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Dear Editor,

Lung cancer remains the leading cause of cancer-related
deaths[1], with non-small cell lung cancer (NSCLC)
accounting for 85% of cases. Prognosis largely depends on
the stage at diagnosis[2]; stage Ia patients have a S-year
survival rate of about 70%, compared to under 20% overall[3].
This highlights the need for effective screening. Currently,
low-dose computed tomography (LDCT) is the preferred
screening method for high-risk individuals, but it is expensive
and has a high false-positive rate, often requiring invasive
biopsies. Singapore’s 2010 Cancer Screening guidelines do not
recommend chest radiography, sputum cytology, or CT for
lung cancer screening[4].

Invasive tissue biopsies pose significant risks and are often
impractical when tumours are very small in the early-stages
of lung cancer. This underlines the urgent need for simpler,
minimally invasive screening methods for early detection. Here
we have focused on developing biomarkers from peripheral
biofluid-borne extracellular vesicles (EVs). In particular,
exosomes, also called small EVs (sEVs), are promising sources
of diagnostic and predictive clinical biomarkers[S], since they
carry materials that reflect the content of their originating cells,
including tumour cells. Notably, cancer cells often release more
sEVs due to increased proliferation and inflammatory states,
which leads to higher concentrations of tumour-associated
antigens (TAAs) in sEVs from cancer patients. Furthermore,
tumour-derived sEVs can interact with recipient cells to
facilitate processes like immune response modulation and

tumour metastasis. We therefore hypothesized that tumour-
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derived sEVs may be enriched in anti-TAA autoantibodies
relative to plasma and that they might thus represent a
substantially less invasive source in which to discover and
validate novel autoantibody biomarkers of NSCLC.

To test this hypothesis, a clinical study was conducted
in National University Hospital, Singapore (Protocol
#NS02/04/09) in accordance with the principles of the
Declaration of Helsinki. The discovery cohort comprised
109 NSCLC cases (31 early-stage and 78 late-stage) and 100
age-matched healthy controls, while the validation cohort
comprised 156 NSCLC cases (30 early-stage and 126 late-
stage) and 83 age-matched healthy controls (Additional file 1:
Table S1). In discovery phase, exosomes purified from plasma
were assayed on iOme v3 microarrays (Sengenics) comprising
ca. 1600 purified, full-length, natively-folded human protein
antigens. Nineteen biomarker candidates were selected based
on penetrance-based fold change (pFC) analysis (Additional
file 1: Fig. S1). A custom NSCLC antigen microarray (CAg
Plex Co-screen Mini-array) was fabricated comprising just
these 19 candidates (Additional file 1: Table S2) and used for
biomarker validation in a large independent cohort, comparing
the quantitative autoantibody profiles of NSCLC patients
to those of healthy controls. In the validation cohort, all
(19/19; 100.0%) biomarker candidates achieved pFC >2 and
penetrance frequency >10% in distinguishing NSCLC cases
from controls, with anti-XAGEID exhibiting elevation in the
highest proportion (23.7%) of cases; most (89.5%, 17/19)
of biomarker candidates achieved pFC >2 and penetrance
frequency >10% in distinguishing early-stage NSCLC cases
from controls, with anti-RAD23B exhibiting elevation in
the highest proportion (26.7%) of cases (Additional file 1:
Table S3). The resulting non-redundant list of candidate

discriminators first underwent functional enrichment
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analysis, followed by receiver operating characteristics (ROC)
analysis to evaluate their discriminatory performance in
the validation dataset. Finally, recursive feature elimination
was applied to identify the candidate discriminator panel
best able to distinguish between NSCLC cases and healthy
controls. Through this, we identified 4 top autoantibody
biomarker panels based on ROC curves (Fig. 1). Among
them, a seven-marker panel (anti-XAGE1D, -LRRFIP2,
-MAGEA10, -GAGE2C, -STAT1, -ZNRD1, and -RAD23B)
with an area under the curve (AUC) of 0.818, a sensitivity of
0.753, and a specificity of 0.721 that can differentiate between
NSCLC patients and healthy controls, even at early stages of

tumourigenesis. Our findings suggest that a panel of exosome-

associated autoantibodies can provide a reliable method for
early detection of NSCLC, potentially improving upon current
screening methods like LDCT. The standout individual
biomarker capable of distinguishing NSCLC cases (including
early-stage) from controls across both the discovery and
validation datasets was anti-XAGEID, which shows potential
for detecting lung cancer in a clinical setting. The seven-marker
panel could be used in conjunction with risk factors, clinical
history, and other laboratory markers to enhance diagnostic
accuracy. Additionally, these autoantibodies seemed to reflect
various NSCLC molecular subtypes and 2 distinct early-stage
NSCLC clusters. Separate per-class unsupervised clustering,

based on per-marker candidate fold-change, reveals 2 distinct
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early-stage NSCLC clusters, 3 distinct late-stage NSCLC
clusters (highlighted by green rectangles), and 2 distinct
healthy control clusters, as shown in Additional file 1: Fig. S2.
Furthermore, identifying humorally “hot” and “cold”
subgroups of NSCLC could aid in guiding treatment and
prognostication. A systematic review on tumour-associated
autoantibody (TAAD) biomarkers in lung cancer diagnosis
reported an average TAAb panel AUC of 0.82, highlighting the
effectiveness of TAAD panels over individual TAAbs[3]. Our
study’s biomarker panel demonstrates similarly high diagnostic
potential, reinforcing the utility of multiplexed diagnostic
platforms.

In conclusion, the development of non-invasive biomarkers
like exosome-associated autoantibodies offers a promising
advancement for early NSCLC detection and treatment. When
combined with LDCT, this approach may significantly improve
specificity in identifying early-stage lung cancer, reducing
both patient anxiety and costs associated with false positives
and unnecessary invasive procedures. EVs, protected by lipid
bilayers that safeguard their cargo (e.g., autoantibodies),
provide stability and reflect tumour heterogeneity, making
them valuable in diagnosis, prognosis, and treatment
prediction. However, challenges remain, such as the lack of
standardized protocols for EV isolation and characterization.
Further technological advances and validation in larger cohorts
are necessary to integrate these biomarkers into clinical
practice and revolutionize lung cancer screening with a more

accurate, cost-effective, and minimally invasive process.
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