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Project outline:

We work on the discovery of new anticancer drugs based on transition metals such as ruthenium and osmium amongst
others. We have established structure-activity relationships and successfully investigated their mechanisms of action for several
years. Ruthenium arene complexes, for example, have shown a high cytotoxic activity profile in a panel of human cancer cell lines.
Their mechanism of action seems to involve DNA as the primary target site, showing preference for purine bases, in particular
guanines. Emerging osmium compounds are promising drug candidates which also bind to DNA. The DNA targeting of these
complexes can be tuned to show a preference for guanine bases.

In addition to optimising drug design, we are fortunate to be able to carry out cell screening ourselves through
collaboration with the department of Biological Sciences.
Striving to overcome current chemotherapeutic drawbacks, including the emergence of drug resistance, we plan to design
cytotoxicity assays involving combinations of drugs with different mechanisms of action using our cancer cell lines.

We plan to investigate how a small selection of our complexes combines with a set of reference agents including, for
instance, cisplatin, a widely-used DNA damaging anticancer agent. Specifically, we aim at establishing whether selected
combinations of drugs individually acting via different mechanisms exhibit different cytotoxic effects when compared to these
agents alone. Does the order in which treatments are administered have any effect on the outcome? Do we observe either
significantly enhanced or reduced activity as a result of the combination?

We wish to create and validate dynamic models relating multiple dose levels and schedules to their observed levels of
cytotoxicity so as to explore rapidly possible synergistic or anti-synergistic effects of combinations of two or more drugs with
different mechanisms of anticancer action. The development of these models will include a phase of explorative data analysis
using non-parametric fitting of the observed relative cytotoxicity levels and non-parametric testing. These will provide overall
quantitative measures of evidence against a null hypothesis of no difference among the cytotoxic effects of the chosen drug
combinations. A second phase of the analysis will implement statistical pharmacokinetic (PK) models, such as dynamic dose-
response models, so as to provide a full probabilistic description of the relation between cytotoxicity and drug combinations.

The student will gain an appreciation of the relevance of the project, and the several factors affecting the statistical results
that the data will provide. To achieve this, the student will understand the way in which the cytotoxicity data are obtained, from the
preparation of the experiment, to every step of the protocol, to gaining the results and analysis of the data. Then, the student will
provide original contributions for the design and validation of the aforementioned statistical models for comparing the effects of
multiple dose levels and schedules of a combination of at least two drugs. The project has the potential to contribute to new cancer
therapies.
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