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ABSTRACT

Optimizing cancer therapy in patients by genomics-based
characterization of DNA repair deficiencies in cancer
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DNA repair aberrations, such as homologous recombination (HR) repair deficiency can be effectively

targeted by synthetic lethality-driven therapeutic strategies. For example, PARP inhibitors provide

significant clinical benefit in breast, ovarian, prostate and pancreatic cancer, which are the solid tumor

types that most frequently have alterations in key HR genes. However, the frequency of HR deficiency

(HRD) in other solid tumor types, including bladder cancer, is less well characterized. Nucleotide excision

repair (NER) deficiency is another likely vulnerability of cancer, but it has not been fully exploited in the

targeted therapeutic setting for at least two reasons: (1) the lack of reliable diagnostic methods to identify

NER deficiency in tumor biopsies and (2) the lack of effective targeted therapies against NER-deficient

cases.

This thesis aims to address these limitations by using genomics-based approaches to analyze available

clinical and sequencing data from multiple bladder cancer cohorts. We used specific DNA aberration

patterns (mutational signatures) to identify HRD and to develop a composite mutational signature that is

characteristic of NER deficiency caused by ERCC2 mutations.

We found that a significant subset, approximately 10%, of bladder tumors showed the presence of

HRD-associated mutational signatures. Increased levels of HRD signatures were associated with promoter

methylation of RBBP8, which encodes CtIP, a key protein involved in HR. Importantly, patients with

HR-deficient tumors may benefit from PARP inhibitors, especially in the cisplatin-resistant or cisplatin-

ineligible patient populations. Furthermore, we validated the synthetic lethal relationship between tumor

NER deficiency and sensitivity to irofulven, a discarded anticancer agent. We showed that ERCC2-

mutant/NER-deficient bladder cancer cases harbor a specific mutational signature, which could be useful

for identifying patients likely to respond to NER-targeting agents, including cisplatin and irofulven. Our

results indicate that mutational signature-based approaches could be utilized as companion diagnostic

tools to inform patient stratification and targeted therapy decisions regarding bladder cancer.


