
with TP53 have a poor prognosis, tumours with more complex
pathway deregulations trended towards even poorer outcome
(Fig. 5d). Many of the highlighted pathways represent therapeutic
targets that are actionable in preclinical models and, in some
cases, in the clinic (Table 2). For example, BRAF V600E has been
shown to be a potential target in melanoma and other cancers.
Loss of RNF43 or AXIN1 are associated with sensitivity to
porcupine and tankyrase inhibitors targeting the beta-catenin
pathway24, while deletion of CDKN2A or amplification of CDK4/
CCND1 confer sensitivity to CDK4/6 inhibitors25. Deficits in
Fanconi Anaemia genes can be targeted by cross-linking agents26,
a finding readily observed in cell lines harbouring homozygous
deletion of FANCF (Supplementary Fig. 36). Similarly, loss of
BRCA function is associated with response to PARP inhibitors27.
A number of these genetic alterations remain actionable in the
presence of an activating KRAS mutation and could provide the
opportunity for genetically targeted therapy in PDA.

Discussion
In total, the data herein demonstrates that PDA is a genetically
diverse disease harbouring mutational burden similar to other
solid malignancies. Due to the enrichment approach utilized,
we identified multiple significantly mutated genes that have not
been previously described in PDA and provide genetic insights

into the etiology, prognostic features and potential therapeutic
targets.

Risk factors for PDA, include smoking and deficits in DNA
mismatch repair as exemplified by Lynch Syndrome28–30.
We observed that smoking status in PDA was associated with
a mutation spectra similar to other smoking-associated
tumours13,14. We also found that select cases exhibit a
‘mutator’ phenotype, suggesting a contribution of mismatch
repair deficiency in tumorigenesis12.

In the analysis of copy number, we identified many regions
that have been previously identified by CGH and other
methods31. In general, tumors with more copy number
alterations (indicative of chromosomal instability) exhibited
mutations in DNA break repair genes and trended toward
poor prognosis. Importantly, we discovered that MYC
amplification was associated with poor prognosis and
adenosquamous histology. We did not identify mutations in
UPF1, which has been recently reported to be selectively mutated
with high frequency in pancreatic adenosquamous carcinoma32.
In spite of a comprehensive unbiased survey of amplicons/deleted
regions only one locus (MYC) was associated with outcome;
however, clearly there is variation in the overall magnitude of
copy number alterations, suggesting that there are perhaps
distinct drivers for the chromosomal instability observed in PDA.
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Figure 3 | Significantly mutated genes in PDA. (a) Mutational significance was determined for SNV and INDELS from the 109 sequenced cases using
MutsigCV. Genes were subjected to unsupervised clustering, and the frequency and P value as determined by MutsigCV are shown. (b) Kaplan–Meier
analysis of select significantly mutated genes. P value was obtained from Cox proportional hazard test. (c) IHC was used to confirm loss of ARID1A protein
in a large cohort of PDA cases (scale bar, 150mM). Diminished ARID1A protein level was associated with overall survival. P value was obtained from Cox
proportional hazard test.
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