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 1.1 Cancer 

 

The human body is made up out of trillions of cells (cell size illustrated in a movie). All of 
these cells have their own tasks to keep the body functioning correctly. This means that 
some cells are being renewed every couple of days, and others stay where they are for 
years. Despite the fact that cells from different organ systems can have very different tasks, 
they all have the same 3 billion deoxyribonucleic acid (DNA) base pairs. Although the DNA of 
each cell contains the same information, they can use different control mechanisms to 
prevent and repair damage. Damage to the DNA occurs thousands of times per cell per day 
due to endogenous and exogenous DNA-damaging factors or during cell division (1). Even 
though the cellular DNA repair system is very accurate (DNA repair explained in a movie), 
ǘƘǊƻǳƎƘƻǳǘ ŀ ǇŜǊǎƻƴΩǎ ƭƛŦŜǘƛƳŜ Ƴƻǎǘ ŎŜƭƭǎ ǿƛƭƭ ŀŎǉǳƛre changes somewhere in their DNA. 
Through these changes it can happen that one of these cells manages to acquire the 
properties to escape all control mechanisms to become a cancer cell: a cell that does not 
stop dividing and can grow into other tissues. To become a tumor, cells need to acquire 
characteristics that enable them to keep proliferating and invading, without being stopped 
by signaling in or outside the cell as summarized in the hallmarks of cancer by Hanahan and 
Weinberg (2, 3). The fact that they have updated their review to add more (emerging) 
hallmarks between 2000 and 2011 (figure 1.1), only shows that we are still in the process of 
increasing our understanding of how a cancer cell becomes (and stays) a cancer cell. 

 
Figure 1.1: (Emerging) hallmarks of cancer, adapted from Hanahan and Weinberg 2011 (2), 
with permission, © 2011 Elsevier Inc. Published by Elsevier Inc. 

https://www.youtube.com/watch?v=t4Tst9DZFPI
https://www.ncbi.nlm.nih.gov/pubmed/15123782
https://www.youtube.com/watch?v=vP8-5Bhd2ag
https://www.ncbi.nlm.nih.gov/pubmed/21376230
https://www.ncbi.nlm.nih.gov/pubmed/10647931
http://www.moniquedejong-research.eu/phd/wp-content/uploads/2013/04/figure-1.png
http://www.moniquedejong-research.eu/phd/wp-content/uploads/2013/04/figure-1.png
https://www.ncbi.nlm.nih.gov/pubmed/21376230
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 1.2 Head and neck cancer 

 

1.2.1 Definition 

The term head and neck cancer is used to summarize a group of tumors derived from cells in 
one of the following subsites of the upper aerodigestive tract: the oral cavity (mouth), 
oropharynx, nasal cavity, nasopharynx, hypopharynx, salivary glands and the larynx (figure 
1.2). Except for salivary gland carcinomas, all tumors are squamous cell carcinomas. In the 
remainder of this thesis, the nasal cavity, nasopharynx and salivary glands will not be 
included when head and neck cancer is mentioned. 

 
Figure 1.2: Head and neck cancer regions. 

1.2.2 Epidemiology 

Head and neck cancer is the 7th most common cancer worldwide (figure 1.3). Yearly over 
600,000 people are diagnosed with head and neck cancer and over 350,000 people die from 
it (4). The incidence is generally higher in developing countries (4). From the different 
subsites of head and neck cancer, cancer of the lip and oral cavity is the most common 
(44%), followed by cancer of the hypo-/oropharynx and larynx (figure 1.3). 
The highest incidence of head and neck cancer is in the age group between 55 and 70 years 
old (5). Head and neck cancers occur predominantly in men, with only 20-30% of all new 
patients in the US in 2017 expected to be female (calculated from table 1 in ref.(6)). 

http://www.moniquedejong-research.eu/phd/wp-content/uploads/2013/04/figure-2.jpg
http://www.moniquedejong-research.eu/phd/wp-content/uploads/2013/04/figure-2.jpg
https://www.ncbi.nlm.nih.gov/pubmed/21351269
https://www.ncbi.nlm.nih.gov/pubmed/21351269
https://seer.cancer.gov/archive/publications/survival/
https://www.ncbi.nlm.nih.gov/pubmed/28055103
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Figure 1.3: Incidence of all 14,067,894 cancer cases worldwide in 2012. Data plotted from 
GLOBOCAN 2012 data (website) (7). 

1.2.3 Etiology 

An estimated 75% of all head and neck cancers can be attributed to tobacco smoking and 
excessive alcohol consumption (8). Heavy smokers or drinkers have a higher risk to develop 
head and neck cancer, with respective odds ratios of 5 and 2 (9). For people that abuse both 
alcohol and tobacco, the odds ratio is almost 40, showing that the effect of both substances 
together is more than additive (8). Another important causative agent is infection with the 
human papilloma virus (HPV), especially subtype HPV16 (10). The virus produces 
oncoproteins E6 and E7, leading to tumor initiation. For all tumors the HPV prevalence rate 
is 26%, this is lower for cancer of the larynx and higher in oropharynx tumors (10). Although 
HPV infection is very common and in most cases does not lead to the development of 
cancer, the risk to develop an oropharyngeal tumor increases substantially with HPV16 
infection. When comparing patients with oropharyngeal tumors to a group of healthy 
controls, the HPV16 infection rate is 30-35% versus 0.5-1% in control groups (11, 12). This 
difference in HPV infection rates can be measured already ten years before the diagnosis of 
the oropharyngeal tumor (12). 

1.2.4 Methods to study a head and neck tumor 

There are many ways to study all characteristics of a head and neck tumor: from a simple 
look in the mouth to an array investigating all biological processes in a tumor (summarized in 
figure 1.4).  
 
Clinical examination 
Clinical examination is used to get an initial impression of the extent of the disease. For head 
and neck cancer this comprises mainly endoscopic examination of the tumor (youtube) and 
palpation of the tumor and regional lymph node stations in the neck. 

http://www.moniquedejong-research.eu/phd/wp-content/uploads/2013/04/figure-3.png
http://www.moniquedejong-research.eu/phd/wp-content/uploads/2013/04/figure-3.png
http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx
http://globocan.iarc.fr/Pages/references.aspx
https://www.ncbi.nlm.nih.gov/pubmed/3365707
https://www.ncbi.nlm.nih.gov/pubmed/17505073
https://www.ncbi.nlm.nih.gov/pubmed/3365707
https://www.ncbi.nlm.nih.gov/pubmed/15734974
https://www.ncbi.nlm.nih.gov/pubmed/15734974
https://www.ncbi.nlm.nih.gov/pubmed/23503618
https://www.ncbi.nlm.nih.gov/pubmed/23775966
https://www.ncbi.nlm.nih.gov/pubmed/23775966
https://www.youtube.com/watch?v=GMS8dEtfis4
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Figure 1.4: Methods to study a head and neck tumor. 

Imaging (13, 14) 
Ultrasound can be used in combination with a fine needle aspiration biopsy to assess tumor 
presence in cervical lymph nodes or assess depth of infiltration in oral cancer. Computed 
tomography (CT) scanning is often used to get an overview of the location of the tumor and 
possible cervical lymph nodes. It is routinely used to make segmentations to determine the 
extent of the radiation fields or measure tumor volumes. Magnetic resonance imaging (MRI) 
scanning is often used to get a better soft-tissue contrast and can be very helpful to visualize 
and delineate head and neck tumors. Additionally, different scanning protocols can be used 
to image different structures more clearly or study different tissue characteristics like 
diffusion or perfusion. 
Another method to produce functional images is positron emission tomography (PET): 
different molecules labeled with a positron-emitter, like fluorine-18 can be used. After 
injection into the body, the molecule of choice will distribute throughout the body. The best 
known PET tracer is fludeoxyglucose (FDG), glucose labeled with fluorine-18, used to study 
glucose uptake in different tissues, which can be used to detect (metabolically active) tumor 
cells. A clear advantage of PET scanning is the accrual of real-time biological information and 
the possibility to use a variety of molecules as PET tracer, depending on the process one 
means to study (15). Examples of tracers other than FDG, that are of particular interest in 
radiation oncology are thymidine labeled with carbon-11 to measure proliferation, FMISO 

http://www.moniquedejong-research.eu/phd/wp-content/uploads/2013/04/figure-4.png
http://www.moniquedejong-research.eu/phd/wp-content/uploads/2013/04/figure-4.png
https://www.ncbi.nlm.nih.gov/pubmed/16343366
https://www.ncbi.nlm.nih.gov/pubmed/25979394
https://www.ncbi.nlm.nih.gov/pubmed/22987087
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([18F]Fluoromisonidazole) and Cu-ATSM for hypoxia imaging and 99mTc-Labeled annexin to 
study apoptosis (16). 

Radiomics 
Apart from anatomical information, recently, different features acquired with these different 
imaging modalities have been shown to be useful as predictors of outcome (radiomics) (17, 
18, 19, 20, 21). The obvious advantage of radiomics is that multiple features can be 
extracted from standard CT, PET or MRI scans that are already part of the diagnostic or 
treatment process. The challenge is to correctly place relevant radiomics features in a 
biological context (21). 

Probing 
To obtain real-time information about a tumor, a probe can be used to make measurements 
inside a tumor. The best known are the Eppendorf pO2 measurements with an oxygen 
sensitive needle probe inserted into the tumor (22). Although this is an invasive technique, it 
does give access to real time measurements with the possibility to repeat measurements 
during treatment. 

Tumor biopsy 
When (part of) a tumor is taken out, the tissue can be studied in a variety of ways. The 
presence of the HPV virus can be determined on the biopsy material, tumor cells can be 
grown outside a patient, slices of tissue can be stained and viewed under a microscope and 
cells or pieces of tissue can be used to study the proteins, RNA or DNA of a tumor or even a 
single tumor cell (23). 

Pathology/Immunohistochemistry 
Slices of tumor can be fixed onto glass to study them under a microscope. Different staining 
protocols, using (fluorescent) dye labeled antibodies, can be used to visualize various 
markers inside or around tumor cells. This can also be done in a tissue microarray (TMA) 
format, meaning multiple small slices of tumors from different patients can be stained on 
the same slide. 

Grow cells outside the patient 
Cells can be grown in mice (xenografts) or in short- or long term 2D or 3D cultures. This 
allows researchers to multiply the tumor and to further study the mechanistics of the cells or 
ǘŜǎǘ ǘƘŜ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ǇƻǘŜƴǘƛŀƭ ǘƘŜǊŀǇƛŜǎΦ ! ƭŜŎǘǳǊŜ ƻƴ ΨǘƘŜ ƎƻƻŘ ŀƴŘ ōŀŘ ǿŀȅǎΩ ǘƻ Řƻ ǘƘƛǎ 
by Adrian Begg can be viewed here: Good and bad ways to assess treatment response . 

ΨhƳƛŎǎΩ 
How (cancer) cells behave is determined by the genetic information stored on approximately 
3 billion DNA bases, called the genome (24). A strand of DNA consists of a double stranded 
sequence of four bases: cytosine, guanine, adenine and thymine. Parts of the DNA can be 
stimulated to make copies to ribonucleic acid (RNA), a process called transcription. RNA 
consists of single strands of the bases guanine, uracil, adenine and cytosine, complementary 
to the transcribed part of DNA. Only a small part (about 1%) of the total DNA contains 
sequences with exomes (genes), that can be transcribed to messenger RNA (25). This form of 
RNA is translated to proteins, that will execute the desired actions in a cell (From DNA to 

https://www.ncbi.nlm.nih.gov/pubmed/18314068
https://www.ncbi.nlm.nih.gov/pubmed/22257792
https://www.ncbi.nlm.nih.gov/pubmed/26251068
https://www.ncbi.nlm.nih.gov/pubmed/23714730
https://www.ncbi.nlm.nih.gov/pubmed/24969789
https://www.ncbi.nlm.nih.gov/pubmed/27725679
https://www.ncbi.nlm.nih.gov/pubmed/27725679
https://www.ncbi.nlm.nih.gov/pubmed/11033187
https://www.ncbi.nlm.nih.gov/pubmed/28102262
http://www.youtube.com/embed/S3ptuFPLzk0
https://www.ncbi.nlm.nih.gov/pubmed/22965149
https://www.ncbi.nlm.nih.gov/pubmed/19684571
https://www.youtube.com/watch?v=gG7uCskUOrA
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protein in a movie). In total humans have around 20,000 genes (26) and even more proteins 
because of post-translational modifications (27ύΦ ¢ƘŜ ǎǳŦŦƛȄ Ψ-ƻƳƛŎǎΩ ǎǘŀƴŘǎ ŦƻǊ ŀ ƳŜǘƘƻŘ 
acquiring a lot of data about all genes in one experiment (LƴǘǊƻŘǳŎǘƛƻƴ ǘƻ ΨƻƳƛŎǎΩ ōȅ b!{!), 
which is possible on DNA, RNA and protein levels (figure 1.5). The simultaneous study of the 
whole genome (DNA) from one sample is termed genomics (28, 29, 30) (NASA explains 
genomics). Using new techniques to study the whole genome, all cancer-related mutations, 
translocations, amplifications and deletions can be examined and correlated with outcome 
or treatment response. Functional genomics studies what kind of processes are active in a 
tumor (cell) (31). Proteomics, the study of all proteins that are present in a tumor (cell), 
would presumably best represent what is occurring in that cell at a given time point. 
However, the study of all proteins in one sample is challenging and less sensitive than other 
approaches (27, 31). These other approaches include epigenetics, the study of manipulation 
of DNA to express certain genes, and transcriptomics, the study of messenger RNA that is 
translated to proteins (32, 33, 34) (NASA explains transcriptomics). For many genes there is a 
good correlation between messenger RNA and protein levels and an even better correlation 
between groups of messenger RNAs and certain biological processes. Still, messenger RNA 
does not always translate into protein. One of the reasons for this is the presence of 
microRNAs: small pieces of single stranded RNA (around 22 nucleotides) that can 
singlehandedly silence hundreds of genes (35). Almost 1,000 microRNAs have been 
identified so far, regulating at least 60% of all genes (36, 37). MicroRNAs regulate gene 
expression by binding to their (partly) complementary sequence on messenger RNA 
molecules, finally resulting in reduced protein production (38). MicroRNAs can reduce 
messenger RNA levels or directly reduce protein levels by translation inhibition, multiple 
modes of silencing seem to exist, that can be active at the same time (39, 40). 

 
CƛƎǳǊŜ мΦрΦ ΨhƳƛŎǎΩ ŀǘ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎΦ !ŘŀǇǘŜŘ ŦǊƻƳ ŎƘŀǇǘŜǊ но ό41) by A.C. Begg.  

Frequent genetic defects in head and neck cancer 
A median of 5 mutations per megabase was found in a group of head and neck cancer 
patients (42). Although no two tumors have the exact same genetic defects, there are some 

https://www.youtube.com/watch?v=gG7uCskUOrA
https://www.ncbi.nlm.nih.gov/pubmed/24939910
https://www.ncbi.nlm.nih.gov/pubmed/18314066
https://www.youtube.com/watch?v=m7X6mugpijQ
https://www.ncbi.nlm.nih.gov/pubmed/23589546
https://www.ncbi.nlm.nih.gov/pubmed/24560816
https://www.ncbi.nlm.nih.gov/pubmed/23589557
https://www.youtube.com/watch?v=LLac4OlvUeE
https://www.youtube.com/watch?v=LLac4OlvUeE
https://www.ncbi.nlm.nih.gov/pubmed/10866209
https://www.ncbi.nlm.nih.gov/pubmed/18314066
https://www.ncbi.nlm.nih.gov/pubmed/10866209
https://www.ncbi.nlm.nih.gov/pubmed/19015660
https://www.ncbi.nlm.nih.gov/pubmed/18703132
https://www.ncbi.nlm.nih.gov/pubmed/26996076
https://www.youtube.com/watch?v=19ef7dI8Yzc
https://www.ncbi.nlm.nih.gov/pubmed/15685193
https://www.ncbi.nlm.nih.gov/pubmed/18955434
https://www.ncbi.nlm.nih.gov/pubmed/15652477
https://www.ncbi.nlm.nih.gov/pubmed/16122423
https://www.ncbi.nlm.nih.gov/pubmed/22850425
https://www.ncbi.nlm.nih.gov/pubmed/18668040
http://www.moniquedejong-research.eu/phd/wp-content/uploads/2013/04/figure-5.png
http://www.moniquedejong-research.eu/phd/wp-content/uploads/2013/04/figure-5.png
https://www.crcpress.com/Basic-Clinical-Radiobiology-Fourth-Edition/Joiner-van-der-Kogel/p/book/9780340929667
https://www.ncbi.nlm.nih.gov/pubmed/23945592


Chapter 1 

 

 

17 
 

faults that are common amongst different head and neck tumors (43). It has to be stated 
that tumors caused by HPV do not possess all the same genetic alterations (44 ,45, 46, 47) 
and might be considered a different entity from tumors that are mainly caused by smoking 
and drinking (48, 49). Some of the most commonly described genetic alterations in head and 
neck cancers are in the p53, CDKN2A (p16), CCND1 (cyclin D1), epidermal growth factor 
receptor (EGFR), PIK3CA and NOTCH pathways (47, 50) as can be seen in figure 1.6. 
A loss or mutation of TP53 on chromosomal location 17p13 can lead to decreased apoptosis 
and increased proliferation. This is observed in about 50-80% of head and neck cancers (47, 
51, 52). The cyclin-dependent kinase inhibitor 2A (CDKN2A) gene produces p16, which 
inhibits CDK4 and CDK6 to prevent phosphorylation of the Rb protein, leading to inhibition of 
cell cycle progression from G1 to S-phase. In 80% of head and neck cancers the p16 protein 
is absent, mostly by deletion of the gene location of p16 on chromosome 9p21, which leads 
to increased proliferation. A study by van der Riet et al, showed that p16 was deleted in 70% 
of head and neck tumors (53). Cyclin D1, on the other hand, activates Rb, thus enabling the 
transition from G1 to S phase. An activating polymorphism of this gene was described in 25% 
of tumors (54), whereas the chromosomal region of this gene (11q13) was amplified in 20-
50% (43, 55). Another often described oncogene is the epidermal growth factor receptor 
(EGFR) located on chromosome 7p11, which is a regulator of tumor cell growth, invasion, 
angiogenesis, and apoptosis. This receptor shows overexpression in 40% of tumors (56). 
Reasons for overactivation of EGFR signaling can be the expression of mutant EGFRvIII (57) 
or an amplification of the EGFR gene (58). Not just EGFR, but other genes in the PI3K-AKT or 
RAS-MAPK can be deregulated, giving the same effect. More recently, inactivation of the 
NOTCH pathway has been found in head and neck tumors. Inactivation of this pathway could 
lead to loss of regulation of several processes like self-renewal capacity, cell-cycle exit, and 
survival (59, 60). 

Figure 1.6: Common alterations in 279 HNSCC samples and their role in the different 
ΨƘŀƭƭƳŀǊƪǎ ƻŦ ŎŀƴŎŜǊΩΦ tƛŎǘǳǊŜ ŀŘŀǇǘŜŘ ŦǊƻƳ Lawrence et al. (47) with permission according 
to Nature Publishing Group guidelines. 

https://www.ncbi.nlm.nih.gov/pubmed/21160525
https://www.ncbi.nlm.nih.gov/pubmed/15240783
https://www.ncbi.nlm.nih.gov/pubmed/16467079
https://www.ncbi.nlm.nih.gov/pubmed/25056374
https://www.ncbi.nlm.nih.gov/pubmed/25631445
https://www.ncbi.nlm.nih.gov/pubmed/26936027
https://www.ncbi.nlm.nih.gov/pubmed/23295808
https://www.ncbi.nlm.nih.gov/pubmed/25631445
https://www.ncbi.nlm.nih.gov/pubmed/27551333
https://www.ncbi.nlm.nih.gov/pubmed/25631445
https://www.ncbi.nlm.nih.gov/pubmed/18094376
https://www.ncbi.nlm.nih.gov/pubmed/12649174
https://www.ncbi.nlm.nih.gov/pubmed/8118798
https://www.ncbi.nlm.nih.gov/pubmed/18413827
https://www.ncbi.nlm.nih.gov/pubmed/21160525
https://www.ncbi.nlm.nih.gov/pubmed/16314836
https://www.ncbi.nlm.nih.gov/pubmed/16763281
https://www.ncbi.nlm.nih.gov/pubmed/16951222
https://www.ncbi.nlm.nih.gov/pubmed/17538160
https://www.ncbi.nlm.nih.gov/pubmed/21798893
https://www.ncbi.nlm.nih.gov/pubmed/21798897
http://www.moniquedejong-research.eu/phd/wp-content/uploads/2013/04/figure-6.png
http://www.moniquedejong-research.eu/phd/wp-content/uploads/2013/04/figure-6.png
https://www.ncbi.nlm.nih.gov/pubmed/25631445
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1.2.5 Staging 

Based on the spread and extent of the tumor, determined by clinical examination and 
imaging, patients are classified into different stage groups. Staging can then be used to 
select the correct treatment or make an estimation of the prognosis. The staging of tumors 
of the larynx, oropharynx, lip and oral cavity is done using the TNM AJCC Cancer Staging 
Manual, for this thesis the seventh edition was used, summarized in table 1.1. This edition 
has recently been updated to the eighth edition (61). 

 
Table 1.1: Staging of head and neck tumors. Summarized from AJCC Cancer Staging Manual, 
Seventh Edition (2010) published by Springer New York, Inc.  

https://www.ncbi.nlm.nih.gov/pubmed/28128848
http://www.moniquedejong-research.eu/phd/wp-content/uploads/2017/10/Table-1_1.png



