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Chapter 1

i 1.1 Cancer

The human body is made up out of trillions of cetlsli(size illustrated in a movieAll 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, @hédrs 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 infornma, 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 DdBinaging factors or during cell divisiobh).(Even
though the cellular DNA repair system is very accurBtsA repair_explained in a moyje
OKNRdzZaAK2dzi | LISNE2Y Qa ré ¢hdnGe§ sonm@vheveiritheir DAL &
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 fecome 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 shdwas we are still in the process of
increasing our understanding of how a cancer cell becomes (and stays) a cancer cell.

Sustaining Evading
proliferative growth
signaling suppressors

Resisting
cell
death

Enabling
replicative
immortality

Genome Tumor-
instability & _promoting
mutation inflammation
Inducing Activating
angiogenesis invasion &
metastasis

Figure 1.1: (Emerging) hallmarks of cancer, adapted from Hanahan and Weinberg2p011 (
with permision, © 2011 Elsevier Inc. Published by Elsevier Inc.

11


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

General introduction

i& 1.2 Head and neck cancer

1.2.1 Defintion

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 glantdthararynx (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.

~
Nasophar
=

 Not discussed in this thesis

Discussed in this thesis

Figure 1.2: Head and neck cancer regions.
1.2.2 Epidemiology

Head and neck cancer is th& Thost 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 countdgs Krom the different
subsites of head and neck cancer, cancer of the lip and oral cavity is the mmostoco
(44%), followed by cancer of the hwyuaropharynx and larynx (figure 1.3).

The highest incidence of head and neck cancer is in the age group between 55 and 70 years
old (). Head and neck cancers occur predominantly in men, with orHy020 of all new
patients in the US in 2017 expected to be female (calculated from table 1 i@))yef.(
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All cancers, incidence

W Lliver B Prostate m Stomach B Colorectum

® Head and neck ® Breast Lung Other

Head and neck cancer, incidence by subsite

W Llip, oral cavity ® Nasopharynx @ Other pharynx [ Larynx

40%

13%

Figure 1.3: Incidence of all 14,067,894 canceesavorldwide in 2012. Data plotted from
GLOBOCAN 2012 dateepsite (7).

1.2.3 Etiology

An estimaed 75% of all head and neck cancers can be attribtwebbacco smoking and
excessive alcohol consumpti@®). Heavy smokers or drinkers have a higher risk to develop
head and neck cancer, with respectivéds ratios of 5 and 2J). 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 additive8]. Another important causative agent is infection with the
human papilloma virus (HPV), especially subtype HPMI®. (The virus produces
oncoproteins E6 and E7, leading to tumor initiation. For all tumors the pi@Xalence rate

is 26%, this is lower for cancer of the larynx and higher in oropharynx tuh@rsAlthough

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 tusido a group of healthy
controls, the HPV16 infection rate is-38% versus 0:3% in control groupsld, 12). This
difference in HPV infection rates can be measured already ten years before the diagnosis of
the oropharyngeal tumorl2).

1.2.4 Methods to study a head and neck tumor

There aremany 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 initapression of the extent of the disease. For head
and neck cancer this comprises mainly endoscopic examination of the tymaiube) and
palpation of the tumor and regional lymph nedtations in the neck.
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Q
Uopewioput o

Figure 1.4Methods to study a head and neck tumor.

Imaging(13, 14)

Ultrasoundcan be used in combination with a fineadie aspiration biopsy to assess tumor
presence in cervical lymph nodes or assess depth of infiltration in oral caBoerputed
tomography (CT) scanning often used to get an overview of the location of the tumor and
possible cervical lymph nodes. Itr@utinely used to make segmentations to determine the
extent of the radiation fields or measure tumor volumétagnetic resonance imaging (MRI)
scanning is often used to get a better sbfisue contrast and can be very helpful to visualize
and delineatehead 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 ®sitron emissiontomography (PET):
different molecules labeled with a positreemitter, like fluorinel8 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), glucoskedabath fluorinel8, 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 -oifmeabiological information and

the possibility to use a vaittig of molecules as PET tracer, depending on the process one
means to study15). Examples of tracers other than FDG, that are of particular interest in
radiation oncology are thymidenlabeled with carboril to measure proliferation, FMISO
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([*®F]Fluoromisonidazole) and @@T'SM for hypoxia imaging affd"TcLabeled annexin to
study apoptosisi(6).

Radiomics

Apart fom anatomical information, recently, different features acquired with these different
imaging modalities have been shown to be useful as predictors of outcome (radiofics) (
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 plaelevant radiomics features in a
biological contextZ1).

Probing

To obtain reatime information about a tumor, a probe can be used to make measurements
inside a tumor. The best kwn are the Eppendorf pO2 measurements with an oxygen
sensitive needle probe inserted into the tum@2j. Although this is an invasive technique, it
does give access to real time nse@ements 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 cellseca
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 cellZ3).

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 insideor 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) rorshort or long term 2D or 3D cultures. This

allows researchers to multiply the tumor and to further study the mechanistics of the cells or
06Sad GKS SFFSOGA@SySaa 2F LRGSYGAFft (GKSNI LIAS
by Adrian Begg carelviewed hereGood and bad ways to assess treatment respaonse

WhYAOaQ

How (cancer) cells behave is determined by the genetic information stored on approximately
3 billion DNA bases, ¢adl the genome44). 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 toibonucleic 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 witlexomes (genes), that can be transcribed to messenger RBAThis form of

RNA is translated to proteins, that will execute the desired actions in akFzcelin(DNA to
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protein in a movi¢. In total humans have around 20,000 gen26) @nd even more proteins
because of postranslational modiftations 70 @ ¢ K $2 MMGFHFA E& M Y R& T2 NJ
acquiring a lot of data about all genes in one experimény/(i N2 RdzOi A2y §2 W2 YA
which is possible on DNA, RNA and protein levels (figure 1.5). The simultaneous study of the
whole genome (DNA) from one sample is termed genonfi@s 49, 30) (NASA explains
genomic$. Using new techniques to study the whole genome, all canelated mutations,
translocations, amplifications and deletions can be examined and correlated with outcome

or treatment response. Functional genomics studies what kind of processes are adiive in
tumor (cell) 81). 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
approachesZ7, 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 proteins32, 33, 34) (NASA explains transctgmics). 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. Oré the reasons for this is the presence of
microRNAs: small pieces of single stranded RNA (around 22 nucleotides) that can
singlehandedly silence hundreds of geneb)( Almost 1,000microRNAs have been
identified so far, regulating at least 60% of all gengs 37). MicroRNAs regulate gene
expression by binding to their (partly) complementary sequence on messenger RNA
molecules, finally resulting in reduced protein productid@B)( MicroRNAs can reduce
messenger RNA Vels or directly reduce protein levels by translation inhibition, multiple
modes of silencing seem to exist, that can be active at the same 8gnd().

LEVEL PROCESS ASSAY

Cell action: e.g. proliferate/migrate etc.

Post-translational
Protein modification Proteomics

MicroRNA
| g MicroRNA profiling

RNA mRNA TTTTTTTTTTITTTTT Transcriptomics/
expression profiling
Methylation ——]
10¢ SNP Methylation profiling
DNA

Genomics

Amplification/deletion [ERERRRARARENERD

CAIdZNE mModpd WhYAOaAQ G RATHPHYBE Begh.SOSt ad ! RI
Frequent genetic defecis head and neck cancer

A median of 5 mutations per megabase was found in a group of head and neck cancer
patients @2). Although no two tumors have the exact same genetic defebtyetare some
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faults that are common amongst different head and neck tumd®. (It has to be stated

that tumors caused by HPV do not possess all the same genetic alteratbtb (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 pathdvgy) as can be seen in figure 1.6.

A loss or mutation oT P53on chromosomal location 17p13 can lead to decreasedaysis

and increased proliferation. This is observed in abouB6% of head and neck cance4s (

51, 52). The cyclidependent kinase inhibitor 2ACDKN2A gene produces pl6, which
inhibits CDK4 and CDKG6 to prevent phosphorylation of the Rb protein, leading to inhibition of
cell cycle progrssion from G1 to-Bhase. 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 deletééoin 7

of head and neck tumor$8). Cyclin D1pn the other hand, activates Rb, thus enabling the
transition from G1 to S phase. An activating polymorphism of this gene was descrili& in 2
of tumors 64), whereas the chromosomal region of this gene (11g13) was amplified-in 20
50% 43, 55). Another often described oncogene is the epidermal growth factor receptor
(EGFR)ocated on chromosome 7pl11, which is a regulator of tumor cell growth, invasion,
angiogenesis, and apoptosighis receptor shows overexpression in 40% of tumb&. (
Reasons for overactivation of EGFR signaling can be the expression of mutant E&fyRvIII (
or an amplification of the EGFR geB&)( Not just EGFR, but other genes in BFi8KAKTor
RASMAPKcan be dereglated, giving the same efté More recently, inactivation of the
NOTCHhHpathway has been found in head and neck tumors. Inactivation of this pathway could
lead to loss of regulation of several processes likerseiéwal capacity, celtycle exit, and
survival b9, 60).

RTK/RAS/PI(3)K Cell death Immunity leferentlatlon OX|dat|ve stress
T I T I %) = = I
[z [o] EEE e EY e o )
HLA-A/B {
| EGFR || ERBB2 L FGFR1 || FGFR3 || IGFIR TNFR/ BOM NOTCH
Ti5% 6% [14% [ 3% [110%] 0% '12%11%‘4%10% LT8R 7%[11% 6% 2
| i=——] S CUL3
L 1 1' 1 1 T i 6%)] ]
HRAS PIKSCA PTE FADD [ ] Immunit KEAPT
]*( Hegiow)  (ezsiom y Sl
e — )
( ol
CASP8 TRAF3 NFE2L2
CCND7 |m|croRNA' g5 ([ .
CDKN2A let- 7c |
-4 e i) 11 L
aty TPGS CTNNB \/ s
NF-xB 1
HPV DNA:| ™7 L AJUBA
HPVE6/7 RB1 E2F1 MYC | 7%
(0o |ioos 'I 4% | 6% 19%] | | [1a%
TP53 Cell cycl Inflammanon
Cell cycle 3 —l Cll CYCIO . g
;-y-% and survival anglogenes|s Diff Oxidative
g 5 migration ifferentiation damage

Cases (%)

0

Inactivated Activated

=3 Activation

Frequency |— HPV(-) predominant
—I Inhibiti
HPV-negative H\PV-positive R 4

Figure 1.6: Common alterations in 279 HNSCC samples and their role in the different
WKEFEfYIFINJa 2F O y OlshEnde et al ividzapBmidsienlacdardng F N2 Y
to Nature Publishing Group guidelines.
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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 clasgfl 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 thisthesis the seventh edition was used, summarized in table 1.1. This edition
has recently been updated to the eidghedition ©1).

Primary tumor (T)

Tx Cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

Primary tumor (T) Larynx

T1  Supraglottis: 1 supraglottis subsite, mobile vocal cords
Glottis: T1a: one vocal cord, Tib: both vocal cords.
Subglottis: Limited to the subglottis

T2  Supraglottis: > 1 subsite of supraglottis or other region (e.g., glottis, tongue, vallecula)

no larynx fixation

Glottis: Supra- or subglottic extension, and/or impaired vocal cord mobility
Subglottis: Extends to vocal cord

T3 Limited to larynx with vocal cord fixation
Supraglottis: and/or invades: postcricoid area, preepiglottic space, paraglottic space,
thyroid cartilage

Glottis: and/or invasion of paraglottic space/ thyroid cartilage
T4a Invades through the thyroid cartilage (or cricoid in subglottis) and/or tissues beyond the
larynx

T4ab  Tumor invades prevertebral space, encases carotid artery, or invades mediastinal structures

Primary tumor (T) Lip/ Oral cavity/ Oropharynx

T1 <2cm

T2 >2cm,<4cm

T3 >4 cm. Oropharynx: >4 cm or in epiglottis

T4a Lip: invasion through cortical bone, inferior alveolar nerve, floor of mouth, or skin of face.
Oral cavity: invades adjacent structures only (e.g. through cortical bone, into deep muscle
of tongue, maxillary sinus, skin of face).
Oropharynx: invasion in the larynx, extrinsic muscle of tongue, medial pterygoid, hard
palate, or mandible.

T4b Invasion in pterygoid plates, skull base and/or encases internal carotid artery.
Lip/oral cavity: invasion in masticator space.
Oropharynx: invasion in lateral pterygoid muscle, pterygoid plates, lateral nasopharynx, or
skull base or encases carotid artery.

Regional lymph nodes (N)

Nx Cannot be assessed

NO No regional lymph node metastasis

N1 1 ipsilateral node, <3 cm

N2a 1 ipsilateral node >3 cm, < 6cm

N2b  Multiple ipsilateral lymph nodes

N2c Contralateral nodes

N3 Lymph node > 6 cm

Distant metastasis (M)

Mx Cannot be assessed

MO No distant metastasis

M1 Distant metastasis

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