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            Abstract
Cancer genome sequencing studies have identified numerous driver genes, but the relative timing of mutations in carcinogenesis remains unclear. The gradual progression from premalignant Barrett's esophagus to esophageal adenocarcinoma (EAC) provides an ideal model to study the ordering of somatic mutations. We identified recurrently mutated genes and assessed clonal structure using whole-genome sequencing and amplicon resequencing of 112 EACs. We next screened a cohort of 109 biopsies from 2 key transition points in the development of malignancy: benign metaplastic never-dysplastic Barrett's esophagus (NDBE; n = 66) and high-grade dysplasia (HGD; n = 43). Unexpectedly, the majority of recurrently mutated genes in EAC were also mutated in NDBE. Only TP53 and SMAD4 mutations occurred in a stage-specific manner, confined to HGD and EAC, respectively. Finally, we applied this knowledge to identify high-risk Barrett's esophagus in a new non-endoscopic test. In conclusion, mutations in EAC driver genes generally occur exceptionally early in disease development with profound implications for diagnostic and therapeutic strategies.
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                    Figure 1: Flow chart showing the study outline.[image: ]


Figure 2: Mutation in esophageal adenocarcinoma.[image: ]


Figure 3: TP53 and SMAD4 mutations accurately define stage boundaries in the progression toward cancer, whereas other mutations appear to occur independent of disease stage.[image: ]


Figure 4: TP53 mutations can be used to diagnose Barrett's esophagus with prevalent HGD on the Cytosponge.[image: ]
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Integrated supplementary information

Supplementary Figure 1 Mutational patterns in the 22 discovery cohort EACs.
The bar graph represents the total number of each possible mutation class change. The heat map displays the enrichment of each mutation class at any given trinucleotide context. For example, the strong red strip running down the center of the figure represents enrichment for C:G>T:A mutations at the XpCpG trinucleotide. Enrichment at the CTT trinucleotide can be seen for all three classes of thymidine mutation in the majority of samples.


Supplementary Figure 2 ARID1A DNA mutations and protein expression.
(a) Schematic showing ARID1A mutations identified in the discovery and validation cohort (112 EAC cases). (b) Examples of two EAC tumors, one staining positively for ARID1A protein expression and one staining negatively for ARID1A protein expression.


Supplementary Figure 3 Clonal analysis of 15 recurrently mutated genes in EAC.

Supplementary Figure 4 Schematic demonstrating Cytosponge sampling of cells from the top of the stomach, full length of the esophagus and oropharynx.
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