Whole Genome Analysis of High Risk Multiple Myeloma (MM) reveals temporal instability, baseline diversity, clonal tides, selective pressure and longitudinal evolution.
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The genetic mechanisms which underpin high risk MM have never been well defined. Indeed it is a mystery why an initiating chromosome translocation present even in MGUS should confer risk of early relapse and shortened survival. We therefore conducted comparative genomic analysis on 11 patients with known genetic risk factors and two temporally distinct samples. This analysis demonstrated a high degree of genomic instability over time in high risk MM when compared with FISH defined lower risk disease. This analysis also demonstrated baseline clonal diversity and clonal tides subject to selective pressure of therapeutics as well as the expected longitudinal evolution. Potetial clinical implications from this analysis were that:

1) Multiple drugs would be required to eradicate disease, 

2) That the tumor is genomically unstable (and thus genotoxic drugs may actually worsen an already volatile situation), 

3) That drug sensitive clones may re-emerge (thus explaining why seemingly drug resistant patients may later re-respond to the same drug: a phenomenon some have credited to new drugs but which seems more likely to represent clonal recrudescence)

To better understand these genetic events associated with disease progression and development of drug resistance we studied longitudinally collected samples from a single, high risk, t(4;14) MM patient at four time points. Samples included diagnosis, first progression on lenalidomide, second progression on bortezomib and plasma cell leukemia. WGS of 50bp fragment libraries provided >100x109 bases/sample and ~30X aligned coverage. From this analysis we identified 215 novel SNP variants (SNV) in 207 genes of which 125 were potentially damaging with 7 introducing nonsense mutation SNVs. Only 17 novel SNVs are common to all tumor time points and would be assumed to be driver events. Diagnostic and second progression shared 7 SNVs not found in the first relapse sample a finding which may lead to identification of true drug resistance (or sensitivity genes) and which supports the presence of multiple clones at diagnosis which may emerge or regress in clonal tides under treatment selection pressure. This data needs replicated in other patient samples but if true supports the use of drug therapies targeting multiple clones and challenges assumptions regarding refractory disease. Evaluation in a larger population is needed to confirm these findings. 

