, its invasiveness, high cost, and limited
acceptance restrict its application in large-scale population
screening [5,6]. Serum tumor marker testing offers advan-
tages, including non-invasiveness, simplicity, and good re-
producibility, making it a potential auxiliary screening tool.
However, commonly used clinical markers such as carci-
noembryonic antigen (CEA) and carbohydrate antigen 19-
9 (CA19-9) demonstrate suboptimal sensitivity and speci-
ficity for early gastric cancer [7]. Therefore, identifying
and validating novel, efficient serum markers or combina-
torial models represents an important direction in early gas-
tric cancer diagnosis research.
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Classified as a Group I carcinogen by the Interna-
tional Agency for Research on Cancer, Helicobacter pylori
(Hp) infection is the predominant risk factor for gastric can-
cer. Hp infection promotes gastric carcinogenesis by induc-
ing chronic inflammation, gastric mucosal atrophy, intesti-
nal metaplasia, and other precancerous lesions in a process
known as Correa’s cascade [8,9,10,11]. Notably, the popu-
lation attributable fraction of Hp for non-cardia gastric can-
cer is as high as 71.2% in East Asia [10], and chronic at-
rophic gastritis with intestinal metaplasia represents a crit-
ical precancerous stage [11]. Furthermore, Hp infection it-
self may affect baseline levels of certain serum markers. A
study has shown that Hp infection significantly upregulates
the expression of pro-inflammatory factors such as inter-
leukin (IL)-6 and IL-8 in the gastric mucosa [12], which in
turn can regulate the synthesis of various acute-phase pro-
teins. Additionally, intestinal metaplasia induced by Hp
infection is closely associated with the expression of tre-
foil factor family proteins [13]. A recently published re-
view systematically summarizes the application progress
of Hp-related serum indicators in gastric cancer screening,
emphasizing that Hp infection status is an important modi-
fying factor affecting the diagnostic performance of serum
markers [8]. These mechanistic insights suggest that Hp in-
fection status may serve as an important effect modifier in
serum marker-based gastric cancer diagnosis, yet this factor
has not received adequate attention in current research.

In recent years, several novel serum protein mark-
ers have gained attention for their diagnostic value in gas-
tric cancer. Human epididymis protein 4 (HE4), initially
widely studied as an ovarian cancer marker, has subse-
quently been found to be significantly elevated in the serum
of gastric cancer patients, potentially associated with tumor
invasion and metastasis [14,15]. A recent study confirmed
that HE4 expression intensity is significantly correlated
with 5-year survival in gastric cancer patients, suggesting
its role as a prognostic marker [15]. A previous in vitro
study demonstrated that Hp infection may upregulate acute-
phase protein expression through IL-6—dependent path-
ways; for instance, inter-alpha-trypsin inhibitor heavy chain
H4 (ITIH4) has been confirmed to be regulated through
this mechanism [16], suggesting that HE4 expression may
similarly be influenced by Hp-mediated inflammatory re-
sponses. Trefoil factor 3 (TFF3) is a small-molecule pro-
tein primarily expressed in gastrointestinal mucosa, play-
ing a role in mucosal protection and repair. Research has
confirmed that Hp infection directly induces 7FF'3 messen-
ger RNA (mRNA) expression in gastric epithelial cells [13],
and TFF3 levels are elevated in patients with chronic at-
rophic gastritis, with its diagnostic value varying according
to Hp infection status [17,18]. A study in a high-risk pop-
ulation further demonstrated that serum TFF3 can serve as
a non-invasive biomarker for gastric cancer [18]. Carbo-
hydrate antigen 72-4 (CA72-4) is a classic gastric cancer-
associated marker used in recurrence monitoring; however,

its utility for early diagnosis is limited when used alone
[19]. Notably, a multicenter study encompassing 7757
healthy adults demonstrated that Hp infection was signifi-
cantly associated with elevated serum CA72-4 levels (odds
ratio [OR] = 1.44), and pathological conditions such as at-
rophic gastritis also led to CA72-4 elevation [20]. These
findings indicate that even this traditional marker may be
influenced by Hp infection status and associated precancer-
ous lesions.

Individual detection of these markers is limited
by suboptimal performance, whereas combining multiple
markers to construct predictive models may enhance diag-
nostic efficacy through complementary effects [21]. Multi-
variate analytical approaches have been advocated for inte-
grating multiple biomarkers and clinical factors to improve
gastric cancer risk assessment [21]. However, no studies
to date have systematically evaluated the diagnostic value
of serum HE4, TFF3, and CA72-4 alone and in combi-
nation for gastric cancer stratified by Hp infection status.
Given that Hp infection may differentially affect the expres-
sion levels of these markers through various mechanisms,
their diagnostic performance may vary across different Hp
infection status. Thus, clarifying their diagnostic perfor-
mance represents the first step toward optimizing gastric
cancer screening strategies and customizing testing proto-
cols based on Hp stratification.

Therefore, this study aims to evaluate the diagnostic
value of serum HE4, TFF3, and CA72-4 alone and in com-
bination for gastric cancer stratified by Hp infection sta-
tus using a propensity score-matched case-control design,
compare differences in diagnostic performance across Hp
status, and investigate the incremental value of combined
detection, thereby providing new theoretical evidence and
clinical reference for early gastric cancer screening and in-
dividualized risk assessment.

2. Methods
2.1 Study Population

This was a single-center retrospective study conducted
at Jinshazhou Hospital of Guangzhou University of Chi-
nese Medicine. Data were retrieved from the hospital’s
de-identified electronic medical records and physical exam-
ination center database during routine clinical practice from
January 2022 to December 2025.

Inclusion criteria of this study were as follows: (1)
confirmed primary gastric adenocarcinoma by gastroscopic
biopsy or surgical pathology; and (2) initial diagnosis with
no prior anti-tumor therapy (radiotherapy, chemotherapy,
targeted therapy, or immunotherapy).

Exclusion criteria included: (1) presence of other ma-
lignancies; (2) severe infection, autoimmune disease, or
hepatic/renal dysfunction; (3) use of antibiotics, proton
pump inhibitors, or bismuth agents within the past month
(which may affect Hp testing accuracy); and (4) incomplete
clinical data.
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Individuals who underwent routine health checkups at
the same hospital during the same period and had no prior
history of any malignancy (especially no history of any
gastrointestinal malignancy) were selected as the control
group. Exclusion criteria for the control group included:
(1) a history of gastric cancer or confirmed gastric cancer
by examination; (2) a history of major gastrointestinal dis-
eases (e.g., chronic atrophic gastritis, intestinal metaplasia);
(3) severe infection, autoimmune disease, or hepatic/renal
dysfunction; (4) use of antibiotics, proton pump inhibitors,
or bismuth agents within the past month; and (5) incomplete
clinical data.

2.2 Propensity Score Matching

To control for confounding bias, propensity score
matching was performed to match cases and controls at a
1:1 ratio. Gastric cancer status was used as the dependent
variable, with age, sex, body mass index (BMI), smoking
history, alcohol consumption history, chronic kidney dis-
ease (CKD), chronic liver disease (CLD), and Hp infection
status included as covariates in a logistic regression model
to calculate propensity scores. Nearest neighbor matching
was employed with a caliper width of 0.1, without replace-
ment. After matching, covariate balance was assessed us-
ing standardized mean differences (SMD), with SMD <0.1
considered indicative of good between-group balance.

2.3 Data Collection and Definitions

Demographic and clinical data were retrospectively
collected for all study subjects, including age, sex, body
mass index (BMI), smoking history, alcohol consumption
history, chronic kidney disease (CKD), chronic liver dis-
ease (CLD), and Hp infection status. For gastric can-
cer patients, additional tumor-related pathological informa-
tion was collected, including tumor location, tumor—node—
metastasis (TNM) stage (according to the American Joint
Committee on Cancer [AJCC] 8th edition), histological
differentiation grade, and Lauren classification for disease
characterization. Peripheral venous blood samples were
collected from all subjects prior to gastroscopy (for gas-
tric cancer patients and control subjects who underwent the
examination) or any anti-cancer therapy (for gastric can-
cer patients). For control subjects who did not undergo
gastroscopy, samples were collected during their routine
health checkup. Serum was separated and stored under
standardized conditions. Enzyme-linked immunosorbent
assay (ELISA) was employed for the measurements of HE4
(Human HE4 ELISA Kit, catalog No. EH4092, FineTest,
Wuhan, China) and TFF3 (Human TFF3 ELISA Kit, cat-
alog No. EH1378, FineTest, Wuhan, China) according to
the manufacturer's instructions. CA72-4 was measured us-
ing electrochemiluminescence immunoassay (Roche Cobas
e601, Roche Diagnostics, Mannheim, Germany). Hp infec-
tion status was determined by '*C/'*C urea breath test (pos-
itive defined as delta over baseline [DOB] =4.0) or serum
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Hp antibody testing using ELISA for Helicobacter pylori
immunoglobulin G (Hp-IgG), with positivity/negativity de-
termined according to kit instructions.

2.4 Statistical Analysis

Statistical analyses were performed using R version
4.5.2 (R Foundation for Statistical Computing, Vienna,
Austria). Continuous variables were first tested for nor-
mality using the Kolmogorov—Smirnov test; normally dis-
tributed variables were expressed as mean + standard de-
viation, while non-normally distributed variables were ex-
pressed as median (interquartile range). Categorical vari-
ables were presented as counts (percentages). Between-
group comparisons were performed using z-tests (for nor-
mally distributed continuous variables), Mann—Whitney U
tests (for non-normally distributed continuous variables), or
y? tests/Fisher’s exact tests (for categorical variables).

Study subjects were stratified according to Hp infec-
tion status into Hp-positive and Hp-negative strata. Within
each stratum, marker levels were compared between the
gastric cancer group and the control group.

Multivariate logistic regression analysis was per-
formed to examine associations between serum markers
and gastric cancer, with odds ratios (ORs) and 95% confi-
dence intervals (CIs) calculated. Multicollinearity was as-
sessed using the variance inflation factor (VIF). Receiver
operating characteristic (ROC) curves were plotted for each
marker, and area under the curve (AUC) values and their
95% Cls were calculated. Optimal cut-off values were de-
termined using the Youden index at the optimal cut-off.
Sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were calculated. De-
Long’s test was used to compare AUC differences between
different markers or across strata. Combined diagnostic
models were constructed using predicted probabilities from
multivariate logistic regression, with models developed for
the total population and each Hp stratum; combined AUC
values were calculated and compared with those of single
markers. Statistical significance was set at p < 0.05.

3. Results
3.1 Propensity Score Matching Outcomes

Initially, 357 gastric cancer patients and 3280 healthy
controls were identified. After applying inclusion and ex-
clusion criteria, 272 gastric cancer cases and 2000 con-
trols were deemed eligible for analysis. Through propensity
score matching, 268 gastric cancer patients were success-
fully matched with 268 healthy controls, yielding a final an-
alytical sample of 536 subjects. Before matching, notable
imbalances in smoking history, CKD, and Hp infection sta-
tus were observed between the gastric cancer and control
groups (SMD >0.1); after matching, all covariates achieved
SMD <0.1, indicating good between-group balance (Table

D).
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Table 1. Comparison of baseline characteristics between groups before and after matching.

Variable Before matching After matching

Gastric cancer group (n = 272) Control group (n=2000) p  SMD Gastric cancer group (n =268) Control group (n=268) p SMD

Age (years), mean = SD 57.86 £12.00 58.52+£10.96 0.360 0.057 57.86+12.02 56.96 £ 11.11 0.369 0.078
Male, n (%) 172 (63.2) 1239 (62.0) 0.731 0.027 171 (63.8) 171 (63.8) 1 <0.001
BMI (kg/m?), mean + SD 23.05 +3.00 23.23+2.93 0.347 0.060 23.07 +3.00 23.05+2.93 0.933  0.007
Smoking history, n (%) 138 (50.7) 669 (33.5) <0.001 0.356 134 (50.0) 135 (50.4) 1 0.007
Alcohol consumption history, n (%) 71 (26.1) 497 (24.9) 0.709 0.029 70 (26.1) 70 (26.1) 1 <0.001
CKD, n (%) 24 (8.8) 58(2.9) <0.001 0.254 20(7.5) 24 (9.0) 0.637 0.054
CLD, n (%) 10 (3.7) 44 (2.2) 0.198 0.088 9(3.4) 9(3.4) 1 <0.001
Hp-positive, n (%) 173 (63.6) 796 (39.8) <0.001 0.49 169 (63.1) 162 (60.4) 0.594 0.054

Abbreviations: BMI, body mass index; CKD, chronic kidney disease; CLD, chronic liver disease; Hp, Helicobacter pylori; SMD, standardized mean differences; SD, standard deviation.
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3.2 Clinicopathological Characteristics of the Gastric
Cancer Group

The clinicopathological characteristics of the 268
matched gastric cancer patients are presented in Table 2.
Non-cardia tumors predominated (78.4%), the intestinal
type was the most common Lauren classification (52.6%),
and TNM stage III accounted for the largest proportion
(42.5%). Regarding differentiation, poorly differentiated
tumors accounted for the largest proportion (44.8%), fol-
lowed by moderately differentiated tumors (41.0%), and
well-differentiated tumors were the least common (14.2%).

Table 2. Clinicopathological characteristics of the gastric
cancer group.

Variable Number Percentage (%)
Tumor location
Cardia 58 21.6
Non-cardia 210 78.4
Lauren classification
Intestinal type 141 52.6
Diffuse type 88 32.8
Mixed type 39 14.6
Differentiation grade
Well-differentiated 38 14.2
Moderately differentiated 110 41.0
Poorly differentiated 120 44.8
TNM stage
Stage 1 45 16.8
Stage 11 67 25.0
Stage 111 114 42.5
Stage IV 42 15.7

Abbreviation: TNM, tumor—-node—metastasis.

3.3 Comparison of Serum Marker Levels

In the total population, serum levels of HE4, TFF3,
and CA72-4 were significantly higher in the gastric cancer
group than in the control group (all p < 0.001). In the Hp-
positive subgroup, all three markers were significantly ele-
vated in the gastric cancer group compared with the control
group (all p < 0.001). In the Hp-negative subgroup, HE4
and CA72-4 were significantly higher in the gastric cancer
group (p <0.001), and TFF3 also showed a statistically sig-
nificant between-group difference (p = 0.003), though the
magnitude of difference was smaller (Table 3).

3.4 Logistic Regression Analysis

Multicollinearity diagnostics showed no significant
correlation among the three markers (all VIF <5). When
all three markers were included simultaneously in a mul-
tivariate logistic regression model, HE4 (OR = 1.05, 95%
CI: 1.03-1.06), TFF3 (OR =1.19, 95% CI: 1.13-1.26), and
CA72-4 (OR = 1.46, 95% CI: 1.34-1.62) remained inde-
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pendent risk factors for gastric cancer after adjustment (all
p <0.001) (Table 4).

3.5 Diagnostic Performance of Single and Combined
Markers

In the total population, the AUC values for HE4,
TFF3, and CA72-4 in diagnosing gastric cancer were 0.780
(0.740-0.820), 0.714 (0.671-0.758), and 0.782 (0.743—
0.822), respectively. The combined model yielded an AUC
of 0.899 (0.872-0.925), demonstrating significantly supe-
rior diagnostic performance compared with any individual
marker (all p <0.001).

After stratification by Hp status, marked differences in
diagnostic performance emerged among the markers (Fig.
1). In the Hp-positive subgroup, TFF3 demonstrated the
highest diagnostic efficacy (AUC = 0.825, 95% CI: 0.781—
0.870), while HE4 and CA72-4 showed AUC values of
0.799 (0.749—0.849) and 0.777 (0.727—-0.828), respectively;
the combined model achieved an AUC of 0.941 (0.915—
0.967). In the Hp-negative subgroup, CA72-4 showed
the highest AUC (0.789, 95% CI: 0.725-0.852), followed
by HE4 (0.749, 95% CI: 0.682-0.817); TFF3 exhibited
markedly diminished performance (AUC = 0.620, 95% CI:
0.543-0.697). The combined model in Hp-negative indi-
viduals achieved an AUC of 0.866 (0.818-0.914).

DeLong’s test revealed that the AUC of TFF3 was
significantly higher in Hp-positive individuals than in Hp-
negative individuals (0.825 vs. 0.620, p < 0.001). No
significant difference was observed for CA72-4 (0.777 vs.
0.789, p =0.784) and HE4 (0.799 vs. 0.749, p = 0.245) be-
tween the two strata. In the Hp-positive subgroup, the com-
bined model (AUC = 0.941) exhibited significantly higher
AUC than HE4 (0.799), TFF3 (0.825), and CA72-4 (0.777)
(all p <0.001 by DeLong’s test). In the Hp-negative sub-
group, the combined model (AUC = 0.866) also signifi-
cantly outperformed each single marker (HE4: 0.749, p <
0.001; TFF3: 0.620, p <0.001; CA72-4: 0.789, p = 0.002).

3.6 Diagnostic Performance Stratified by Hp Infection
Status

Table 5 presents the optimal cut-off values, sensitiv-
ity, specificity, and AUC for each marker and the combined
model in the overall population and Hp status-stratified sub-
groups. In the Hp-positive subgroup, TFF3 showed a sub-
stantially higher AUC (0.825, 95% CI: 0.781-0.870) than
in the Hp-negative subgroup (0.620, 95% CI: 0.543-0.697),
with an optimal cut-off of 12.95 ng/mL (sensitivity 68.0%,
specificity 87.7%). In contrast, HE4 and CA72-4 demon-
strated relatively stable diagnostic performance across Hp
strata. The combined model achieved AUCs of 0.941
(0.915-0.967) in Hp-positive and 0.866 (0.818-0.914) in
Hp-negative.
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Table 3. Comparison of serum marker levels between gastric cancer and control groups in the total population and Hp

status-stratified subgroups.

Stratum Marker Gastric cancer group  Control group V4 P
HE4 (pmol/L) 66.6 (47.5-92.5)  42.6(34.8-53.3) 11.22 <0.001
Total population (n = 268) TFF3 (ng/mL) 11.4 (7.2-17.3) 7.5(5.5-9.9) 8.59  <0.001
CA72-4 (U/mL) 8.5 (5.4-12.7) 4.7(3.8-6.2) 11.31 <0.001
HE4 (pmol/L) 75.6 (51.5-104.6)  43.0 (34.9-53.1) 9.40 <0.001
Hp-positive subgroup (control = 162; gastric cancer = 169)  TFF3 (ng/mL) 16.1 (11.0-22.3) 8.5(6.7-11.5) 10.24 <0.001
CA72-4 (U/mL) 8.7 (5.1-12.8) 4.8 (3.8-6.2) 8.72  <0.001
HE4 (pmol/L) 60.5 (44.5-88.5)  41.6(34.8-53.3) 6.16 <0.001
Hp-negative subgroup (control = 106; gastric cancer =99)  TFF3 (ng/mL) 6.9 (5.3-9.1) 5.6 (4.5-7.4) 2.97 0.003
CA72-4 (U/mL) 8.2 (5.4-12.4) 4.6 (3.7-6.2) 7.13  <0.001

Abbreviations: CA72-4, carbohydrate antigen 72-4; HE4, human epididymis protein 4; Hp, Helicobacter pylori; TFF3, trefoil factor 3.
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Fig. 1. Receiver operating characteristic (ROC) curves for serum markers in gastric cancer diagnosis. Abbreviation: AUC, area

under the curve.

Table 4. Multivariate logistic regression analysis.

Predictor Beta SE P OR (95% CI)

HE4 (pmol/L) 0.045 0.006 <0.001 1.05(1.03-1.06)
TFF3 (ng/mL) 0.173  0.028 <0.001 1.19 (1.13-1.26)
CA72-4 (U/mL) 0381 0.049 <0.001 1.46 (1.34-1.62)

Notes: The multivariate logistic regression model included HE4,
TFF3, and CA72-4 simultaneously. The adjustment refers to mu-
tual adjustment among these three serum markers; no other co-
variates were entered into this model.

Abbreviations: CI, confidence interval; OR, odds ratio; SE, stan-
dard error.

4. Discussion

This study represents the first systematic evaluation
of the diagnostic value of serum HE4, TFF3, and CA72-
4, alone and in combination, for gastric cancer according
to Helicobacter pylori (Hp) infection status. Our results
demonstrate that all three markers are independent risk fac-
tors for gastric cancer, and combined detection achieves
an AUC of 0.899, significantly outperforming any single
marker. More importantly, we identified that Hp infection
status significantly modifies the diagnostic performance of

TFF3, while HE4 and CA72-4 remain relatively stable and
unaffected by Hp status.

The AUC of TFF3 was significantly higher in the
Hp-positive subgroup (0.825) than in the Hp-negative sub-
group (0.620), with the difference reaching statistical sig-
nificance (p < 0.001), indicating clear Hp-dependent diag-
nostic performance. Potential mechanisms underlying this
phenomenon include the following: (1) Hp infection di-
rectly induces 7FF3 mRNA expression in gastric epithelial
cells [13]; and (2) in intestinal metaplasia induced by Hp in-
fection, goblet cells highly express TFF3, leading to further
elevation of TFF3 in the context of Hp positivity. A system-
atic review by Zhang et al. [22] reported a pooled AUC of
0.80 for TFF3 in diagnosing gastric cancer, with significant
associations with lymph node metastasis and TNM stage.
Research by Zhao et al. [17] in patients with atrophic gas-
tritis also found that the diagnostic value of TFF3 varied
according to Hp status, corroborating our findings. Inter-
estingly, a recent study revealed that chronic Hp infection
promotes the selection of bacterial variants that effectively
colonize metaplastic glands, a process that may further in-
fluence TFF3 expression in the gastric microenvironment
[23], providing an evolutionary perspective on the close
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Table 5. Diagnostic performance of individuals and combined markers in total population and Hp status-stratified subgroups.

Marker/Model Subgroup Cut-off  Sensitivity (%)  Specificity (%) PPV (%) NPV (%) AUC (95% CI)
Total 54.55 64.9 78.4 75.0 69.0 0.780 (0.740-0.820)
HE4 Hp-positive 56.50 72.2 81.5 79.1 75.0 0.799 (0.749-0.849)
Hp-negative ~ 55.00 59.6 80.2 75.0 66.7 0.749 (0.682-0.817)
Total 12.85 46.3 91.0 83.7 62.9 0.714 (0.671-0.758)
TFF3 Hp-positive 12.95 68.0 87.7 85.3 72.5 0.825 (0.781-0.870)
Hp-negative 6.55 54.5 67.9 60.5 62.4 0.620 (0.543-0.697)
Total 6.85 62.3 86.2 81.9 69.5 0.782 (0.743-0.822)
CA72-4 Hp-positive 8.15 53.8 95.1 91.9 66.8 0.777 (0.727-0.828)
Hp-negative 6.95 63.6 85.8 79.7 73.2 0.789 (0.725-0.852)
Total 79.9 89.6 88.7 82.7 0.899 (0.872-0.925)
Combined model ~ Hp-positive 87.0 92.6 90.0 85.4 0.941 (0.915-0.967)
Hp-negative 65.7 93.4 93.9 76.5 0.866 (0.818-0.914)

Abbreviations: NPV, negative predictive value; PPV, positive predictive value.

link between Hp and TFF3. These lines of evidence suggest
that TFF3 may have greater clinical utility for gastric cancer
screening in Hp-positive populations than in Hp-negative
populations. However, its superiority over other biomark-
ers or combined models in Hp-positive individuals cannot
be concluded from the current data.

In our study, HE4 demonstrated an AUC of 0.799
(95% CI: 0.749-0.849) in the Hp-positive subgroup and
0.749 (95% CI: 0.682—-0.817) in the Hp-negative subgroup,
with DeLong’s test showing no statistically significant dif-
ference between strata (p = 0.245). Tissue microarray stud-
ies by O'Neal et al. [24] demonstrated widespread HE4
overexpression in gastric cancer tissues (74% in intestinal-
type, >90% in diffuse-type), with positive expression also
observed in gastric metaplastic tissues, suggesting close as-
sociations between HE4 and both gastric cancer and pre-
cancerous lesions. Guo et al. [14] confirmed that HE4
promotes gastric cancer cell proliferation and migration
through the Src/Akt/Erk signaling pathway, with high ex-
pression correlating with Lauren classification and TNM
stage. A comprehensive review on the clinical utility of
HE4 has recently summarized its emerging roles across
multiple malignancies, including gastric cancer [25]. How-
ever, no studies to date have reported direct associations
between HE4 expression or diagnostic performance and Hp
infection status. The numerical difference observed in our
study may reflect random variation due to the relatively
smaller sample size in the Hp-negative subgroup. Thus, the
diagnostic performance of HE4 is considered stable across
different Hp status, a characteristic that renders it broadly
applicable in combined detection strategies.

CA72-4 exhibited AUC values of 0.777 and 0.789
in Hp-positive and Hp-negative populations, respectively,
with no statistically significant difference (p = 0.784), in-
dicating that its diagnostic performance remains unaffected
by Hp infection status. A systematic review by the Japanese
Gastric Cancer Association. Shimada et al. [26] confirmed
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CA72-4 as one of the most commonly used serum markers
for gastric cancer, with a positivity rate of approximately
30%, and demonstrated that this biomarker was signifi-
cantly associated with tumor stage and patient survival. A
meta-analysis by Wang et al. [19] demonstrated that CA72-
4 combined with CEA and CA19-9 achieved an AUC of
0.87 for gastric cancer diagnosis. Despite the proven as-
sociations between Hp infection and elevated CA72-4 lev-
els in healthy populations [20], our findings suggest that
Hp infection does not significantly compromise the dis-
criminatory ability of CA72-4 in gastric cancer diagnosis.
This characteristic positions CA72-4 as a stable cornerstone
marker in combined detection strategies.

In the total population and each of the Hp status-
stratified subgroups, the AUC of combined detection sig-
nificantly exceeded that of any single marker. Shen et al.
[21] reported an AUC of 0.890 for a panel of five novel pro-
tein markers in diagnosing early gastric cancer, corroborat-
ing our findings and suggesting that multi-marker strategies
represent an effective approach to overcoming the sensitiv-
ity limitations of single markers.

Based on these findings, we propose an Hp status-
stratified testing strategy: in Hp-positive populations, TFF3
may serve as a preferred marker; in Hp-negative popula-
tions, the diagnostic value of TFF3 is limited, while both
HE4 and CA72-4 can serve as stable components of com-
bined testing; CA72-4 can serve as a foundational marker
across all subgroups. The review by Sun [8] similarly em-
phasizes that Hp status-stratified testing strategies repre-
sent an important direction for enhancing diagnostic per-
formance in the context of gastric cancer.

This study has several limitations. First, the retro-
spective design may introduce selection bias. Second, the
single-center nature of the study population may limit the
generalizability of our findings to other communities and
populations. Third, external validation was not performed
in this study, and associations between markers and gas-
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tric cancer molecular subtypes were not explored. Fourth,
the control group consisted exclusively of healthy individu-
als who sought physical examinations at the hospital, with-
out including patients with gastritis, atrophic gastritis, or
intestinal metaplasia (key precancerous lesions). This may
introduce spectrum bias, potentially overestimating the di-
agnostic performance of the biomarkers. Future studies
should include a precancerous lesion control group to bet-
ter assess the biomarkers’ value in early screening. More-
over, Hp infection status was determined using either the
urea breath test or serum antibody testing. Antibody test-
ing cannot distinguish between past and current infection,
which may introduce misclassification bias. Although in-
dividuals with a recent history of eradication therapy were
excluded from this study to better identify current infection,
residual bias cannot be fully ruled out.

5. Conclusion

Serum HE4, TFF3, and CA72-4 are independent risk
factors of gastric cancer, and their combined detection sig-
nificantly enhances diagnostic efficacy. Hp infection status
selectively influences the diagnostic value of these mark-
ers: TFF3 exhibits high diagnostic performance only in
Hp-positive populations, while HE4 and CA72-4 demon-
strate relatively stable diagnostic performance with no sig-
nificant differences across Hp status. Therefore, Hp status-
stratified testing strategies may help optimize marker selec-
tion, although further external validation is warranted be-
fore clinical implementation. This study provides new the-
oretical evidence supporting individualized auxiliary differ-
ential diagnosis of gastric cancer and suggests that Hp in-
fection status should be considered when interpreting serum
biomarker results in future clinical practice.

Key Points

* This study systematically evaluated the diagnostic
value of serum HE4, TFF3, and CA72-4 for gastric cancer
stratified by Helicobacter pylori (Hp) infection status.

* Hp infection status has a significant influence on the
diagnostic performance of TFF3, which shows better ac-
curacy (AUC = 0.825) in Hp-positive individuals than in
Hp-negative individuals (AUC = 0.620), suggesting its po-
tential utility in Hp-positive populations.

* HE4 and CA72-4 demonstrate stable diagnostic per-
formance across different Hp status, with no significant dif-
ferences between the Hp status-stratified subgroups.

» With superior diagnostic efficacy for gastric cancer
regardless of Hp status (AUC = 0.899), the combined de-
tection of HE4, CA72-4, and TFF3 provides a promising
auxiliary tool for optimizing differential diagnosis of gas-
tric cancer based on Hp status-stratified testing.
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