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Actionable Take Away Message
• cmDNA alterations are detectable as early as 

stage I LUAD.
• The classifier achieved an AUC of 0.908 in the 

independent validation cohort.
• cmDNA may complement current approaches to 

early lung cancer detection.

Future Direction for Research
• Prospective, multicenter validation in larger and 

more diverse cohorts.
• Evaluate the incremental value of cmDNA 

combined with LDCT and clinical risk factors.
• Assess reproducibility across populations and 

sequencing workflows.
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Design:
Discovery cohort (n = 61)
• Healthy controls: n = 20
• Stage I lung adenocarcinoma: n = 21
• Advanced-stage lung adenocarcinoma: n = 20

Plasma WGS
Plasma collection and whole-genome sequencing
All lung cancer cases were histologically confirmed as lung 
adenocarcinoma.

cmDNA profiling
• Microbial relative abundance
• Bray–Curtis PCoA
• LEfSe differential taxa analysis
• KEGG pathway inference

Random forest classifier development

Independent validation cohort (n = 120)
• Healthy controls: n = 70
• Stage I lung adenocarcinoma: n = 50
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• Lung cancer remains the leading cause of cancer-related 
mortality worldwide, largely due to late-stage diagnosis.

• Although low-dose CT (LDCT) improves early detection, 
its clinical utility is limited by false-positive findings.

• Circulating microbial DNA (cmDNA) has emerged as a 
potential non-invasive liquid biopsy biomarker, but its role 
in early lung cancer detection remains unclear.

• This study aimed to characterize plasma cmDNA profiles 
across disease stages and evaluate their potential for 
detecting stage I lung adenocarcinoma.

Figure A  Stage-dependent alterations in circulating microbial DNA

Plasma cmDNA composition showed stage-dependent alterations across healthy controls, stage I LUAD, and advanced-stage LUAD.

Figure B-C  Early-stage LUAD exhibits distinct circulating microbial signatures
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Control vs Early-stage LUAD
PERMANOVA: R² = 0.047, p = 0.001

PCoA demonstrated modest but significant separation 
between healthy controls and stage I LUAD.

LEfSe identified distinct microbial taxa associated with controls, 
early-stage disease, and advanced-stage LUAD.

Figure D  Functional alterations accompany cmDNA compositional changes

KEGG pathway inference revealed alterations in metabolic and immune-related microbial functions across disease stages.
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CONCLUSION
• Plasma cmDNA exhibits distinct signatures in 

early-stage LUAD and shows promise as a non-
invasive biomarker for early detection.
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Figure E-F  cmDNA-based classifier shows strong discrimination for early-stage LUAD
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Strong discrimination was observed in both the discovery and independent validation cohorts.
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