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Abstract
Recent clinical trials have reported that alkylating agents, such as dacarbazine and temozolomide (TMZ) are effective in 10-15% metastatic colorectal cancer (mCRC)
patients. In a retrospective analysis of 105 mCRC patients enrolled in clinical trials with alkylating agents, we saw that O6-methylguanine-DNA- methyltransferase (MGMT,
the enzyme responsible for repairing drug induced DNA adducts), promoter methylation and protein status could identify a patient subgroup more likely to benefit from
these drugs. However, the time to progression of patients treated with alkylating agents was limited by the onset of resistance. In order to identify determinants of response
to these agents, we tested TMZ in a collection of 47 molecularly annotated CRC cell lines. We found that only cells displaying mismatch repair (MMR) proficiency as well
as promoter methylation and transcriptional silencing of MGMT were sensitive to the treatment. Sensitive cells were chronically exposed to TMZ until the emergence of
resistance occurred in seven out of ten models. We identified the mechanisms of acquired drug resistance to be either re-expression of MGMT and/or mutations in MMR
genes. Biopsies of eight patients, relapsing upon TMZ based regimen after a long lasting clinical benefit (>3 months), were analyzed for MGMT re-expression and for
exome or target panel next generation sequencing. These analyses confirmed the results found in preclinical models: five biopsies showed MGMT re-expression, two
demonstrated mutations in the MMR genes (i.e. MSH6 or MSH2), and one displayed a mutation in BRCA2. Interestingly, biopsies and cell lines in which resistance was
associated to alterations in DNA repair genes displayed increased mutational loads compared to pre-treatment samples. Despite the absence of the microsatellite switch
commonly found in MMR deficient driven cancer, follow up over time in absence of drug of a subset of resistant cell line models demonstrated that those which displayed a
mutation in the MMR had an accumulation of predicted neo-antigens, suggesting an increased immunogenicity. This work has implications for the design of future trials
incorporating TMZ as part of a multi-modality strategy for treating MGMT deficient and MMR proficient CRC.
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