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the major limitations to improve the reliability of clinical proteomic studies nowadays are technological variability on Ms-based analytical chain combined with the lack of power induced from too small sample sizes. these sources of variation have to be modeled and taken into account into specific experimental designs, specific statistical signal processing and biostatistics analysis.

For the Maldi discovery mode, this will be achieved on the clipp platform on oncology studies through the generation of two main datasets. the first dataset will consist in control samples used to analyze the variability of each experimental step and to implement the modeling of the Maldi analysis chain. the generation of a simulated controlled study will allow the assessment of the gain of statistical power brought by the new methodologies and the new inversion algorithms. optimal experimental designs will be proposed. validation will include 2 data sets on 2 patient cohorts.

For the MrM validation mode, this will be achieved on the bioMérieux platform on a triple quadrupole mass spectrometer (abi 5500Qt). the study will be carried on a colorectal cancer model, and assess candidate proteins selected by bioMérieux. the MrM validation experiment will be designed to validate the srM and MrM 3 assay for multiplex quantitation of the protein panel. validation will include a data set on a patient cohort.
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Abstract Project description

to control the technological variability on Ms-based analytical chains for clinical proteomic studies, we propose to introduce a relevant hierarchical modelling of the Maldi, srM and MrM 3 chains within a bayesian statistical framework. the new bayesian hierarchical inversion algorithms will rely on the inverse problem methodology and on stochastic sampling algorithms to estimate the unknown biological and technological para-meters. the main deliverables will be 2 versions of bayesian hierarchical inversion software. For biostatistics, we propose to evaluate the statistical power of discrimination test in the developed bayesian framework and to deliver a biostatistics guideline report. evaluation will be carried on synthetic and patient samples within oncology and colorectal cancer studies. the general scientific and economic goals are to improve the efficiency of the discovery, validation and marketing of protein biomarkers. Mass spectrometry (Ms) based studies significantly shorten the delay with respect to standard immunoassays approaches and give directly access to multidimensional biomarker profiles. however, only few clinical proteomic studies using Ms technologies led successfully to the identification of new robust markers calling questions about the reproducibility of Msbased proteomics. two major crucial parameters have not been taken into account in current studies: the ratio between technological and biological variability and the concept of statistical power. For a fixed number of patients, the technological variability has to be decreased in order to increase the statistical power of the studies. we propose to control the technological variability thanks to an innovative adaptive bayesian statistical inversion algorithm for recovering the protein content and the clinical status of the sample.

Scientific & Economic Goals objectives

• to increase robustness of discovery and validation studies on a Maldi platform (clipp) and a srM/ MrM 3 platform (bioMérieux) by controlling technological variability • to design a bayesian framework combining hierarchical mixture models, probability distributions, and stochastic sampling inversion algorithms

• to evaluate the statistical power of discrimination test • to study synthetic and patient sample cohorts in oncology and colorectal cancer • to combine in a single research project bayesian inversion, biostatistics, and proteomics platforms the new bayesian hierarchical inversion algorithms will rely on two advances:

• the first one consists in designing instrument model including together physical phenomenon involved in the measurement process. it yields the statement of direct model and probability distributions involving relevant parameters and organised in a hierarchical structure. • the second challenging task is related to the construction of an inversion procedure. the proposed strategy relies on bayesian statistics and the exploration of the a posteriori law will be achieved thanks to Monte carlo Markov chain sampling algorithms to compute the mean of the a posteriori distribution for continuous variables such as the protein quantity and technological parameters, or the maximum of the a posteriori distribution for discrete variables such as the sample class label.

biostatistics analyses of Maldi data will be divided in 3 steps. the first one will focus on the analysis of measurement variability and measurement accuracy comparing the usual approach and the bayesian inverse algorithm. the usual approach is based on peptide peak area computation, pre-processing for noise and baseline removal, and post-processing for batch effect correction. the second one will analyse how the decrease of measurement variability obtained using the bayesian inverse algorithm improves the power of clinical studies designed to identify biomarkers. the third step will provide an illustration analysing the whole data and sub-samples of the data. results obtained using the usual approach and the bayesian inverse algorithm will be analysed, and a comparative power analysis of the two approaches will be performed. biostatistics analyses of MrM data will be divided in 2 steps. the first one will focus on the analysis of measurement variability and measurement accuracy comparing the usual approach and the bayesian inverse algorithm. the second one will analyse how the decrease of measurement variability obtained using the bayesian inverse algorithm can improve the power of clinical studies designed to validate biomarkers. 

Deliveries

Figure 1 :

 1 Figure 1 : clipp platform : Maldi toF mass spectrometer (brucker, Xtreme)

  Figure 2 : bioMérieux platform : liquid chromatograph (dionex, ultimate 3000) and srM/MrM3 triple quadrupole mass spectrometer (absciex, abi 5500Qt)
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