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Background

While metastatic disease causes most cancer-related deaths, mechanisms of metastatic spread are not fully understood. The TRACERx
program is a longitudinal, multi-center, prospective study that tracks non-small-cell lung cancer (NSCLC) tumor evolution over time,
enabling a detailed exploration of metastatic evolution. Here, we report the longitudinal primary-metastasis dissemination and divergence
timing analysis of the completed TRACERx cohort.

Methods

Multi-region lung primary and metastatic lesions were subjected to whole-exome sequencing. We constructed phylogenetic trees to classify
metastatic dissemination and divergence timing. We categorized metastases as monoclonal if seeded by a single clone or polyclonal
otherwise. We classified metastases as late diverging if all primary clonal mutations were present in the metastatic tumor and early
diverging otherwise.

Results

Data from the TRACERx primary-metastasis cohort suggest that early intrathoracic metastatic divergence present at primary surgery
indicates a higher relapse risk. The cohort contains 249 patients with paired primary-metastasis samples including over 440 metastatic
samples passing quality control. The metastatic samples include 353 lymph node (LN) metastases (primary surgery and relapse), 47 non-
LN thoracic metastases as well as 49 extrathoracic metastases. 75% of the metastasis samples were monoclonal, comprising almost all
extrathoracic metastases. While LN metastases were also largely monoclonal, intrathoracic LNs at primary surgery were more enriched in
polyclonal metastases compared to recurrence/progression LNs. In 18% of patients, metastases diverged early from the primary tumor
before the last clonal sweep. In patients with LN metastases at primary surgery, early diverging LN metastases were enriched in patients
who later relapsed compared to patients who did not, translating to significantly shorter disease-free survival. These findings may be driven
by differences in immune evasion and other metastatic driver events.

Conclusions

In the TRACERx primary-metastasis cohort we identify early metastatic divergence at primary surgery as a marker of disease relapse,
highlighting the potential of classifying early tumor evolution to guide recurrence risk stratification.
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