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Abstract

Introduction: As the incidence of gastric cancer (GO) is
increasing in Fast Asia including Japan, a simple blood
test for early GC is needed as an alternative to upper
gastrointestinal (UGD endoscopy. We performed this
study to address this issue. Methods: We collected se-
rum samples from 319 participants comprising 225
healthy subjects without GC (control group) and 94
patients with early GC (early GC group). After evaluating
copy numbers of serum hTERT and methylated RUNX3
(m-RUNX3) using the Combined Restriction Digital PCR
(CORD) assay, which we developed, we assessed the
diagnostic performance of hTERT and m-RUNX3 for

early GC. Results: Serum levels of h'TERT and m-RUNX3
were significantly higher in the early GC group than in
the control group. The area under the curve (AUC) was
0.89 for hTERT and 0.78 for m-RUNX3. Multivariate lo-
gistic regression analysis revealed age, sex, hTERT copy
number, and m-RUNX3 copy number to be independent
factors for early GC. We then established a prediction
formula and named it the ASTEN-R3 (age, sex, hTERT,
and m-RUNX3) index. The AUC of the ASTFm-R3 index
was 0.93 with a sensitivity of 79.7% and specificity
of 91.1%. Conclusion: We demonstrated excellent
performance of the ASTEm-R3 index using the CORD
assay to detect early GC. This index might be a prom-
ising alternative to UGI endoscopy.
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Introduction

Gastric cancer (GC) was the fifth leading cause of
morbidity and fifth of mortality worldwide in 2022. A
significantly higher incidence of GC occurs in East Asia
including Japan [1]. At 96.7%, the 5-year relative sur-
vival rate for early GC in Japan is very high. However, it
drops drastically to 6.6% for stage IV GC [2]. Therefore,
early detection of GC is very important to reduce the
mortality rate of this disease. In Japan, either contrast
radiography or upper gastrointestinal (UGI) endoscopy
1s performed as a population-based screening test for GC
[3]. Contrast radiography has a very low sensitivity for
diagnosing early GC [4]. In contrast, UGI endoscopy is
the most sensitive test for diagnosing early GC [5].
However, almost half of the people in Japan do not
undergo UGI endoscopy due to its invasiveness and high
cost [2]. Therefore, a simple, inexpensive, and non-
invasive test to screen for early GC as an alternative
to UGI endoscopy is urgently needed.

Among blood tests, carcinoembryonic antigen (CEA)
and carbohydrate antigen 19-9 (CA19-9) are widely used
as tumor markers for GC. Nevertheless, no current blood
test can diagnose early GC due to the low sensitivity of
conventional tumor markers [6]. The risk of developing
GC depends on the underlying condition, namely Heli-
cobacter pylori infection and gastric atrophy [7, 8. In
<hpan, a combined test of serum anti-H. pylori antibody
titer and serum pepsinogen levels has been performed as
an alternative blood test for assessing GC risk [9, 10].
Serum anti-H. pylori antibody titer reflects previous or
current, infection with H. pylori. Contrastingly, serum
pepsinogen reflects the degree of gastric atrophy [11].
However, the combined test of serum anti-H. pylori
antibody titer and serum pepsinogen levels is not
applied to GC screening as it is only a predictor of GC
development over the long term [12].

One strategy to address these problems is a liquid
biopsy that targets circulating tumor cells or circulating
cell-free DNA from tumors in the blood. Although there
are many reports on liquid biopsy for the detection of GC
[13], Liquid biopsy has not been used in practice for GC
screening. To address this issue, we developed a new
methylation assay, the Combined Restriction Digital PCR
(CORD) assay. After applying it to a liquid biopsy of early
GC targeting methylated RUNX3 (m-RUNXS) in serum,
we found a sensitivity of 50.0% and specificity of 80.3%
[14]. However, as a single use of m-RUNX3 had limi-
tations in sensitivity and specificity for climcal use, we re-
evaluated the data from the previous studies and found
that copies of serum hTERT, measured as an internal
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control, were dramatically increased in the early GC
group compared to the non-GC group. Therefore, we
speculated that hTERT might also be a potential bio-
marker for early GC. Further, we also hypothesized that
the development of a prediction formula based on logistic
regression analysis with variables including h'TERT, m-
RUNXS, and other factors might improve the diagnostic
performance for early GC. To prove these speculations,
we conducted this study to evaluate the diagnostic per-
formance of hTERT in combination with m-r RUNX3 for
early detection of GC.

Methods

Serum Samples

This was a retrospective study in which serum
samples from 319 participants were collected prior to
any medical treatments the participants would undergo
between November 2016 and June 2022 at Yamaguchi
University Hospital, &. Hill Hospital, and Ajisu Kyoritsu
Hospital in Japan. To avoid artificial contamination of
the blood samples by cancer cells, blood collection was
performed at least 3 weeks after the biopsy if it had been
performed. Serum samples were stored at —80°C until
DNA extraction. DNA was extracted at 1-6 months after
blood collection. The participants comprised 225
healthy subjects and 94 patients with early GC with
tumor invasion limited within the submucosal layer.
Their chnicopathologic characteristics are shown in
Table 1. Twelve patients with gastric adenoma were
excluded from this study. The healthy subjects did not
have GC on UGI endoscopy and did not have a previous
history of GC. The diagnosis of early GC was confirmed
pathologically after endoscopic submucosal dissection
and/or surgical resection, with no evidence of cancer
shown in other organs by imaging modalities. The depth
of tumor invasion was classified as mucosal (m) and
submucosal (sm). Well or moderately differentiated
tubular adenocarcinoma and papillary adenocarcinoma
were classified as differentiated carcinoma. Poorly dif-
ferentiated adenocarcinoma and signet-ring cell carci-
noma were classified as undifferentiated carcinoma.
Lesions containing both differentiated and undifferen-
tiated carcinomas were classified on the basis of which
was predominant microscopically [15]. This study was
conducted in compliance with the ethical principles of
the Declaration of Helsinki. The study protocol was
approved by the Institutional Review Boards of Ya-
maguchi University Hospital, St. Hill Hospital, and Ajisu
Kyoritsu Hospital (H28-124 and H17-83).

Nakamura et al.
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Table 1. Clinicopathologic characteristics of the subjects

Characteristics Cancer (n = 94) Control (n = 225) p value
Age, years, median (range) 74 (34-90) 65 (34-88) <0.0001
Sex
Male 74 116 <0.0001
Female 20 109
Tumor size, median (range), mm 12.5 (3.0-65.0) NA NA
Depth of tumor invasion
m 82 NA NA
sm 12 NA
Tumor differentiation
Differentiated 20 NA NA
Undifferentiated 4 NA
Anti-H pylon antibody titer
>10 UmL 25 NA NA
3-9.9 UmlL 31 NA
<3 UmL 38 NA
hTFRL, median (range), copies/40 pLserum 910 (156-9,900) 218 (5-1,780) <0.0001
Methylated RUNX3, median (range), copies/40 pL serum 52 (0-32) 1.8 (0-10.6) <0.0001
CEA
>6 ng/mL 8 NA NA
<6 ng/mL 86 NA
CA19-9
>37 UmL 3 NA NA
<37 UmL 91 NA

NA, not available; m, mucosa; sm, submucosa.

Analysis of hTERT and Methylated RUNX3 Using

CORD Assay

The serum samples preserved at —80°C were thawed.
Then, 0.4 mL of each serum sample was used for DNA
extraction with a MagNa Pure Compact Nucleic Acid
Isolation Kit (Roche, Mannheim, Germany) according to
the manufacturer’s instructions. DNA was eluted in 50 pLL
of elution buffer. DNA was treated in a two- step procedure
using three methylation-sensitive restriction enzymes
(Hhal, Hpall, and BstUI and exonuclease I as previously
reported [7-10], followed by multiplex droplet digital
PCR. The primer and probe set sequences for RUNX3 were
sense primer, 5-TATGOGTATTCCCGTAGACCC-3';
anti-sense primer, 5'-GCTGTTCTCGCCCATCTITG-3';
and probe, 5'-FAM-TCCCCGGCCTTCCCCTGOGG
TMARA-3' [14]. Those for hTERT were sense primer, 5'-
GGGTCCTCGCCTGTGTACAG-3'; anti-sense primer,
5'-CCTGGGAGCTCTGGGAATTT-3; and probe, 5'-
VIC-CACACCTTTGGTCACTC-MGB 3’ [16]. The PCR
reaction solution consisted of 8 pL of enzyme-treated
DNA, 1x ddPCR Supermix for Probes (Bio-Rad, Hercu-

Liquid Biopsy for Diagnosing Early Gastric
Cancer

les, CA, URA), 025 umol/L of each primer, and 0.125
umol/L of each probe in a total volume of 20 uL. After
droplets were generated by an automated droplet gener-
ator (Bio-Rad), PCR was performed. PCR cycling con-
ditions included preheating at 95°C for 10 min followed by
40 cycles of denaturation at 94°C for 30 s and annealing at
56°C for 60 s. Final heating was performed at 98°C for
10 min. Following amplification, the PCR plate was
transferred to a QX200 droplet reader, and fluorescence
amplitude data were obtained using QuantaSoft software
(both, Bio-Rad).

CFEA and CA19-9

Serum levels of CEA and CA19-9 were, respectively,
measured using a “TOSOH” II CEA commercial im-
munoassay kit and an “ARCHITECT CA19-9XR’
CA19-9 commercial immunoassay kit (both from
Tosoh, Tokyo, Japan). An ATA-2000 automated im-
munoassay analyzer (Tosoh) was used for CEA, and an
ARCHITECT 12000 automatic immunoassay analyzer
(Abbot Corporation, Tokyo, Japan) was used for
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CA19-9 in the Division of Laboratory, Yamaguchi
University Hospital. In accordance with the manu-
facturer’s instructions, the cutoff values were 6 ng/ mL
for CEA and 37 U/mL for CA19-9.

Serum Anti-H. pylori Antibody Titer

Serum anti-H. pylori antibody titer was measured using
the IZ test “Hken” for H. pylori antibody (Fiken Chemical,
Tokyo, <bpan) on a BV9130 automatic clinical chemistry
analyzer (JHOL, Tokyo, apan) at IS Medience
Corporation, a clinical laboratory testing service in
Tokyo, Jpan. The antibody titer cutoffs were set at 3 U/
mL and 10 U/mL to evaluate H. pylori infection. An an-
tibody titer <3 U/mlL s regarded as a negative infection or
possible past exposure to H. pylori, 3-9.9 U/mLindicates a
current or past infection, and >10 U/mLindicates a current
infection [17].

Statistical Analysis

The Mann-Whitney U test was used to compare
differences in numerical variables between two groups.
Categorical variables were analyzed using the x? test.
The optimal cutoff value was determined by the
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Youden index method from the receiver operating
characteristic (ROC) curve. Multivariate logistic re-
gression analysis was performed to determine inde-
pendent factors that contribute to the diagnosis of early
GC. Satistical significance was defined as a p
value <0.05. For statistical analysis, we used GraphPad
Prism ver. 9 (GraphPad Software, San Diego, CA,
USA), SatFex ver. 7.0 (Artec Corporation, Osaka,
Japan), and JMP Pro (IMP Statistical Discovery, Cary,
NC, UA).

Results

CEA, CA199, and Serum Anti-H. pylori Antibody

Titer in the Early GC Group

Among the 94 patients with early GC, the number of
patients with positive CEA and CA19-9 results was 8
(85%) and 3 (3.2%), respectively, and that of patients
with serum anti-H. pylori antibody titers of >3 U/mL
and <3 U/mL were 56 (59.6%) and 38 (40.4%), respec-
tively. Anti-H. pylori antibody titers of >10 U/mL were
found in 26.6% (25/94) of the patients with early GC.

Nakamura et al.
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Table 2. logistic regression analysis

Variables B SE@) zvalue pvalue OR(95% CD
(ntercept) -152 20700

Age, years 0.138 00227 6.08 <0.001 1.15 (1.10-1.20)
Sex (male) 1.360 04250 3.19 0001  3.88 (1.69-892)
Methylated RUNX3 (copies) 0.138 0.0684 201 0.044  1.15 (1.00-1.31)
hTERT (copies) 0.004 00006 643 <0.001 1.00 (1.00-1.01)

CI, confidence interval; OR, odds ratio; SE standard eror.

Methylated RUNX3 and hTERT

For m-RUNXS3, the median copy number was 1.8
copies/40 pLiserum in the control group and 5.2 copies/
40 uLserum in the early GC group (p < 0.0001, Hg. 1a).
The median hTERT copy number was 218 copies/40 pL
serum in the control and 910 copies/40 pLiserum in the
early GC groups (p< 0.0001, Fg. 1b). For m-RUNX3, the
area under the curve (AUC) by ROC analysis was 0.78
(Fg. 1c). The optimal cutoff by the Youden index was
50 copies/40 pL serum, resulting in a sensitivity of
57.4% (54/94) and specificity of 87.6% (197/225) for
early GC. The AUC for hTERT was 0.89 (Fig. 1c). Using
400 copies/40 pL serum as the optimal cutoff by the
Youden index, the sensitivity and specificity were 85.1%
(80/94) and 80.0% (180/225), respectively, for diag
nosing early GC.

Integrated Index Including Age, Sex, h'TERT, and

nmr RUNXS3 for Diagnosing Farly GC

Logistic regression analysis showed age, sex, hTERT,
and m- RUNXS3 to be independent factors contributing to
the diagnosis of early GC (Table 2). From the regression
model, we derived the following formula and named it the
ASTEmMR3 (age, sex, hTERT, and m-RUNX3) index.

ASTEm-R3 index =
1
[ 1 + ot-[-1520+0.138 ( Age)+1.360 (Sex)+0.138 ( Methylated RUNX8)+0.004 <hTERT)]}]

The median value of the ASI'Ein- R3 index was 0.04 in
the control group and 0.82 in the early GC group
(Hg. 1d). The ASI'Em-R3 index showed the best statis-
tically significant diagnostic accuracy with an AUC of
0.93 for early GC versus those of 0.78 for m- RUNX3 alone
(p < 0.000D and 0.89 for hTERT alone (p = 0.0055,
Hg. 1c). Using an optimal cutoff of 0.35, as determined by
the Youden index, the sensitivity of the ASTEm-R3 index
for early GC was 79.8% (75/94) with a specificity of 91.1%
(205/225).

Liquid Biopsy for Diagnosing Early Gastric
Cancer

Discussion

In this study, the sensitivity of CEA and CA19-9 for early
GC was quite low: 85% for CFA and 3.2% for CA19-9,
consistent with a previous report [3l. Therefore, it is
seemingly impossible to use CEA and/or CA19-9 for the
diagnosis of early GC. In the present study, the liquid biopsy
test using the CORD assay of mr RUNX3 resulted in a ROC-
AUC of 078 with a senditivity of 57.4% (54/94) and
specificity of 87.6% (197/225) for the detection of early GC.
This result was almost in line with the AUC of 0.70 obtained
in our previous study [10]. For HTERT, the ROC-AUC was
0.89 with a sensitivity of 85.1% (80/94) and specificity of
80.0% (180/225) for the detection of earty GC. Rurthermore,
a multivariable logistic regression analysis showed hTERT
and m-RUNX3 to independently contribute to the diagnosis
of early GC even after adjustment for age and sex. Therefore,
we established the novel integrated ASI'Fin-R3 index. The
AUC of the ASTEim- R3 index was 0.93 with a relatively high
sensitivity of 79.8% (75/94) and a considerably high spec-
ificity of 91.1% (205/225). In addition, the AUC of the
ASTEnR3 index was significantly better than that of a
single use of either mRUNX3 (p < 0.0001) or hTERT (p =
0.0055). This is the first report to show the clinical utility of
the ASI'Em-R3 index for the detection of early GC.

The rate of positivity for >3 U/mLof anti-serum H. pylori
antibodies in patients with early GC was 59.6% (56/94) and
that for >10 U/mL was only 26.6% (25/94) (Table 1). Al-
though anti-serum H. pylori antibodies have been used as a
marker for GC [18], the number of patients positive for H.
pylori has decreased due to the widespread use of H. pylori
eradication therapy and subsecquent decrease in the number
of H. pylori-infected patients [19, 20]. In Japan, GC is often
detected in patients even after H. pylori eradication therapy,
and the serum antibody titers decrease after successful anti-
H. pylori chemotherapy [21-23]. Therefore, it may be
unrehable to use serum anti-H. pylori antibody titers as
an indication for endoscopic screening, although H. pylori
Infection remains an important etiological factor for GC.
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Methylation of cell-free DNA has been identified as a
promising marker for GC. For example, Ren et al. reported
that cell-fr,re DNA MCTA-Seq, which utilizes
153 mCGCGCGG-CpG sites, had a sensitivity of 44% for
stage I GC and a specificity of 92% [24]. Kandimalla et al.
developed the FpiPanGIDx model based on 50 differen-
tially methylated regions, which showed an AUC value of
0.90 [25]. Qi et al. [26] developed a GC detection model
using 21 differentially methylated regions, resulting in a
sensitivity of 96.48% and specificity of 91.05% for detecting
in situ and early GC. These reportsindicate the potential of
c¢fDNA methylation as an effective tool for early cancer
detection. However, the above assays may be difficult to
use in clinical practice due to procedural complexity and/
or the large number of target regions. In contrast, the
ASTEmrR3 index targets only methylated RUNX3 and
hTERT, which can be counted simultaneously. Thus, the
ASTEmr R3 index is simpler and less labor intensive.

This study has several limitations. Cell-free DNA, also
known as circulating tumor DINA, is known to increase in
patients with cancer, not just GC [27]. As the hTERT copy
number may reflect the amount of cell-free DNA, WTERT
would not be specific for GC. Indeed, we have observed an
increase in serum hTERT copies in patients with colorectal
cancer, hepatocellular carcinoma, and pancreatic cancer
(unpublished data not shown). Similarly, RUNXS is fre
quently hypermethylated in several types of cancer, in-
cluding lung, breast, and pancreatic cancer [28, 29]. Thus,
mr RUNXS3 is also not specific to GC. Although the present
study showed the ASTEm-R3 index to be useful for the
detection of GC, additional studies will be needed to clarify
its diagnostic performance in GC compared to other
cancers. Further, although the optimal cutoff value of the
ASTEmnR3 index was set by the Youden index, it is unclear
whether this is the best value. If we continue to improve the
sensitivity for detecting early GC, it may become less
specific. Conversely, if specificity is improved, the sensitivity
will deteriorate. Because clinical laboratory tests require a
delicate balance of sensitivity, specificity, and cost, the best
cutoff value should be determined in a prospective study.

Conclusion

We demonstrated the excellent performance of the
ASTEm-R3 index using the CORD assay to detect early
GC. Compared to the conventional markers, the AST'Em-
R3 index showed better diagnostic performance for early
GC than serum CEA and CA19-9. In addition, unlike
UGI endoscopy, the ASI'Em-R3 index is non-invasive.
Thus, it could potentially be used for the screening of GC
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as a possible alternative test to UGI endoscopy. We also
anticipate that the ASTEm- R3 index may be useful for the
surveillance of individuals at very high risk for GC, such
as those with H. pylori infection and atrophic gastritis.
Confirmatory prospective studies will be needed to
support our speculations.
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