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GENERAL INTRODUCTION

Cancer of the head and neck
Head and neck cancer is the seventh most common cancer worldwide with an incidence 
of 600.000 cases per year [1]. These head and neck tumours mainly arise from the epithelial 
layers of the upper aerodigestive tract resulting in more than 90% squamous cell carcinomas 
(HNSCC) [1]. Other malignant tumours like adenocarcinomas, melanomas and lymphomas 
are less common in the head and neck area [2]. The upper aerodigestive tract includes the 
anatomical locations of the oral cavity, pharynx, larynx and the mucosa of the lip (Figure 
1A). HNSCC is provoked by random (epi)genetic aberrations that, in the majority of the 
cases, are caused by smoking or heavy alcohol consumption. Tobacco and alcohol use have 
a synergetic effect, i.e. the combination of smoking and alcohol consumption resulted in a 
higher risk of developing a HNSCC than the sum of the individual effects [3]. Other etiological 
factors for HNSCC are human papilloma virus infection, which is almost completely restricted 
to base of tongue and tonsil tumours [4], Epstein-Barr virus infection in nasopharynx 
tumours [5] and ultraviolet light exposure (sunlight) for the lower lip tumours [6]. Betel nut 
can induce carcinogenesis and is especially an important etiological factor for oral cancer 
in Asian cultures, where chewing betel quid is popular [7]. A higher incidence of HNSCC is 
also seen in the elderly [8]. The role of chronic inflammation, such as oral lichen planus, in 
HNSCC is not completely understood, but data suggest that patients with these chronic 
diseases might have a higher risk of malignant transformation of involved epithelium [9]. 
Treatment protocols differ between anatomical locations of HNSCC, e.g. oral cavity tumours 
are primarily treated by surgical resection of the tumour, while pharyngeal tumours have 
radiotherapy as primary treatment. The different anatomical locations, etiological factors 
and treatment protocols demonstrate the heterogeneity of HNSCC.

Squamous cell carcinoma of the oral cavity 
Oral squamous cell carcinoma (OSCC) is the most frequently diagnosed subtype of HNSCC 
[2,10]. In 2018, the incidence in the Netherlands was 967 new cases for OSCC [11]. Most 
affected oral cavity side is the lateral tongue, followed by the floor of the mouth. In general, 
OSCCs metastasize first to lymph nodes in the cervical neck levels I-III (Figure 1B), thereby 
following the lymphatic drainage patterns, before metastasizing to lymph nodes in other 
neck levels or further down in the body [12] or haematologically to other organs as lung, 
skin and liver [13]. Metastasis to cervical neck levels is known as regional metastasis, while 
spread of tumour cells to other parts of the body is known as distant metastasis. Primary 
treatment with curative intent of OSCCs consists of surgical resection of the tumour. In case 
of a clinically positive lymph node or high chance of lymph node involvement (defined as 
>4 mm tumour infiltration depth), tumour resection is combined with a neck dissection. 
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Histopathological assessment of the tumour resection specimen enables patient selection 
for adjuvant treatment in cases with unfavourable pathological features. Surgery is often 
followed by radiotherapy in patients with an intermediate risk for recurrences defined 
as lymphovascular or perineural invasion, close surgical resection margins (1-5 mm), 
pT3-T4 staged tumours or a ≥pN1 lymph node status [14,15]. Postoperative radiotherapy 
is combined with chemotherapy in cases with a high risk for local, regional or distant 
recurrence what is defined as positive surgical resection margins (less than 1 mm tumour 
free margin), multiple positive lymph nodes or extranodal extension [14,15]. Surgical re-
resection is an option in cases with close or positive tumour resection margins for local 
control with curative intent. Despite surgical resection and adjuvant therapy based on the 
pathological features, curative treatment is still a challenge and reflected in the overall 
survival (OS) that only improved six percent in the Netherlands from 56% in 1989 to a 62% 
five-year OS in 2012 for OSCC in general [11,16]. Two important challenges affecting the 
survival in OSCC are studied in this thesis: first, the detection of occult metastasis using 
the sentinel lymph node biopsy or molecular tumour biomarkers in early stage OSCC. And 
secondly, the detection of local recurrences and second primary tumours using molecular 
tumour biomarkers in saliva.
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Figure 1. Head and neck locations. The main anatomical locations of head and neck cancer (1A) 
and the six cervical neck levels with four sublevels (1B). Oral cavity tumours metastasize mainly first to 
lymph nodes located in level I-III. 

[A: Adapted from Gibcus 2008 with permission, B: Copyright © Koos Boeve, UMCG, 2019 Groningen].
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CHALLENGE 1: DETECTION OF OCCULT METASTASIS IN 
EARLY STAGE (cT1-2N0) OSCC 

Clinical neck staging has been extended in the last decades from mere physical examination 
by palpation to imaging of the neck by Computed Tomography (CT), Magnetic Resonance 
Imaging (MRI) and followed by Ultrasound guided Fine Needle Aspiration Cytology 
(USgFNAC) in case of suspicion for lymph node metastasis [17]. Despite this evolution 
in neck staging, still 23-37% of the early stage (cT1-2N0) OSCC patients are diagnosed 
with occult metastases [18-20]. Occult metastasis means that these metastases were not 
detected clinically, and thus defined as ‘clinically negative neck’, but postoperatively by 
histopathological examination or present as late metastasis after treatment of the primary 
tumour has been completed. Conventionally two strategies were available for patients with 
a clinically negative neck: frequent clinical examination of the neck (known as watchful 
waiting) or an elective neck dissection (END). In the eighties of the last century, neck levels 
I-V (Figure 1B) were dissected during an END, which was later restricted to levels I-III. A level 
I-III END is also known as a ‘selective neck dissection’ (SND) [12]. With the END, 63-77% of 
the patients are overtreated and risk postoperative morbidities such as loss of shoulder 
function or lymph oedema [16]. Using watchful waiting as neck strategy will result in occult 
metastasis detection at a more unfavourable stage [21]. Overtreatment with ENDs and late 
detection in case of watchful waiting are major limitations for these two conventional neck 
strategies and were reasons to search for individual selection for a neck dissection. Tumour 
infiltration depth is one of these well-studied predictive variables for lymph node status and 
survival and was incorporated with a 4 mm cut-off in treatment protocols to select patients 
for an END instead of watchful waiting [22,23]. The predictive value of tumour infiltration 
depth resulted in incorporation in the 8th edition of the pTNM classification with 5 mm and 
10 mm cut-offs (pT1 ≤5 mm, pT2 5-10 mm, pT3 <10 mm, Table 1). 

Table 1. Differences between the 7th and 8th AJCC pathological T-classification

T category 7th TNM: tumour diameter 8th TNM: tumour infiltration depth added

T1 ≤2 cm ≤5 mm

T2 >2 and ≤4 cm >5 and ≤10 mm

T3 >4 cm >10 mm

T4 Moderately and very advanced Extrinsic tongue muscle infiltration is now deleted

Moderately advanced local disease: tumour invades adjacent structures only. Very advanced local disease: tumour invades 
masticator space, pterygoid plates, or skull base or encases the internal carotid artery. Tumour diameter was the only criterion for 
both clinical and pathological T1-3 staged tumours in the 7th T classification of the American Joint Committee on cancer (AJCC). 
In the 8th edition pathological T classification tumour infiltration depth was added for T1-3 tumours and extrinsic tongue muscle 
infiltration was deleted for the T4 category. In the 8th edition pT1-3 tumours are staged by both tumour diameter and tumour 
infiltration depth. [SOURCE: American Joint Committee on Cancer TNM cancer staging [24,25]] 
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Sentinel lymph node biopsy procedure in early stage (cT1-2N0) OSCC
Now the sentinel lymph node biopsy (SLNB) procedure is extensively used in breast cancer 
and melanomas, it was also introduced in head and neck cancer as a less invasive procedure 
for neck staging compared to the END [26]. The SLNB procedure enables detection and 
harvesting of the sentinel lymph nodes (SLNs) (Figure 2). 

Figure 2. Lymphatic drainage patterns in oral cancer. Oral cancer (marked in RED) metastasizes 
first by lymphatic drainage patterns to cervical located lymph nodes (marked in GREEN and PURPLE). 
The first lymph nodes in such lymphatic drainage patterns are called sentinel lymph nodes (SLN, 
marked in PURPLE). These SLNs are normally the first locations positive for metastasis.

[Copyright © Koos Boeve, UMCG, 2019 Groningen]

Since distant metastasis is reported in 6% to 12% of the OSCC cases [13,27,28], especially 
in those with advanced lymph node involvement (i.e. extranodal extension, ≥pN2), the 
SLN status indicates whether or not the tumour has metastasized regionally or to distant 
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locations. The SLNB procedure (Figure 3) consists of a peritumoral injection of a radioactive 
tracer one day before surgery followed by imaging of the tracer using lymphoscintigraphy 
on the same day as the injection [18,26]. During surgery, the SLN is detected and harvested 
with a small incision and a handheld gamma-probe. Postoperatively, the SLN is assessed 
by a pathologist for the presence of lymph node metastasis. The small number of lymph 
nodes in a SLNB specimen (~2) compared to the high number of lymph nodes in an END 
(~20) [29], allows an extensive pathological work-flow with step-serial-sectioning and 
an immunohistochemical keratin staining of all slides in addition to the conventional 
hematoxylin-eosin (HE) staining (Figure 3). Step-serial-sectioning and keratin staining are 
not part of the END pathological work-flow. 

Figure 3: The sentinel lymph node biopsy procedure. The sentinel lymph node biopsy (SLNB) 
procedure consists of a preoperative peritumoral injection of a radioactive tracer (1, crosses indicate 
injection sites around the tumour which is marked by a dotted line), visualisation of lymphatic drainage 
patterns and sentinel lymph node (SLN) location by static and dynamic lymphoscintigraphy (2) and 
SPECT-CT scanning (3). Intra -operatively, SLNs are identified and harvested using a handheld gamma-
probe and a small incision (4). The assessment of only a few lymph nodes in a SLNB specimen enables 
extensive histopathological examination with step-serial-sectioning of six slides (5), conventional 
hematoxylin-eosin (6) and additional keratin immunohistochemistry (7) that contributes to the 
detection of small metastasis with a size of isolated tumour cells (<0.2 mm).

[Copyright © Koos Boeve, UMCG, 2019 Groningen]
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In early stage OSCC the SLNB procedure has been reported to be accurate in detecting 
occult metastasis with a pooled sensitivity of 87% and a pooled negative predictive value 
(NPV) of 94% in a meta-analysis using 66 studies [30]. Moreover, the SLNB revealed individual 
lymphatic drainage patterns and detected occult metastasis with a size of just individual 
metastasis cells [31]. After the introduction in OSCC the SLNB procedure was modified 
several times [26]. Preoperatively the single photon emission computed tomography 
(SPECT)-CT scan was added to the SLNB imaging protocol and resulted in detection of 
additional SLNs in 22% of the patients [32]. Blue dye was part of the SLNB procedure as 
intra-operatively injected tracer and visualised lymphatic drainage patterns by blue staining 
[26].This tracer was discontinued in several Dutch centres because blue dye deteriorated 
the demarcation of surgical resection margins and had only a limited additional value to the 
preoperative imaging using a radioactive tracer [26]. Step-serial-sectioning with additional 
keratin staining were added to the pathological assessment protocol to increase the 
sensitivity of detecting small metastases. 

Although the high accuracy in detection of occult metastases [30], many of the reported 
studies consisted of small cohorts and differed in reference treatment for the SLNB negative 
neck (i.e. END or clinical follow-up), SLNB procedure (e.g. use of a gamma probe, blue dye 
or SPECT-CT) and pathological work-up (with or without additional keratin staining or step-
serial-sectioning). Furthermore, several studies provided incomplete clinico-pathological 
information. This heterogeneity and lack of complete data underlined the need for studies 
using complete and homogeneous cohorts. Additionally, the SLNB has some limitations: 
First, the SLNB procedure seems to be less accurate in patients with a floor of mouth (FOM) 
tumour what might be caused by the shine-through phenomenon (Figure 4) and resulting 
in a lower detecting rate of SLNs located in level IA [33]. Secondly, in case of a metastasis 
positive SLN a complete neck dissection of cervical levels I-V, known as a (modified) 
radical neck dissection, needs to be done in a second operation. The modified radical 
neck dissection might be more challenging as a result of fibrosis induced by the SLNB 
procedure. Finally, although the SLNB is minor surgery compared to the END, it is still an 
invasive technique for neck staging for early stage OSCC patients of which the majority has 
no lymph node involvement. Histopathological and (epi)genetic tumour profiling using the 
biopsy specimen of the primary tumor might be helpful to define patients preoperatively 
for a more optimal neck strategy with a watchful waiting, SLNB or a neck dissection [34]. 
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Figure 4. Shine-through phenomenon in oral cancer. Sentinel lymph nodes (marked in 
PURPLE) located in level I (arrow 1) are not always separately visual from the primary tumour with 
lymphoscintigraphy and SPECT-CT imaging caused by the location of that sentinel lymph node 
within the radioactive tracer hotspot of the tumour, known as shine-through phenomenon. Second 
lymph nodes in the drainage pattern might be wrongly suggested and harvested as SLN (arrow 2) or 
only SLNs in other neck levels (arrow 3) are harvested [33].

[Copyright © Koos Boeve, UMCG, 2019 Groningen] 
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Histopathological and molecular tumour biomarkers predicting lymph 
node status in OSCC
Tissue from tumour biopsy or surgical resection material enables to associate tumour 
characteristics with lymph node status in OSCC. Histopathological tumour characteristics 
such as tumour infiltration depth, pT status, perineural invasion, lymphovascular invasion, 
degree of differentiation and pattern of invasion have been associated with lymph node 
status for decades [35-39]. Of these histopathological characteristics, tumour infiltration 
depth was reported as an independent predictive marker with the highest predictive value 
and has been used in clinical practice for risk assessment of lymph node status [21,22,35]. 
Although some of the other histopathological tumour characteristics (lymphovascular or 
perineural invasion, close surgical resection margins or a pT3-T4 staged tumour) are used 
as adverse features to select patients for adjuvant radiotherapy, these characteristics are 
not used as risk assessment to select patients for a neck dissection. Lack of clear validations 
and large intra- and interobserver variability might be reasons why these markers are not 
introduced in the clinical setting for predicting lymph node status [40]. For example, tumour 
pattern of invasion was associated with lymph node status [41]. However, an analysis 
of five different scoring methods for tumour invasion pattern showed just a moderate 
reproducibility [40]. 

More recently, molecular tumour biomarkers have been studied widely for their association 
with lymph node status. Many different cellular processes are involved in metastasis of 
tumour cells, such as cell adhesion (detachment of the primary tumour), cell mobility 
(movement to vascular structures), cell remodelling (passing vascular walls), resistance 
to blood flow (adhesion to vasculature), direct exposure to immune system, homing 
and cell division (metastasis formation in the lymph node) [42-44]. Some of these cellular 
processes are (de-)regulated by increased expression of proto-oncogenes and the 
inactivation of tumour suppressor genes caused by (epi)genetic alterations [45,46]. For 
example, amplification of the 11q13 chromosome is such a genetic alteration and one of 
the most frequently (36%) detected alterations in head and neck cancer [47]. CTTN, CCND1 
and FADD are three genes located in the commonly amplified region at chromosome 
11q13 and overexpression of their proteins is associated with shorter survival and positive 
lymph node status in head and neck cancer [48-50]. CTTN encodes for cortactin, a protein 
with multiple binding domains such as F-actin, Src and Erk [51]. Cortactin is involved in 
cytoskeleton formation, cell morphology and cell migration which are important processes 
to enable a cell to metastasize [51]. Expression of cortactin results in migration in vitro [52] 
in agreement with the observed association with lymph node status in patient biopsies of 
the 11q13 amplification [53]. The CCND1 gene encodes for the cyclin D1 protein, which 
is especially known for promoting cell cycle progression during G1 [54], but also plays a 
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key function in cell migration control, DNA repair and mitochondrial activity modulation 
[54]. Fas Associated Death Domein (FADD) is the protein encoded by the FADD gene 
and plays an important role in the apoptotic signalling, but has been related to cell cycle 
progression, innate immunity and autophagy more recently [48]. Recently, a study showed 
an increased rate of lymph node metastasis in head and neck squamous cell carcinoma 
patients with a high FADD expression [55]. Despite a clear association of expression of these 
genes such as CTTN/cortactin, CCDN1/cyclin D1 and FADD with lymph node status, and 
exploration of the underlying cellular processes involved in metastasis, none of these is 
currently implemented as a diagnostic tumour biomarker for lymph node status in early 
stage OSCC. One of the reasons is the lower predictive values of these tumour biomarkers 
for lymph node status compared to the SLNB procedure [30,56]. These lower predictive 
values might be due to the multistep character of metastasis with involvement of many 
different cellular processes (see above) [42]. Therefore predicting lymph node status using 
a single tumour marker only, most likely will not result in clinical suitable predictive values. 
Recently introduced laboratory techniques, such as DNA microarrays, enable the selection 
of genes and panels of genes using genome wide (epi)genetic approaches [56-58]. Despite 
that a gene-signature of 852 genes showed a high sensitivity of 86% and a NPV of 89% 
for detecting lymph node metastasis in a validation with early stage OSCC [56], such 
signatures for assessment of lymph node metastasis are not implemented to the clinical 
setting caused by the high costs, unfeasibility to use with formalin-fixed paraffin-embedded 
tissue and the availability of the high accurate SLNB procedure [59]. Moreover, comparing 
different signatures revealed hardly any similarity in selected genes and proteins between 
these expression signatures [60-63], that might display the heterogeneity in expression 
signatures among these tumours and the challenge of selecting genes or signatures with 
clinical applicable predictive values [57,63]. 

A promising method to select predictive molecular biomarkers for lymph node status 
is the analysis of the DNA hypermethylation status of certain cancer related genes. DNA 
methylation is an epigenetic process that regulates DNA transcription by adding a methyl 
group to a cytosine that precedes a guanine nucleotide, referred to as CpG sites [46]. A high 
density of these CpG sites are referred to as CpG islands and commonly observed within 
the regulatory regions of gene promotors [45]. Methylated CpG islands are associated with 
a lower gene expression (Figure 5) [45,64]. During cancer progression, gene promotor DNA 
methylation gradually increases (referred to as hypermethylation), while DNA methylation 
of repetitive sequences decreases (referred to as hypomethylation) (Figure 5) [65]. Abnormal 
expression of cancer-relevant genes by methylation has been reported to be at least as 
common as affecting transcription by genetic DNA alterations such as DNA amplification 
and mutations [66]. Because of hypermethylation is an independent mechanism of 
transcriptional regulation related to DNA sequence alterations, these mechanisms might 
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be complementary in regulating tumour processes such as metastasis [45]. Moreover, 
hypermethylation is more common earlier in the carcinogenesis compared to DNA 
mutations [45]. In addition, hypermethylation of certain genes (MGMT, DAPK1) has been 
reported to be associated with lymph node status [67]. Recently, using a global genome-
wide screening approach, three new markers were identified to be differently methylated 
comparing OSCC with and without lymph node metastasis (WISP1, RAB25 and S100A9) 
[68,69] [Clausen, S100A9, in prep]. Because of the clear association with lymph node status, 
a panel of these methylation markers might contribute to the detection of lymph node 
metastasis, however the accuracy in detecting occult metastasis in early stage OSCC has 
not been validated yet. 

Figure 5. DNA methylation in cancer. Methylation of CpG sites (red lollipops) in the promotor region 
of a cancer-related gene induces silencing of gene expression and might contribute to carcinogenesis 
[45]. Methylation of CpG sites throughout the genome outside the coding domains of genes (GRAY 
boxes) decreases (hypomethylation) in cancer [45].

[Adapted from the Atlas of genetics and cytogenetics in oncology and haematology in 2013[70]]. 

CHALLENGE 2: DETECTION OF LOCAL RECURRENCES AND 
SECOND PRIMARY TUMOURS

Local recurrences and second primary tumours are reported in up to 10-30% percent of 
the cases in OSCC [71]. Local recurrence is defined as tumour growth within the same area 
(maximal distance of 20 mm) and within three years after diagnosis of the initial tumour, 
while second primary disease is defined as intra-oral tumour growth not fitting to one of 
the criteria of local recurrence. Causes for local recurrences and second primary tumors of 
OSCC are residual tumor cells after treatment and field cancerization of the oral mucosa 
(Figure 6) [42]. 
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Residual tumour cells are isolated cells after treatment of the first primary tumour which 
have the potential to develop as local recurrence. Field cancerization is the presence of 
precancerous epithelium with or without clinical manifestation (Figure 6) [42]. In general, 
DNA of epithelial cells undergoes several changes before they turn into a malignant tumour 
cell [42]. First, a stem cell in the basal layer of the epithelium will undergo (epi)genetic 
alterations and change into a preneoplastic stem cell. After proliferation this preneoplastic 
stem cell might cause a preneoplastic field of oral epithelium [72]. The ongoing exposure 
to the etiological factor (e.g. tobacco smoke, alcohol and betel nuts) might encounter 
secondary DNA alterations and turn one of these preneoplastic cells into a neoplastic cell 
and finally into a tumour with invasive growth surrounded by a field of preneoplastic cells 
(Figure 6) [42]. Because most etiological factors affects the total mucosa of the oral cavity, 
field cancerization is not restricted to the area of the first primary tumour and second 
primaries could arise from such other fields located in the oral cavity as well as in other 
locations of the upper aerodigestive tract (Figure 6) [42]. 

Figure 6. Field cancerization and residual tumour cells. Schematic model of the mucosa of OSCC 
cases with the different causes for local recurrences and second primary tumours as a result of field 
cancerization and residual tumour cells.

[Source: Leemans CR, Braakhuis BJ, Brakenhoff RH, Nat Rev Cancer, 2011 [42], with permission]. 
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Early detection and treatment of local recurrences and second primaries is challenging. 
Since clinical manifestation might be lacking, field cancerization and residual cells are 
not recognized during surgery, clinical examination or histopathological assessment and 
consequently detection is delayed until conversion into a local recurrence or second primary 
tumour. In some cases there is clinical manifestation of field cancerization (e.g. leukoplakia), 
and in this particular cases therapy is limited by the extensiveness of the field cancerization. 
The intra-oral clinical examination, during follow-up after treatment of the first primary 
tumour, might be limited by postoperative fibrosis induced by surgery or irradiation [73] 
and as a result of reconstruction of the resection area of the first primary with tissue from 
extra-oral donor sites. 

To prevent patients for local recurrences or second primary tumours, histopathological 
predictive characteristics have been studied. Close (1-5 mm) or involved (<1 mm) resection 
margins of the tumour, perineural and lymphovascular invasion, grade of differentiation, 
tumour infiltration depth and tumour pattern of invasion have been reported as predictive 
for local recurrence [74-76]. Even in cases with free resection margins (>5 mm) [75,77], a local 
recurrence rate of 8% to 11% is reported [77,78]. Other studies analysed the detection of 
minimal residual cancer or preneoplastic fields using molecular markers in surgical resection 
margins [76,79]. Although some promising results of molecular tumour biomarkers with 
100% positive predictive values for local recurrences [79], robust validation in several trials 
with clearly defined margins and sufficient power is lacking [80]. 

Currently, patients with involved or close resection margins, or T3-T4 staged tumours are 
treated with adjuvant radiotherapy, chemotherapy or a surgical re-resection to lower the risk 
for a local recurrence [81]. Moreover, preneoplastic regions located adjacent to the resection 
area could be removed using laser therapy [82]. Due to the clinical invisibility, removal of 
the total preneoplastic field is uncertain. For example, oral leukoplakia is a clinically visible 
type of field cancerization with an annual malignant transformation risk of 1% [83]. Even if 
these visible leukoplakia fields are removed completely with carbon dioxide laser surgery, 
a local recurrence risk of 3-40% for oral leukoplakia was reported in a systematic review 
[83]. Therefore, after treatment of the first primary tumour, all OSCC patients are clinically 
assessed according to a strict follow-up scheme starting with a 6 week interval followed by 
three and six months intervals in the Netherlands. 

Biomarkers for diagnosis and monitoring of recurrent disease in OSCC 
using liquid biopsies
Although field cancerization and residual tumours cells are often clinically invisible, their 
already existing (epi)genetic alterations might be detectable and used as biomarker 
to monitor OSCC patients in order to diagnose local recurrences in an early stage [46]. 
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Tumour cells and tumour DNA are often released in plasma and referred to as respectively 
circulating tumour cells (CTC) and circulating tumour DNA (ctDNA) [84]. Plasma collected 
via minimal-invasive blood collection method is referred to as liquid biopsy, and has great 
promise as a source for predictive testing and monitoring of treatment response [85]. The 
precise mechanism behind the release of ctDNA in plasma is not totally clarified. Probably 
that apoptotic neoplastic corpuscles are released into the bloodstream whether or not 
after phagocytation by white blood cells and necrotic tumour cell debris including DNA 
[85]. Another hypothesis is that viable tumour cells migrate into lymphatic or blood vessels 
and become necrotic after missing the opportunity to form a metastasis [85]. In addition 
to plasma, other body fluids can service as a source for CTCs and ctDNA including urine, 
cerebrospinal fluid and saliva [84]. Tumour DNA and tumour cells in saliva are more likely 
from apoptotic and necrotic cells which detach from the tumour surface in the oral cavity. 
The relative easy way to collect plasma (minimal-invasive) and especially saliva (non-
invasive) makes it very promising sources for diagnosing (local) recurrences. ctDNA in 
saliva and plasma might also be used for monitoring of therapy response in patients with 
advanced disease and treated by radio-, chemo- or targeted therapy if complete resection 
by surgery is not possible, such as could be the case in for example oropharyngeal tumours 
[85]. Several types of biomarkers have been studied: DNA, RNA, methylation and protein 
based markers [85,86]. Some of these studies reported sensitivities and negative predictive 
values of more than 80% in detecting OSCC associated biomarkers in saliva [87] and serum 
[85,88]. Moreover, the marker concentration levels in serum were associated with overall 
survival and were independent prognostic markers [88]. Despite these promising results, 
none of the liquid biopsies is implemented clinically nowadays for OSCC. 

Biomarkers for diagnosing OSCC using liquid biopsies are facing challenges before being 
used clinically. Besides the release of ctDNA or CTCs into the bloodstream or saliva, also often 
large amount of DNA derived from healthy cells and in saliva also from other organisms 
(bacteria, viruses, archaea and fungi) are present in these fluids [89]. In general, the amount 
of ctDNA is mostly a very low fraction of the total amount of DNA extracted from plasma 
or saliva referred to as cell free DNA from plasma (cfDNA) [85]. Therefore, a ctDNA marker 
needs to be very specific for OSCC in order to detect ctDNA in a background of total cfDNA. 
For this purpose, OSCC-specific methylation markers might also be useful in saliva to detect 
progression of disease or monitor treatment using a non (saliva) or very minimal-invasive 
(blood) approach to collect appropriate material. Recently, a review [85] included ten 
studies which reported using methylation markers in saliva from OSCC patients showing 
sensitivities from 34% to 93% and specificities from 72% to 93% for detecting OSCC in 
saliva. Although these promising results, validation with large and independent data and 
all tumour stages is not available. Also no other markers to identify ctDNA in saliva with 
appropriate accuracies up to 90% and clear validations are reported [85]. 
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SCOPE OF THIS THESIS

The aim of this thesis was to analyse the prognostic or predictive value of clinical, 
histopathological and molecular tumour markers which are associated with (sentinel) 
lymph node status or with the detection of cancer in saliva of oral squamous cell carcinoma 
patients. 

Tumour infiltration depth has been a well-studied tumour marker for predicting lymph node 
status and survival in OSCC [22]. Also extranodal extension has been proven as predictive 
marker for OSCC. Recently, these histopathological markers were incorporated in the 8th 
edition TNM classification [24]. In chapter 2 the potential impact of the changes within the 
8th edition pTNM classification on the prognosis and treatment strategy of oral squamous 
cell carcinoma compared the use of the “old” 7th edition pTNM classification in a series of 211 
pT1-T2 patients with a long-term follow-up was evaluated.

The sentinel lymph node biopsy procedure (SLNB) was introduced in early stage OSCC 
for detecting occult metastasis. A meta-analysis on SLNB procedure accuracy showed 
heterogeneity in the existing studies for reference standards, imaging techniques and 
pathological examination [30]. In chapter 3 the sensitivity and negative predictive value of 
the SLNB procedure in detecting occult metastases in cT1-2N0 OSCC was assessed. For this 
purpose, a well-defined cohort was used with clinical-follow up as reference standard for 
the SLN negative patients, SPECT-CT part of the imaging protocol and step-serial-sectioning 
and additional keratin staining as standard histopathological examination.

Despite the relative common local recurrences and second primary tumours in OSCC, only 
one study with 22 patients reported on the SLNB procedure in patients with a previously 
treated neck [90]. The SLNB procedure also provides information about the individual 
lymphatic drainage patterns, that might be helpful in these previously treated patients 
with altered lymphatic drainage patterns. In chapter 4 the accuracy of SLNB procedure 
was assessed and lymphatic drainage patterns evaluated using a multicentre consecutive 
cohort of cT1-2N0 patients with a previously treated neck in three Dutch head and neck 
cancer centres. 

Maxillary tumours are relatively rare and evidence on drainage patterns of these specific 
locations is lacking. Conventionally, the opinion was that these tumours rarely metastasize 
or only to retropharyngeal located lymph nodes [91]. In chapter 5 we retrospectively 
determined lymphatic drainage patterns of 11 patients with maxillary tumours who had 
neck staging with the SLNB procedure. 
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Previously an association was observed between lymph node metastasis and disease 
specific survival and between lymph node metastasis and the expression of cortactin, cyclin 
D1, and FADD, three genes located in the chromosome 11q13 region and amplified in 13 
to 29% of the HNSCC [47,55]. In chapter 6, both 11q13 chromosome amplification and 
expression of cortactin, cyclin D1 and FADD were associated with occult metastasis using a 
large multicentre cohort of 313 early stage OSCC patients collected from the databases of 
UMCU and UMCG. 

Although the SLNB procedure is minor surgery compared to an END, it is still an invasive 
procedure in ~75% of the early stage OSCC patients who eventually had no lymph node 
involvement. In chapter 7 molecular tumour biomarkers (cortactin, cyclin D1, FADD, RAB25, 
S100A9) previously reported as associated with lymph node status in OSCC, were analysed 
for their clinical value to select patients with a low risk for lymph node metastasis for a 
watchful waiting instead of a SLNB procedure. All included early stage OSCC patients had 
neck staging using the SLNB procedure which provide detailed lymph node involvement 
information. Expression levels of the selected molecular markers were associated with 
lymph node status using tissue micro arrays constructed from tumour biopsy and tumour 
resection tissues. 

In chapter 8 we describe the selection of new OSCC-specific methylation markers using 
an OSCC-methylome based on genome wide methylation screening approach. Selected 
methylation markers were validated in a feasibility study with saliva of ten OSCC patients 
and ten healthy controls using a quantitative methylation specific PCR (QMSP). 
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