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Summary 

Head and neck squamous cell carcinoma (HNSCC) is the most common type of head and 
neck cancer (95% of cases) and represents 5% of all cancer diagnoses worldwide with an 
overall mortality rate of approximately 50%. HNSCC covers a heterogeneous group of 
tumors, leading to several clinical challenges in its prevention and management, 
including increasing incidence of HPV-related tumors, high recurrence rates, substantial 
treatment-related side effects, and difficulties to predict treatment efficacy for individual 
patients. This thesis aimed to 1) assess and increase HPV awareness among the 
population and general practitioners (GPs) in The Netherlands with the goal to increase 
HPV vaccination coverage and stimulate early detection; 2) improve the knowledge on 
HPV genome integration and associated detection techniques in order to identify 
prognostic biomarkers; 3) investigate potential new targeted therapies to improve 
treatment options; and 4) explore the suitability and applications of tumor-derived 
culture models to guide personalized treatment for HNSCC patients (CChhaapptteerr  11).  
 
While the incidence of tobacco related HNSCC has declined in the past two decades, 
there is an increase in HPV-related oropharyngeal cancer (OPSCC) cases in Western 
countries. In contrast to patients with non-HPV-related OPSCC, patients with HPV-
related OPSCC are generally younger, more often male, have a higher socioeconomic 
status, and are less likely to have a history of extensive tobacco and alcohol use. 
Knowledge about HPV and the association of HPV and OPSCC, both in the general 
population and among health care professionals, will promote HPV vaccination 
coverage, early detection of the disease, and ultimately patient outcome. In CChhaapptteerr  22, 
the current knowledge on HPV and HPV-related OPSCC among the general population in 
The Netherlands was explored using a cross-sectional survey study. Our data revealed 
that 30.6% of the participants (N=1044) had heard of HPV. This awareness was 
significantly lower in males, participants older than 65 years of age, participants with low 
educational level and current smokers. Of the participants who had heard of HPV, 29.2% 
was aware of the causative link between HPV and OPSCC (11% of total population). In 
addition, almost 50% of participants knew about the existence of an HPV vaccine. Our 
findings indicate that targeted knowledge in the Dutch population is lacking and 
increasing the awareness of HPV is required to improve vaccination coverage and 
(primary) prevention. In this context, the results of this thesis have been used for the 
national ‘Make Sense Campaign’ by the Dutch Working Group on Head and Neck Tumors 
(NWHHT).  
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The HPV awareness among GPs in The Netherlands was assessed in CChhaapptteerr  33. A total of 
207 GPs throughout The Netherlands participated in our cross-sectional study, of which 
72% recognized HPV as a risk factor for OPSCC and 76.3% was aware of the increasing 
incidence rates. Patient characteristics were less well recognized, with 35.7% of GPs 
knowing that patients with HPV-related OPSCC are more often male and just over half 
was aware of the younger age of patients. Our findings demonstrate that GPs are 
reasonably aware of HPV as a causative factor for OPSCC, however, a quarter of GPs is 
still unaware of this link. Specific knowledge on patient characteristics could be 
improved, to ensure early recognition of the disease in this relatively young patient 
group without classical risk factors. Further training in the form of regional and national 
meetings may contribute to better targeted knowledge and appropriate referral of 
patients to secondary care. To raise HPV awareness among GPs in The Netherlands, 
findings described in this thesis were summarized in an infographic and published in the 
Dutch Journal for GPs ‘Huisarts en Wetenschap’ (CChhaapptteerr  44). 
 
Despite the generally better prognosis of HPV-related OPSCC compared to their HPV-
negative counterpart, a still unidentified subgroup of 10-20% of HPV-positive patients 
will develop recurrent disease after treatment. Integration of the HPV genome in the 
human genome has been suggested to have further reaching consequences for 
tumorigenesis of HPV-positive tumors, but studies on the relation between HPV 
integration and patient outcome have shown inconsistent results. In CChhaapptteerr  55, we 
summarized the recent literature on HPV integration in OPSCC and observed that HPV 
integration prefers less protected and more accessible chromosomal regions, including 
highly transcribed (cancer) genes. In addition, several factors were described to promote 
viral integration, including reactive oxygen species, inflammation, and APOBEC 
expression. HPV integration could lead to constitutive expression of viral oncogenes and 
deregulation of cellular (cancer) genes, possibly conferring neoplastic pressure. 
Importantly, different techniques to detect HPV integration have been used in studies so 
far, which are often biased, insensitive and/or nonspecific. Together with the variety of 
described bioinformatic approaches for integration detection,  this might explain the 
inconsistent data on integration percentage and clinical relevance. Furthermore, current 
detection techniques are generally unsuitable for formalin-fixed, paraffin-embedded 
(FFPE) tumor tissues. Therefore, in CChhaapptteerr  66, we developed and validated a novel 
sequencing approach (cell-based TLA, FFPE-TLC), based on the ligation of DNA 
sequences in close proximity to each other. Seven HPV-positive cell lines and FFPE 
tissues of 27 HPV-positive OPSCC were used for HPV integration detection using this 
method. Our findings demonstrate that this approach enabled sequencing of hundreds 
of kb around the HPV integration site, detecting exact HPV integration loci, structural 
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variants, and chromosomal rearrangements in both HPV-positive cell lines and FFPE 
tissues of OPSCC. HPV integration sites were detected in 15/27 FFPE tumor tissues and 
confirmed by PCR analysis and Sanger sequencing in a subset of samples, showing simple 
and complex integration patterns, resulting in structural variations, which also may 
explain mechanisms underlying integration and clonal evolution. This FFPE-TLC method 
provides the opportunity for reliable and robust detection of HPV integration sites, 
specifically valuable for FFPE tissues, enabling further research on the clinical relevance 
of HPV integration in OPSCC, including clonality assessment of multiple tumors with 
HPV-involvement within a patient.  
 
Over the last decades, survival rates for HNSCC patients have hardly increased, 
recurrence rates are still high, especially for HPV-negative HNSCC, and treatment-related 
side effects are substantial. Therefore, there is an urgent need for improved, more 
targeted treatment options. In CChhaapptteerr  77, the antiproliferative effect of the antiviral 
agent cidofovir was investigated using HPV-positive and HPV-negative HNSCC cell lines. It 
was observed that cidofovir treatment resulted in inhibition of cell growth in all cell 
lines, and that DNA damage accumulated and activated the DNA damage pathway, 
leading to G2/M cell cycle arrest. Moreover, our findings suggest the occurrence of 
mitotic catastrophe, without the induction of apoptosis.  
 
In addition to antiviral therapies, options for therapies targeting specific genetic 
alterations and/or deregulated cellular pathways have been a field of interest for the 
treatment of HNSCC patients. Cell cycle control genes, as well as the PI3K/Akt/mTOR 
pathway are commonly affected in HNSCC. In CChhaapptteerr  88, the therapeutical efficacy of 
several CDK4/6 (palbociclib, ribociclib) and PI3K/Akt/mTOR pathway inhibitors (alpelisib, 
buparlisib, gedatolisib) was explored in-vitro. Both inhibitor types showed to inhibit their 
respective pathways and cell growth. The CDK4/6 inhibitors showed to be mainly 
effective in HPV-negative HNSCC cell lines, inducing cell cycle arrest in G1 phase without 
the induction of apoptosis. Treatment with PI3K/Akt/mTOR inhibitors resulted in 
inhibition of cell proliferation of both HPV-negative and HPV-positive HNSCC cell lines, 
the induction of apoptosis, and the attenuation of oxidative and glycolytic cellular 
metabolism. Furthermore, we observed that the combination of a CDK4/6 and a 
PI3K/Akt/mTOR inhibitor, i.e., ribociclib and alpelisib, synergistically decrease cell 
viability. Further research should elucidate whether (a combination of) these inhibitors 
are effective therapeutic agents for HNSCC patients.  
 
Due to the heterogeneous nature of HNSCC, varying response rates to both standard-of-
care and new treatments are observed between patients. Tumor-derived culture models 
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offer the chance to predict therapy response in a personalized setting. In CChhaapptteerr  99, we 
summarized available culture models for HNSCC, and evaluated their application as a 
preclinical prediction model for therapy response. Results demonstrate that a wide 
range of primary culture models has been introduced for HNSCC, including monolayer 
cultures, spheroids, organoids, histocultures, xenografts, and microdevices. Technical 
aspects of these culture models were assessed, such as culture success percentage, 
culture duration and complexity, resemblance to the original tumor, and predictive value 
for patient therapy response. The histoculture model was most often used, and showed 
the best success rate, tumor resemblance, and prediction of patient response to 
chemotherapy with ~75% accuracy. Although radiotherapy, either or not in combination 
with chemotherapy, is an important treatment modality for HNSCC, evidence on the use 
of histocultures to predict radiosensitivity is limited. In CChhaapptteerr  1100,,  we aimed to 
characterize a short-term HNSCC histoculture model, derived from fresh tumor tissue, 
and evaluated its application to study repair capacity of irradiation-induced DNA damage 
as a measure for radiosensitivity. During short-term culture (48h), histocultures 
maintained tissue architecture, including different cell types, epithelial marker 
expression, and tumor cell proliferation. Cultures derived from HPV-positive tumors 
maintained their strong expression of the HPV surrogate maker p16. Ex-vivo irradiation 
of histocultures resulted in increased DNA double strand breaks, visualized by 53BP1 
foci, and differences in repair capacity, assessed at 24 hours after irradiation, were 
observed between individual patients. Specifically, cultures derived from HPV-positive 
tumors showed significantly less efficient DNA repair. The combination of cisplatin and 
radiotherapy decreased DNA repair efficacy in 3 out of 4 tumors compared to 
radiotherapy alone. Sufficiently powered studies, with adequate comparison between 
ex-vivo response and patient response are required to elucidate whether histocultures 
can mature into useful clinical tools.  
 
Finally, in CChhaapptteerr  1111, the results described in this thesis are discussed and reflected in 
the light of current knowledge in the field. The new insights presented in this thesis 
might provide new opportunities to decrease the impact of HNSCC and open doors for 
future research.    
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Samenvatting 

Hoofd-halskanker, met het plaveiselcelcarcinoom als de meest voorkomende vorm, 
beslaat ongeveer 5% van alle kankerdiagnoses wereldwijd met een gemiddeld 
sterftepercentage van 50%. Plaveiselcelcarcinomen in het hoofd-halsgebied vormen een 
heterogene groep tumoren, met daarbij behorende klinische uitdagingen op het gebied 
van preventie en behandeling. Ten eerste is er een significante stijging van het aantal 
humaan papillomavirus (HPV)-gerelateerde keelholtetumoren. Ten tweede is het 
recidiefpercentage hoog en laten huidige behandelopties vaak ernstige bijwerkingen 
zien. Daarnaast is het een uitdaging om de meest effectieve behandeling voor elke 
individuele patiënt te selecteren. Het doel van dit proefschrift was 1) om de kennis over 
HPV en keelholtekanker onder de Nederlandse bevolking en huisartsen in kaart te 
brengen en te verbeteren; 2) om meer kennis te genereren over de integratie van het 
HPV genoom in het humane genoom en de technieken die kunnen worden gebruikt om 
HPV integratie te detecteren; 3) om nieuwe doelgerichte therapieën te onderzoeken om 
de behandeling van hoofd-halskanker te verbeteren, en 4) om de geschiktheid en 
toepassing van tumorkweekmodellen te onderzoeken voor gepersonaliseerde 
therapieselectie.  
 
Hoewel de laatste twee decennia de incidentie van het aantal hoofd-halstumoren 
veroorzaakt door roken en alcoholgebruik is afgenomen, is er een wereldwijde stijging in 
het aantal HPV-gerelateerde keelholtetumoren. Patiënten met HPV-gerelateerde 
keelholtetumoren zijn vaak jonger, vaker van het mannelijk geslacht, hebben een hogere 
socio-economische status, roken vaak minder en drinken minder alcohol. Voldoende 
kennis over HPV en de relatie met keelholtekanker in de Nederlandse bevolking en 
onder zorgprofessionals zal bijdragen aan een hogere HPV-vaccinatiegraad, vroegere 
herkenning van de ziekte en uiteindelijk een betere uitkomst voor patiënten. In 
HHooooffddssttuukk  22 hebben we de kennis over HPV en HPV-gerelateerde keelholtekanker onder 
de Nederlandse bevolking in kaart gebracht met een vragenlijststudie. Uit de resultaten 
is gebleken dat 30,6% van alle deelnemers (totaal 1044) nog niet eerder van HPV 
gehoord had. Deze kennis over HPV was lager bij mannen, deelnemers ouder dan 65 
jaar, deelnemers met een lager opleidingsniveau en deelnemers die roken. Van alle 
deelnemers die van HPV hadden gehoord, wist maar 29,2% dat HPV ook keelholtekanker 
kan veroorzaken (11% van alle deelnemers in de studie). Bijna de helft van de 
deelnemers wist dat er een vaccinatie bestaat tegen HPV. Met deze studie hebben wij 
laten zien dat de kennis over HPV, HPV-gerelateerde keelholtekanker en HPV-vaccinatie 
onder de Nederlandse bevolking (nog) niet optimaal is en dat het verhogen van deze 




