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Results  I .  Phylogenetic  and Genomics Analysis

• Metastatic progression is thought to result from evolutionary selection of subclones within the primary 

tumor. Previous studies have demonstrated an overall pattern of increased genomic alterations 

concurrent with increased clonality in metastasis compared to primary tumors, and determined the 

potential for distal metastasis relates to capacity of subclonal expansions in primary tumors1–4. 

• Ongoing mutational processes during tumor evolution may favor specific subclones for metastastic 

seeding. Alternatively, high metastatic clonality could also result from evolutionary constraints due to 

anticancer therapy. 

• Using the Oncology Research Information Exchange Network (ORIEN) datasets, we aim to characterize 

the genomic progression from primary to metastatic tumors and identify seeding clones5. The genomic 

composition of seeding clones across tumors may give us unique insight into metastatic progression.

• Our overall objective is to map the composition of primary tumor progression into metastasis as it 

relates to driving factors and its reflection in gene expression (illustrated below).

• We have identified seeding clones in 105 cases of breast cancer from ORIEN cohort with driver mutations which vary 

across IHC subtypes of breast cancer. dNdS selection modeling identified enrichment of selection for mutations in 

specific genes nearly exclusively in seeding clusters.

• Copy number analysis demonstrated several regions commonly altered in primary and metastasis suggesting these as 

fitness contributing early events in tumor progression. CN altered genes consisted mainly of regulatory RNAs and DNA 

binding genes (such as histones and zinc fingers).

• Differential expression analysis identified 1039 genes altered between primary and metastasis tumors. GSEA 

characterized functional adaptations in transcriptional programs involving immune signaling and angiogenesis in the 

progression to metastasis.

• Additional cases and analytical approaches are ongoing to further characterize the contribution of evolutionary selection 

and gene regulation in the acquisition of metastatic potential for breast cancer.

Figure 2. Conserved copy number alterations in primary and metastasis tumors. (A) Genomic representation of significantly altered copy number regions from gistic analysis. Shared regions indicate 

statistical enrichment in primary and metastasis tumors. (B) Frequency of broad copy number alterations (arm-level) in primary and metastasis. (C) Enrichment of amplified or deleted genes in significantly 

altered regions based on Poisson means test with FDR adjustment (<0.05). 387 amplified genes and 116 deleted genes were significantly enriched for CNVs in the cohort. (D) Comparison of CNV region 

length or overall number of genes identified in primary and metastasis tumors.
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Figure 1. Phylogenetic characterization of primary breast cancer and metastasis. (A) Examples of phylogenetic trees for two different breast cancer patients. Cluster size refers to the number of variants 

categorized within each cluster. Seeding clones correspond to the highest cancer cell fraction metastasis clone also present in the primary. (B) Somatic mutations in primary breast cancer vs metastasis. The top 

20 most frequently mutated driver genes are displayed. The top panels show tumor mutation burden (TMB) or Genomic Instability (GI) per patient sample. The right panel demonstrates the number of mutations 

identified for each gene and their cluster classification, N = 105. (C) Comparison of primary, regional metastasis (lymph nodes), or distant metastasis for GI, TMB, ploidy, and whole genome duplications (WGD). 

(D) Positive selection of small variants in driver genes associated with different stages of metastatic progression.

Phylogenetic Characterization and Cluster Classification of Primary and Metastatic Tumors

Figure 4. Gene Set Enrichment Analysis (GSEA) 

in primary vs metastasis tumors. GSEA of 

normalized gene expression across N=60 primary 

and metastasis tumors identifies 7 differentially 

regulated pathways with FDR < 0.2.
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Paired primary and metastasis tumors from 105 individuals in the ORIEN cohort were analyzed with 

WES and RNASeq to identify phylogenetic and transcriptomic adaptations that drive tumor progression.
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A total of 1,039 

genes (648 

upregulated, 391 

downregulated) 

were differentially 

expressed between 

primary and 

metastatic tumors 

(N = 60). Clustering 

is a result of mixed 

contributions from 

different clinical and 

molecular factors 

(not driven by 

single entity).
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