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About 32% of all deaths in the Netherlands can be attributed to cancer. While the 
absolute rate of deaths has been declining for other diseases, this has not been 
the case for cancer, unfortunately. Due to the aging population, the number of 
cancer deaths has only been increasing over the last decades.

Importantly, cancer really encompasses a large range of distinct diseases. 
For example leukemia (cancer of the blood) is a very different disease compared 
to prostate cancer. In this thesis we study two of the most common forms of 
cancer: breast cancer and colorectal cancer, which account for 14% and 13% of all 
newly diagnoses cancers, respectively. The obvious difference between these two 
types of cancers is the tissue where the cancer originated. However, also within 
each of these two cancer types large differences can be found. In breast cancer 
three major types can be identified based on the expression of the estrogen 
(ER), the progesterone (PR) and the HER2 receptors. These subtypes of breast 
cancer represent distinct biological diseases. For example, tumors expressing 
none of these three markers show a worse five year survival compared to tumors 
expressing the estrogen receptor. 

An alternative way to classify breast cancers employs mRNA expression, which 
results in a further subdivision and five different subtypes of breast cancer. In this 
thesis we compared these two subtype classifications and observed that while 
most subtypes are overlapping, the HER2-positive subtype showed poor overlap. 
Since the mRNA based method requires a normalization procedure that has a large 
influence on the final classification we believe the receptor based classification is 
more robust and hence we employed this classification for our further research. 

In the same study we have also investigated the difference in rates of response 
to preoperative, neoadjuvant chemotherapy treatment. We observed large 
differences in complete response rates, varying from 3% in ER-positive and HER2-
negative tumors to 45% in ER-negative and HER2-negative tumors. By knowing 
which patients are likely to respond to a given treatment, physicians will be better 
able to select appropriate treatment. Currently, such decisions are largely based on 
statistics over large groups of patients that appear similar in their tumor etiology. 
However, not only do breast cancers differ in their subtype classification, also within 
these classes can we observe differences. For example, some ER-negative tumors 
show a complete response, while other ER-negative tumors show no response to 
treatment at all, and many tumors fall in between these two extremes. We showed 
that even if we build predictors of response that are specific for a particular breast 
cancer subtype, response prediction performance is not better than when we 
combine all data. 

Given this heterogeneity in response, we hypothesized that multiple different 
mechanisms of sensitivity or resistance exist in breast cancer tumors. We 
developed a novel analytical method that was specifically designed to detect 
mechanisms of resistance that are only present in a subgroup of the tumors. This 
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method, called DIDS, outperformed traditional methods like the t-test, which are 
optimal for detecting markers that show differences between two groups while 
behaving homogeneously within the two groups. By applying this method to a 
series of cancer biopsies taken before chemotherapeutic treatment, and relating 
the subsequent response to treatment to the mRNA expression of these tumors, 
we were able to identify five markers of resistance that were also found in three 
external datasets. While it is too early to employ these markers in the clinic, 
further follow-up could lead to a better understanding of why tumors aberrantly 
expressing these markers respond poorly to treatment.

Clinical decisions need to be made at different time points in disease 
progression.  Patients that have a liver metastasis originating from a primary 
colorectal tumor can be scheduled for surgery or forego surgery, in which case 
a systemic treatment, such as chemotherapy, can be considered. This decision 
partly depends on the likelihood of the patient developing no recurrence or a local 
recurrence, versus a distant recurrence. In the first case surgery is the preferred 
option, while in the latter this is not likely to be beneficial. By applying a novel 
analytical package we developed to the copy number data of the primary tumor 
and the liver metastasis, we identified a region on the genome that is associated 
with the likelihood of a distant recurrence. If this finding could be confirmed, by 
following-up on these results with a larger patient series, clinicians will have a 
better way of deciding which treatment is optimal for a particular patient. 

These studies show that different data modalities, mRNA expression and DNA 
copy number data, can each contribute to our knowledge about the disease 
and its behavior. Combining different data types can lead to even more insights, 
as showcased by a recent large scale study on colorectal cancer that identified 
genes acting in the same pathway that were affected at different molecular 
levels. Combining different data types remains a challenge and even combining 
similar data types obtained through different techniques can prove non-trivial. 
We showed that by employing appropriate normalization strategies, it is feasible 
to combine data procured from differently handled tissue, either fresh frozen or 
formalin fixed and paraffin embedded. Failing to apply these normalization steps 
resulted in data that clustered by tissue handling, prohibiting a joint analysis.

Heterogeneity can exist at many levels. Above we discussed the heterogeneity 
between tumors from different organs, tumors originating from the same organ 
and samples derived from the same tumor but put through differing sample 
protocols. An additional level of heterogeneity can be found within a single 
tumor. Cancer can be seen as the Darwinian evolution of tumor cell populations 
where the fastest growing and most adapted to their environment will survive. 
This implies that multiple populations of cells exist within a tumor. 

In order to study this hypothesis, we deep sequenced four tumor pairs, where 
each pair consisted of a sample taken before chemotherapy treatment and one 
sample taken after treatment. During treatment, all tumor cells that were sensitive 
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to the treatment and were present in the sample before treatment will be killed by 
the treatment. By comparing the samples collected before and after treatment, 
we identified a number of genes that showed mutations that were enriched in 
the sample collected after treatment, implying that cells harboring this mutation 
survived the treatment and this population of cells had some form of resistance to 
treatment. Further analysis of these genes could lead to a better understanding 
of resistance mechanisms within a specific tumor. 

It could very well be the case that resistant populations (i.e. resistant to specific 
treatments) will be present in most tumors, implying that multiple sequential 
treatments will be necessary to fully eradicate the cancer and cure the patient. In 
this scenario cancer could become a chronic disease. However, this is contingent 
on our understanding of which tumor cell populations are resistant to which 
type of treatment and, consequently, the availability of alternative treatment. 
Constructing a catalogue of human tumors (and tumor cell populations) and their 
response to known treatments will enable a more personalized way of treating 
tumors and, ultimately, will lead to better patient care and survival.
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