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ABSTRACT

Background: Third-generation EGFR tyrosine kinase inhibitors, notably osimertinib, constitute first-line therapy for EGFR-mutant
advanced NSCLC. We demonstrate that longitudinal circulating tumor DNA (ctDNA) tracking via ultra-deep NGS detects emerging
resistance mutations (C797S, MET amplification) a median of 4.8 months prior to radiographic progression.
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1. INTRODUCTION & THEORETICAL CONTEXT

The advent of precision oncology has revolutionized the clinical
management of advanced non-small cell lung carcinoma
(NSCLC) harboring activating epidermal growth factor receptor
(EGFR) mutations. Third-generation EGFR tyrosine kinase
inhibitors (TKIs), specifically osimertinib, have demonstrated
superior progression-free and overall survival rates compared to
earlier generations due to potent central nervous system
penetration and selectivity against both sensitizing mutations
(exon 19 deletions and L858R) and acquired T790M resistance.
Nevertheless, therapeutic resistance remains an inevitable clinical
hurdle, typically occurring within 18 to 22 months of continuous
therapy. Traditional tissue re-biopsy upon disease progression is
severely constrained by spatial tumor heterogeneity, invasive
procedural risks, and insufficient cellular yield. Circulating tumor
DNA (ctDNA) liquid biopsy has emerged as a minimally
invasive tool capable of capturing real-time somatic mutational
dynamics. However, existing clinical frameworks frequently rely
on reactive liquid biopsy triggered only after radiological
progression is observed on computed tomography (CT),
forfeiting valuable therapeutic windows where low-volume
clonal divergence could be proactively countered with rational
combination regimens.

2. MATERIALS & EXPERIMENTAL METHODOLOGY

We initiated a prospective longitudinal cohort trial enrolling 312
patients with treatment-naive, histologically confirmed stage IV
NSCLC harboring sensitizing EGFR mutations across two
comprehensive cancer institutes between February 2020 and
August 2023. All patients received standard first-line osimertinib
monotherapy (80 mg once daily). Serial peripheral blood samples
(20 mL in cell-free DNA BCT Streck tubes) were collected at
baseline, week 3, week 6, and every 6 weeks thereafter until
radiological disease progression according to RECIST v1.1
guidelines. Plasma was isolated within 2 hours of phlebotomy via
dual-spin centrifugation (1,600g for 10 min followed by 16,000g
for 10 min). Cell-free DNA was extracted using automated
magnetic bead separation. We utilized a customized hybrid-
capture ultra-deep next-generation sequencing (NGS) panel
covering 74 cancer-related genes, incorporating unique molecular
identifiers (UMIs) and dual-indexed molecular barcodes. High-
depth sequencing achieved a median raw depth of 38,000× and
an error-corrected consensus depth of >4,500×, enabling a
validated limit of detection of 0.05% variant allele frequency
(VAF). Bioinformatic pipelines integrated stochastic noise
suppression and digital droplet PCR (ddPCR) orthogonal
validation.
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3. RESULTS & EMPIRICAL ANALYSIS

Among the 312 enrolled patients, baseline ctDNA detection rate
for primary sensitizing EGFR mutations reached 94.2%
(294/312). Early molecular dynamics demonstrated profound
clinical prognostication: complete molecular clearance of
circulating EGFR mutations at week 6 was achieved in 64.1% of
patients (200/312) and was associated with dramatically extended
median progression-free survival compared to patients with
persistent ctDNA (24.6 months vs. 9.8 months; HR 0.28; 95% CI
0.21–0.38; p < 0.0001). Crucially, longitudinal monitoring
successfully identified emerging molecular resistance clones
prior to radiological progression in 86.4% of patients who
developed clinical resistance. The median lead time from ctDNA
detection of resistance to radiographic RECIST progression was
4.8 months (range: 1.4 to 9.2 months). The molecular
architecture of emerging resistance was dissected into EGFR-
dependent mechanisms—predominantly tertiary C797S
mutations in cis or trans (18.2%) and L718Q mutations (3.5%)—
and EGFR-independent bypass mechanisms. The most prevalent
bypass alteration was focal MET amplification, observed in
22.4% of patients, followed by HER2 amplification (6.8%),
BRAF V600E mutations (4.1%), and histological phenotypic
transformation to small cell lung cancer characterized by
concurrent RB1 and TP53 clonal loss (5.4%).

4. DISCUSSION, MECHANISTIC INSIGHTS &
LIMITATIONS

Our longitudinal profiling demonstrates that tumor evolution
under osimertinib pressure follows distinct, identifiable
trajectories that occur months before macromolecular tumor
masses expand sufficiently to alter radiological imaging.
Detecting MET amplification or C797S mutations at minute
allele frequencies (VAF 0.1%–0.5%) provides actionable
therapeutic intelligence. For example, early emergence of MET
amplification could permit immediate intervention with selective
MET inhibitors (such as savolitinib or tepotinib) before overt
clinical deterioration. Furthermore, monitoring circulating copy
number variations (CNVs) and mutant allele fractions allows
clinicians to differentiate between oligoprogressive localized
resistance and widespread systemic clonal expansion. Limitations
of our study include the restriction of sequencing depth to plasma
cell-free DNA without concurrent transcriptomic profiling from
extracellular vesicles, which might have captured additional non-
genetic metabolic bypass routes. Moreover, interventional trials
are required to establish whether therapeutic switches guided
purely by ctDNA lead time translate into definitive overall
survival gains.

5. CONCLUSION & FUTURE TRAJECTORIES

Longitudinal ctDNA tracking using ultra-deep error-corrected
NGS represents a paradigm leap in the precision management of
EGFR-mutant NSCLC. By anticipating radiological progression
by an average of nearly five months and mapping emerging
resistance mechanisms with high analytical sensitivity, ctDNA
profiling lays the foundation for adaptive, preemptive targeted
oncology. Future international clinical trials must establish
standardized thresholds for initiating preemptive combination
therapy based on liquid biopsy biomarkers.
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