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Abstract 

Background  Esophageal cancer (EC) is a highly lethal disease lacking early detection approaches. We previously 
identified that OTOP2 and KCNA3 were specifically hypermethylated in circulating cell-free DNA from patients 
with EC. We then developed a blood-based methylation assay targeting OTOP2 and KCNA3 (named “IEsohunter”) 
for esophageal cancer noninvasive detection. This double-blinded, multicenter, prospective study aimed to compre-
hensively evaluate its clinical diagnostic performance.

Methods  Participants with EC, high-grade intraepithelial neoplasia (HGIN), other malignancies, benign gastrointes-
tinal lesions, or no abnormalities were prospectively enrolled from 5 tertiary referral centers across China. Peripheral 
blood samples were collected, followed by plasma cell-free DNA methylation analysis using the IEsohunter test based 
on multiplex quantitative polymerase chain reaction adopting an algorithm-free interpretation strategy. The primary 
outcome was the diagnostic accuracy of IEsohunter test for EC.

Results  We prospectively enrolled 1116 participants, including 334 patients with EC, 71 with HGIN, and 711 controls. 
The areas under the receiver operating characteristic curves of the IEsohunter test for detecting EC and HGIN were 
0.903 (95% CI 0.880–0.927) and 0.727 (95% CI 0.653–0.801), respectively. IEsohunter test showed sensitivities of 78.5% 
(95% CI 69.1–85.6), 87.3% (95% CI 79.4–92.4), 92.5% (95% CI 85.9–96.2), and 96.9% (95% CI 84.3–99.8) for stage I-IV EC, 
respectively, with an overall sensitivity of 87.4% (95% CI 83.4–90.6) and specificity of 93.3% (95% CI 91.2–94.9) for EC 
detection. The IEsohunter test status turned negative (100.0%, 47/47) after surgical resection of EC.
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Conclusions  The IEsohunter test showed high diagnostic accuracy for EC detection, indicating that it could poten-
tially serve as a tool for noninvasive early detection and surveillance of EC.
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To the editor:
Esophageal cancer (EC) has a poor prognosis, with a 

less than 30% five-year overall survival rate [1, 2]. This is 
largely due to almost 80% of patients with EC being diag-
nosed at an advanced stage [3, 4]. Upper gastrointestinal 
endoscopy with targeted biopsy is not suitable for mass 
screening of the general population due to its invasive-
ness, resource limitations, and relatively low prevalence 
of target lesions. Novel blood-based biomarkers, such as 
cell-free DNA (cfDNA), cell-free RNA, metabolites, and 
proteins, have demonstrated potential in the early detec-
tion of EC [5–11]. However, these classifiers typically 
use algorithms to combine various biomarkers such as 
logistic regression, random forest regression, and lasso 
regression, challenges persist in model validation, results 
interpretation, and clinical applications.

In our previous study, we identified OTOP2 and 
KCNA3 by whole-genome bisulfite sequencing as prom-
ising DNA-methylation biomarkers for EC diagnosis [12]. 
Given the purpose of simplifying the diagnostic model 
and further validation, it is necessary to provide sufficient 
evidence to develop a ready-to-use diagnostic test with 
acceptable accuracy for the screening and early detection 
for patients with EC.

Between September 7, 2022, and October 19, 2023, 
1173 participants underwent screening, with the final 
1116 being enrolled (Fig.  1A). The study included three 
participant groups: high-grade intraepithelial neoplasia 
(HGIN, n = 71), EC (n = 334), and control (n = 711). The 
control group can be subdivided into healthy control 
(HC, n = 65), gastrointestinal benign lesion (BL, n = 483), 
and other malignancies (n = 163), where other malig-
nancies further consist of digestive system malignancies 
(DSM, n = 82) and non-digestive system malignancies 
(Non-DSM, n = 81). Clinicopathological characteristics 
of participants are summarized in Fig. 1B. Patients enroll-
ment, clinical and laboratory procedures are described in 
Supplementary Material 1.

Plasma methylated OTOP2 and KCNA3 cycle thresh-
old (Ct) values were significantly lower in patients with 
esophageal squamous cell carcinoma (ESCC) than in all 
controls (P < 0.0001; Fig.  2A, B; TableS1, S2). Similarly, 
both esophageal adenocarcinoma (EAC) and other histo-
pathologic types of EC also differed significantly from all 
controls. There were no significant differences in values 
among the three EC groups including ESCC, EAC and 

other EC (Fig. 2A, B). It should be noted that the number 
of EAC and other EC cases enrolled was low due to the 
incidence, and more studies are needed to further inves-
tigate the methylation levels and diagnostic accuracy of 
KCNA3 and OTOP2 for EAC and other EC. Besides, 
HGIN was also significantly different from all control 
groups (P < 0.0001; Fig. 2A, B).

The receiver operating characteristic curve (ROC) 
analysis showed the IEsohunter test with an algorithm-
free interpretation strategy could differentiate EC from 
all controls (Figs.  1C, 2C–H). In particular, the IEso-
hunter test exhibited exceptional diagnostic performance 
for stage I EC (Figs.  1C, 2E, I, Figure S1). Furthermore, 
the IEsohunter test exhibited similar efficacy in detecting 
various pathological types of EC and had a relatively low 
tested positivity proportion in malignancies that were 
non-EC (Fig. 2J, Table S3). Besides, this panel could accu-
rately differentiate HGIN from controls (Figs.  1C, 2D, 
I). Predictive values and likelihood ratios for the IEso-
hunter test in the diagnosis of EC and HGIN were shown 
in Fig. 1C. The results revealed that using BL, DSM, and 
Non-DSM as controls led to a slightly reduction in the 
area under the receiver operating characteristic curve 
(AUC) compared to using HC as the control (Figure S2, 
Fig. 2J).

ROC analysis of 5 centers in the diagnosis of EC was 
shown in Figure S3. The AUC, tested positivity propor-
tions of EC and the controls in different centers were 
similar. Besides, predictive values and likelihood ratios 
for different centers were shown in Table  S4. In addi-
tional stratified analyses, there were no significant dif-
ferences in the sensitivity of detecting EC using the 
IEsohunter test when stratified by age, sex, smoking his-
tory, alcohol history, tumor differentiation, and tumor 
location (Table S5).

Besides, 108 plasma samples were collected from 54 
patients with EC before and after surgical resection on 
one day. The Ct values all exceeded the detection limit 
after surgical resection (Fig.  2K, L). Conclusively, 47 
patients with EC who tested positive before surgery all 
became negative after surgery (Fig. 2M).

In conclusion, we demonstrated the effectiveness of 
cfDNA diagnosis for patients with EC by using a simpli-
fied cfDNA methylation assay. To our knowledge, this is 
the first large-scale, multicenter study to report the clini-
cal diagnostic accuracy of cfDNA methylation assay for 
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Fig. 1  A Study profile. B The characteristics of participants. C Results for measurement of plasma methylated OTOP2, KCNA3, or either, 
in the diagnosis of EC. AUC = The area under the receiver operating characteristic curve. PPV = positive predictive value. NPV = negative predictive 
value. LR = likelihood ratio. cfDNA = cell-free DNA. EC = esophageal cancer, HGIN = high-grade intraepithelial neoplasia.
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Fig. 2  (See legend on next page.)
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EC. Our results indicate that the IEsohunter test could 
potentially be used to diagnose and surveil EC, especially 
early-stage disease, and will help to address the lack of 
reliable blood biomarkers for EC in clinics and provide a 
reference for subsequent studies.
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