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Outlook

We have discussed some aspects of the analysis of clinical proteomics data.
By tailoring the data analysis method (Chapters 6 and 7) it is possible to find
effects in the data that would otherwise remain hidden. The combination of
cross validation and permutation testing forms a thorough statistical valida-
tion which creates a solid foundation to continue developing differences be-
tween patient groups into clinically valuable biomarkers. Nevertheless, there
remain many open issues regarding the analysis of proteomics data and we
discuss some of those here. These issues are the subject of ongoing and fu-
ture research. We briefly touched upon the issues of power calculations and
increasingly complex data sets at the end of Chapter 2. In this chapter we
elaborate on these issues.

Power calculations

Power calculations provide the relationship between sample size, effect size
and the power of a statistical test. When the effect size is known or estimated,
the sample size can be calculated given the power desired. An appropriate
sample size, not too many or too few, gives rise to effective experimental de-
signs at controlled costs. For clinical proteomics and other omics disciplines
power calculations are not standard procedure. The reason for this is twofold.
First, in clinical proteomics studies the effect size is usually unknown. The
search for differentially expressed proteins is performed in a shotgun ap-
proach. Whether differentially expressed proteins will be measured and, if
so, how large an effect can be expected is not known beforehand. Estimates
for these could probably be obtained from pilot studies with 5-10 observa-
tions per class.159 The second problem stems from the high-dimensionality of
the data. While power calculations are well developed in univariate analy-
sis, results for multivariate data are very limited. Recently some results have
been obtained for multiple testing problems102,159,160 using the (local) false
discovery rate.22 However, the issue is still open for high-dimensional data.
Computer simulations using biological knowledgemight be a good approach.
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Increasing complexity of data sets

The improvement in mass spectrometry technology and the development of
hyphenated techniques, for example liquid chromatography coupled to mass
spectrometry (LC-MS, see for example Chapters 6 and 7) leads to ever more
complex data sets. Different platforms and different measuring parameters,
e.g. different columns, allow for measuring different parts of the proteome.
Integration of the resulting data can be achieved at several levels. The data
sets may be combined to form one larger set in which they are analyzed to-
gether. Alternatively, each set is analyzed separately and the results are com-
bined to give an expanded view. Another form of increasingly complex data
sets results from the integration of different types of ’omics’ data, for exam-
ple gene expression and proteomics data. The findings in one data set can be
used to confirm findings in the other, or together they can bring to light new
discoveries.3 The best method for fusing data sets remains a topic for future
research.

Towards clinical use

The goal in clinical proteomics research is to find protein markers that are of
clinical use, for example in population screening programs. Finding a protein
that is differentially expressed in one experiment does not necessarily trans-
late to a clinical application. Pepe identifies several phases of development
for markers intended for population screening.1 The work presented in this
thesis could be considered first phase studies where many leads are discov-
ered and prioritized. Between this phase and actual use as a screening tool
lie the phases of clinical assay development and evaluation. A challenge in
these phases is setting acceptable thresholds for type I and type II errors (false
positives and false negatives). A type I error means unnecessary psycholog-
ical burden for the person tested falsely positive. In population screening, a
test with a high type I error results in many costly follow-up procedures that
would not have been performed without the screening programme. On the
other hand, a high type II error leads to many people being falsely reassured.
A good screening tool strikes an acceptable balance between the two.


