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Summary

The coming century is surely the century of data. Rapid advances in biotechnology
and life science made it possible to collect and process genomics data of all kinds,
on scales unimaginable a few decades ago. Different molecular data profiles pro-
vide a different, partly independent and complementary molecular fingerprint of a
tissue. The challenge, however, is no longer how to generate the genomics data,
but rather how to analyze these. This dissertation aims at contributing to solve
such analysis problems for data in the context of cancer genomics.

Two important topics in the field of bioinformatics, data integration and charac-
terization of cancer heterogeneity, are the focus of this dissertation. It is composed
of three parts. In the first two parts, we propose a general framework for data
integration for the purpose of cancer genotype classification and clustering. The
motivation to write these two parts stems from the fact that the biological insight
harvested from either one of the individual data types is often limited. Our goal is
to address the spurring need for integration of diverse data measured on the same
individuals. In the third part of this thesis we discuss the potential of exploring
cancer heterogeneity in clinical applications.

Chapter 1 aims at discussing some general background on the topics discussed
in the thesis. This chapter serves mean of helping the reader approach the remain-
ing chapters (Chapters 2 and 3) with more ease. In Chapter 2 existing integrative
classification methods are studied and a novel integrative classifier that is designed
to combine commonly available patient clinical risk factors with genomics data is
introduced. The proposed approach, called stepwise classifier, addresses the major
shortcoming of existing approaches: the requirement to measure genomics data
for all patients. This may make the setting costly, impractical or inefficient. The
stepwise classifier, however, requires genomics data to be available for a subset of
patients only, namely for those that are predicted to benefit the most by measuring
their molecular profiles. From the research application perspective, this approach
is appealing. In Chapter 3 the R-BioConductor package stepwiseCM, which im-
plements the cost efficient stepwise classification strategy introduced in Chapter
2, is presented. This package, with many easy to use functions and an elaborated
vignette, can be a useful tool in research applications where, next to accuracy,
efficiency is an important goal.

Part II is composed of Chapter 4 and 5. In Chapter 4 we introduce a data
driven, rather than heuristic, and semi-supervised rather than fully unsupervised,
cluster extraction framework from a hierarchical clustering (HC) tree. This method
integrates genomics data with background information to tease out a meaningful
clustering from the HC tree. No restriction is placed on the type of background
information that can be used. This can be (partial) labels of samples, another type
of genomics data, or patient outcome data, such as survival. The ability to ac-
commodate the patient outcome data without discretization makes our approach
stand out among its competitors. Furthermore, we extended the application of the
proposed approach to optimal treatment assignment. We show that our method
significantly improves treatment assignment compared to the original assignment.
Hence, this approach fits very well within the individualized medicine paradigm.
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The R-BioConductor package HCsnip and the corresponding manual form the con-
tent of Chapter 5. This package implements the semi-supervised HC tree snipping
framework presented in Chapter 4.

Chapter 6 introduces a clinical study in which a subset of patients with oe-
sophageal adenocarcinoma (OeC) recruited into the esophageal cancer trial (OEO2)
is investigated. The OEO2 trial is a randomized trial in which one of the two
following treatments was randomly allocated: surgery alone or, prior to surgery,
two cycles of a combination cisplatin and fluorouacil. This trial was designed to
evaluate whether preoperative chemotherapy followed by surgery (CS) improves
survival compared to surgery alone (S) and to determine molecular differences
between the two groups. We first applied the semi-supervised clustering method
presented in Chapter 4 to unravel clusters that are associated with patient clinical
outcome. Then, intratumor genomic heterogeneity in this study was characterized
In particular, we studied whether the intratumor heterogeneity, as measured by
genomic entropy, is different before and after cytotoxic chemotherapy, and is asso-
ciated with OeC patient survival. We found that (i) the DNA copy number entropy
is not simply a surrogate of some other pathological variable; (ii) the two patient
groups (CS versus S) have differential genomic intratumoral heterogeneity; (iii)
the between-tumor heterogeneity is smaller in the CS group compared that of the
S group. We conclude that because of (tentative) molecular effect of chemother-
apy OeCs after chemotherapy tend to have DNA copy number profiles in which
the aberrations were found more frequently at relatively similar locations making
them more homogenous as measured by the DNA copy number entropy compared
to chemo-näıve OeCs. To our knowledge, this is the first study to show that cyto-
toxic chemotherapy appears to effect the tumour genotype (DNA copy number) in
cases where changes in the histological phenotype were not visible to naked eye.

To sum up, in this thesis we have developed general frameworks for integra-
tive classification and clustering, where commonly available patients clinical risk
factors and high-dimensional genomics data are appropriately combined. Instead
of limiting ourselves to very specific topics, we took different perspectives. First,
we focused on practical integrative classifiers. We developed a cost-effective (and
possibly more patient-friendly) integrative classifier, which performed at least as
well as alternative integrative classifiers. Second, we proposed to snip the HC tree
at variable heights to extract clusters while using available patient clinical data
as guidance. It is a semi-supervised approach that is able to generate meaningful
clusters. Aforementioned integrative approaches are quite general. Although the
integration of clinical and genomics data is the primary focus of this thesis, ap-
plication to combinations of two types of genomic data, or even multiple types of
data is usually feasible under our integration frameworks. Third, we proposed to
quantify intratumor heterogeneity via genomic entropy, and use it to examine the
association with patient survival. To our knowledge this is the first study to use
genomic entropy in a clinical study. All our methods have been implemented in
R-(Bioconductor)-packages, which together form our contribution to cancer bioin-
formatics.


