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Tons of data are being generated from genome sequencing 
projects all over the world, and the opportunities for collecting 
relevant information and building a solid knowledge base  
are beyond imagination.
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The rapid development of technologies for deep  
sequencing of DNA and RNA that emerged during  
the past decade has transformed biomedical research 
and paved the way for unprecedented opportunities in 
genomic medicine. Now, the complete genetic volume 
of an individual or an individual’s unhealthy cells or 
tissue, can be recorded in a matter of days. 

E very feature that gives rise to some specific traits, and 
every mutation that can cause disease at some point 

during the lifespan of a human being. Since the completion 
of the first draft reference sequence of the human genome 
at the turn of the century [1, 2], large efforts have been made 
to identify and catalog the large number of possible genetic 
alterations that accumulate and may lead to cancer, and to 
separate potential cancer-causing mutations from natural 
variation across the population [3]. As medicine now enters 
a new digital age, scientists from several fields are joining 

forces, trying to analyze the massive, and often overwhelming, 
body of information that is currently being revealed. With 
large progress being made on the technical laboratory side, 
the challenge is now how to transform all of the numbers and 
genome sequences into improved and more personalized 
cancer treatment. Tons of data are being generated from  
genome sequencing projects all over the world, and the  
opportunities for collecting relevant information and building  
a solid knowledge base are beyond imagination. If the infor-
mation gained from deep sequencing of large patient cohorts 
can be turned into biomarkers, new drugs, and a more  
customizable treatment framework, recent genomic advances 
will ultimately represent a breakthrough in cancer medicine. 
However, as big data arrives in the clinic, so do a number of 
new challenges, from many different departments.

TAILORED CANCER TREATMENT
No two cancers are the same, and one major weakness  
in today’s treatment regime is that patients with cancer in 
the same organ in general are offered the same line of  
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medication, even though the cancers may be caused  
by completely different molecular mechanisms. In fact,  
several different cancer types can initiate in the same  
organ, so based on the genetic composition of the cancer 
cells, patients may respond very differently to the same set 
of drugs. One of the big goals in recording and charting all of 
the numerous mutations that accumulate in cancer cells, 
is improved molecular stratification of different patients 
groups, and thus being able to offer each patient a more  
precise treatment which is compatible with his or her  
cancer’s particular mutation spectrum.

In the Department of Molecular Oncology at Oslo University 
Hospital, Radiumhospitalet, tumor biopsies and associated 
clinical data from patients with colorectal and prostate cancer 
have for years been systematically collected, awaiting future 
high-throughput analysis methods. Recently, DNA samples 
from 166 colorectal cancers and 150 prostate cancers 
have been subject to full exome sequencing, meaning that 
all 22,000 protein coding genes have been studied down 
to their individual nucleotide sequences. This has in part 
become possible through our involvement in the Norwe-
gian Cancer Genomics Consortium (cancergenomics.no), 
a national initiative aiming to implement genomics for im-
proved cancer treatment. As of today, only the international 
pan-cancer effort of The Cancer Genome Atlas (TCGA) have 
produced a larger set of deep sequencing data from patient 
material of colorectal and prostate cancers [4]. To increase 
our understanding of the complex molecular mechanisms 
underlying each cancer, somatic mutations identified from 
these projects will be integrated with other levels of data, like 
changes in DNA copy-number and gene expression.

The latter has been a focus in our research for a while. We have 
since 2009 implemented both wet-lab and computational 
protocols for genome-scale analysis of all RNA in cancer  
samples. Despite large efforts over many years, there is still 
high demand for better biomarkers in almost all cancer types. 
One important group of biomarkers can be used to separate 
tumor cells from normal healthy tissue. In particular, we have 
focused on identification of variants of RNA molecules which 
are only produced by cancer cells, and as such can be used  
for improved methods to detect cancers, or as cancer-specific 
targets for therapy. One such type of RNA is the fusion tran-
scripts, composed of sequences belonging to two individual 
genes. We have already used the new genomics tools to reveal 
cancer-specific features in colorectal [5, 6] and testicular  
cancer [7], and we have similar unpublished results from 
prostate cancer.

COMPUTATIONAL INFRASTRUCTURE
Prior to the development of high-throughput technologies, 
genotyping was a tedious process, and detection of DNA 
mutations in human cells could only be performed on 
individual loci, typically in specific mutation hotspots within 
known cancer-critical genes. In the post-genome era, 
however, the tables have turned, and what once took years 
is possible to accomplish in just a few days, and at much 

higher resolution. The bottleneck now is rather on the pro-
cessing side, where all findings need to be properly analyzed, 
understood and put into meaningful biological context.

In this new medical science, computing power and capacity 
is constantly challenged by increasingly larger data sets. 
Having sufficient infrastructure in terms of storage capacity 
and computational power is absolutely essential if we are 
to utilize the potential that is hidden in the vast amounts of 
genetic data that is currently being made accessible.  
In 2012, the Abel computer cluster was opened at the  
University of Oslo, providing centralized computational 
services for the Norwegian research community. Abel is a 
shared resource for high-performance research computing, 
and is widely used in medical research. We access this 
resource in our research through current allocations from 
Notur. So far, the Notur infrastructure has been crucial in for 
example our fusion gene detection projects where we have 
included large and publicly available sets of RNA data.

For genome-scale sequencing data from local patient 
cohorts, a similar secure service aiming to protect sensitive 
data was established in 2014. Building on experiences from 
Abel, the new system not only provides storage space  
and computational resources, but also complies with the 
national legislations concerning research on sensitive data. 
With more research groups and laboratories coming into  
the field, it has been crucial to establish a centralized system 
for appropriate handling of patient data. These much-awaited  
Services for Sensitive Data provided by the Center for 
Information Technology (USIT) at the University of Oslo, has 
proven to be a decisive part in the cancer research taking 
place in our department lately.

On the software side, increased informatics competence 
is needed to establish analysis pipelines for transforming 
digital signals into meaningful information. Medical research 
is one of the fastest growing fields of big data science, but 
data sharing is still suffering from a lack of common scalable 
frameworks and interfaces. While researchers in many other 
fields increasingly are turning to cloud computing, the lack 
of interoperable methods for representation and exchange 
of genomic data in a distributed computing environment 
is still a great barrier. Genomic data formats were created 
prior to the massive high-throughput revolution and need 
to be developed and modified further along with more 
comprehensive application programming interfaces (APIs) to 
facilitate effective and responsible methods for submitting 
and querying genomic data.

METHODOLOGY
Analysis of large-scale DNA and RNA sequencing data 
represents a rather new and immature field of research, so 
best practice workflows and pipelines are still in the process 
of being established. For DNA sequencing analyses, software 
tools created at the Broad Institute in Boston have become 
sort of a gold standard over the past few years. Among the 
applications they have developed for exome sequencing 
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analysis is The Genome Analysis Toolkit (GATK) for the first processing of 
the raw data from the sequencing instrument, MuTect for calling single 
nucleotide variants, including mutations, Oncotator for annotation, and 
MutSig for assessing the significance of the detected mutations. The 
basic foundation of these programs is a three-way comparison where 
the samples from tumor and normal tissue are compared to the human 
genome reference sequence. Depending on the type of problem and aim, 
however, several other methods and pipelines can be applied. For RNA 
sequencing data, the most common approach has been to follow the 
Tuxedo protocol, a pipeline specifically designed for transcript analysis, 
including for instance TopHat for read alignment and splice site discovery, 
and Cufflinks to test for differentially expressed genes. As sequencing 
cost has decreased substantially, and more groups are entering the field, 
several new software packages and algorithmic approaches have been 
developed. Thus, the set of tools that might be applicable for a particular 
set of data has increased considerably during the last few years. Never-
theless, creating an optimal algorithmic pipeline that is both sensitive 
and specific enough for a particular set of data is still a challenge. Also, 
cancers are very much heterogeneous, and different cancer types are in 
general driven by different set of mechanisms. Consequently, tools that 
perform well when applied to one specific type of cancer do not necessarily 
detect common characteristics shown in other cancer types.

 
TECHNOLOGICAL PROGRESS RAISES ETHICAL QUESTIONS
In addition to pure technical issues, progress in big data science entails 
important challenges in many other areas. Ethical, social, and legal 
infrastructure needs to be addressed to properly manage the large body 
of sensitive patient information that is currently under way. Technological 
progress in genomics has brought about important advances in appli-
cations that are far beyond the scope of biology and medicine. However, 
even though high-throughput genetics has revolutionized industries like 
forensics and medical science and the application of DNA technology is 
about to be implemented in an increasing number of fields, we need to 
give ethical challenges their due consideration, both in research and in 
the clinic. Privacy legislation needs to be implemented carefully, and as 
sequencing data is still defined as highly sensitive material, extra care 
and precaution must be taken upon dealing with such vital information, 
avoiding data coming astray. As genomics begins to integrate into health-
care, ethical issues like whether incidental findings should be returned 
to the patient will eventually challenge current procedures. Numerous 
secrets are hidden in the sequences of DNA, secrets that not everybody 
might want to know, and least not share. As big data science is about 
to change the way we see the genomic landscape, the opportunities 
in implementing routine management of cancer treatment are beyond 
imagination. However, several challenges remain to be addressed before 
large-scale genomics data can be applied successfully in the clinic.
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