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IntroduCtIon

Gene expression profiling is a technique to measure mRNA levels of thousands of genes 
at the same time. Such expression profiles are different between cell types and tissues, 
and also show changes in a given tissue or cell type in response to stimuli. Cancers almost 
universally show changes in gene expression compared with their cell type of origin, 
resulting from the genetic or epigenetic changes accompanying oncogenesis. Many 
of these changes can influence growth potential and response to treatment. We have 
therefore used this technique in this thesis to find profiles that can predict treatment 
outcome. We have focused on head and neck squamous cell carcinomas treated with 
chemoradiation, the most common treatment modality for most advanced tumors of this 
type. 

epIdemIology

Head and neck (oral cavity, oropharynx, hypopharynx, and larynx) squamous cell carcinoma 
(HNSCC) is a frequent entity with over 500,000 new cases diagnosed worldwide each 
year (1) In the USA there are almost 50,000 new cases each year, making it the 5th most 
common form of cancer (2). In the Netherlands around 2,700 new cases of head and neck 
tumors occur each year, comprising 5 % of all cancers (3). The lifetime risk to develop a 
head and neck carcinoma is between 1.5 and 2% in the Netherlands.

The majority of head and neck cancers are squamous cell carcinomas, arising from the 
mucosal epithelium of the upper aerodigestive tract. The oral cavity is affected most, 
followed by larynx, oropharynx and hypopharynx (3). Many of these patients present with 
advanced stage III or IV disease. Over the last decade there has been a relative increase 
in patients presenting with stage III or IV disease (4). Possible reasons for this are the 
increase in alcohol consumption, better imaging possibilities and the increase in the 
number of elderly patients

etIology

Smoking and alcohol abuse are known risk factors for head and neck cancer (5-9). This 
direct causality has been well documented. Tobacco abuse can increase the chance of 
developing HNSCC 10-fold. This stabilizes when there is cessation of the exposure to 
tobacco. However the risk never reaches the level of a never-smoker (10, 11). Alcohol 
has a synergistic effect with smoking as well as being an independent risk factor. Several 
studies have shown that both increase risk in a dose-dependent way (12, 13). It has 
been estimated that 80-90% of head and neck squamous cell carcinomas are caused by 
smoking and alcohol abuse (14). The age-adjusted incidence of head and neck tumors in 
general has declined in the last years, probably due to a reduction in smoking (15). The 
absolute incidence in Western Europe however is increasing, possibly due to the amount 
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of amount elderly people that is increasing as well. The incidence of head and neck 
tumors in young adults has also increased. This could be attributed to tumors caused 
by human papilloma virus infection. Recent studies have shown that Human Papilloma 
Virus (HPV) is also an important risk factor (16-20). HPV infection is common worldwide, 
being the most frequent sexually transmitted infection (21). More than 130 HPV types 
are known, and are classified as low or high risk based on their oncogenic potential. The 
HPV genome consists of circular double-stranded DNA, approximately 7.9 kilobases in 
size. The genome consists of a noncoding long-control region, six early genes (E1, E2, 
E4-E7), and two late genes that encode the viral capsid (L1 and L2). Two early genes, E1 
and E2, control gene transcription and replication. Other early genes, E6 and E7, have 
pivotal roles in oncogenesis. HPV 16 is the most common and is present in approximately 
90% of all HPV positive oropharyngeal cancers (22-24). The integration of the virus into 
the host genome plays a decisive role in HPV-associated tumors. It disrupts the HPV E2 
gene, which is a transcriptional repressor of the E6 and E7 genes. Once released from 
the control of E2, E6 and E7 oncoproteins alter normal cell growth control, DNA repair 
and apoptosis mechanisms by inactivation of tumor suppressor proteins P53 and the 
retinoblastoma protein. P16 accumulates as part of a feedback loop attempting to apply 
the brakes to cell proliferation. P16 protein can be detected by immunohistochemistry 
and can serve as a surrogate marker for HPV presence (25), as in non-HPV HNSCC the 
INK4a locus and P16 are in general inactivated by mutation of methylation. Given the 
importance of HPV in the etiology of HNSCC, we have also studied its role here in the 
response to treatment of advanced tumors treated with chemoradiation.

treatment optIons for advanCed stage head and neCk tumors

There are several treatment options for advanced stage head and neck tumors and 
optimal treatment is different for each subsite. In general, patients can be operated, they 
can receive radiotherapy alone, or radiation combined with chemotherapy, cetuximab, 
or neo-adjuvant chemotherapy before definitive radiotherapy or chemoradiation. 
Radiotherapy or chemoradiation can also be applied after surgery. Oral cavity tumors 
tend to respond well to surgery and defects can be reconstructed with reasonable 
functional outcome (26, 27). These tumors also have a tendency to be less responsive to 
radiotherapy and radiating the oral cavity with 70 Gy inflicts quite some morbidity and 
risk for osteoradionecrosis (28). Oropharyngeal tumors are more difficult to reconstruct 
with good functional outcome, especially when the base of tongue or soft palate is 
involved since these areas play a key part in the swallowing function. In addition, probably 
because they are more likely to be infected with HPV than other sites, they respond 
well to radiotherapy (17). For hypopharyngeal carcinomas there is a tendency to use 
chemoradiation as these tumors have a poorer outcome and surgery in general implies 
a total laryngectomy. For laryngeal cancer in medium sized tumors (T2-3) most institutes 
use either accelerated radiotherapy or chemoradiation. So far, the difference in outcome 
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between these two modalities has not been proven unequivocally (29, 30). For advanced 
T4 tumors, evidence is increasing that upfront total laryngectomy has a better survival 
than organ preservation using chemoradiation (31-33). 

Over the last few years treatment options have progressed, with new promising agents 
such as cetuximab which can be combined with radiotherapy (34). Radiotherapy combined 
with both an EGFR inhibitor and chemotherapy is also now an option (35). 

There are also new strategies on the horizon. Poly ADP-ribose polymerase (PARP) plays a 
crucial role in DNA repair. Consistent with this, PARP inhibitors have shown to influence 
radiosensitivity and chemotherapy in pre-clinical studies, especially in patients in whom 
the tumors already have deficient DNA repair (e.g. defects in the Fanconi genes). Clinical 
trials need to be conducted to further examine the effectiveness of these new agents. 

An important factor in the treatment choice in advanced tumors is whether surgery 
or chemoradiation is judged by the clinician to preserve function or not (36). In case 
the surgery implies (sub)total resection of the tongue or palate, in general it is scored 
as functionally inoperable. The studies presented in this thesis concern patients with 
advanced tumors who were treated with concurrent cisplatin based chemoradiation for 
these reasons (37).  Rasch’s study showed that there was no difference between intra-
arterial and intravenous administration of cisplatin (37), both of which were therefore 
included in the present studies. With this treatment around 50-70% locoregional control 
is achieved (38), meaning that unfortunately 30-50% of the patients still develop a 
locoregional recurrence, a strong stimulus for further research to improve treatment.

prEdICtIvE And prognostIC fACtors: BIomArkErs

With the availability and application of various treatment modalities, survival amongst 
cancer patients has improved over the past decades (39). In fact, the addition of cisplatin 
over radiotherapy has increased survival by 8-10% (40).  Although this is a very positive 
development, it still means that about 90% who receive this cisplatin do not benefit in 
terms of survival and still experience toxicity. In recent years, a widespread search for 
new, tumor biology driven therapeutics has been initiated. This has raised intense interest 
in the elucidation of corresponding prognostic and predictive biomarkers in order to 
improve outcome by better patient selection for an anticancer treatment. 

A biomarker is defined as a characteristic that is objectively measured and evaluated as 
an indicator of normal biological processes, pathogenic processes or pharmacological 
responses to a specified therapeutic intervention. Biomarkers can be determined in easily 
obtainable body fluids like plasma, serum or urine. However, more invasive techniques 
requiring tumor tissue for immunohistochemistry as well as DNA and RNA analyses are 
also widely used. A prognostic biomarker provides information about the patient’s overall 
outcome, regardless of the therapy. The presence or absence of such a prognostic marker 
can be useful for the selection of patients for a certain treatment but does not predict the 
response to a particular treatment. 



11

1

Prognostic biomarkers can be separated into two groups: biomarkers that give information 
on recurrence in patients who receive curative treatment and biomarkers that correlate 
with the duration of (progression free) survival in patients with metastatic disease. 
According to an NIH Consensus Conference, a clinically useful prognostic marker must 
be a proven independent, significant factor that is easy to determine and to interpret, and 
has therapeutic consequences. A biomarker with predictive value gives information on the 
effect of a particular therapeutic intervention in a patient. A predictive biomarker can also 
be a target for therapy. One can further distinguish between upfront and early predictive 
markers. The first can be used for patient selection for a given treatment before starting 
therapy while the second provides information early during therapy. Early predictive 
markers could also help in the treatment of the patient by providing information whether 
to adjust or add to the present ongoing treatment. Early response on a PET-CT is often 
used as an early predictive marker.

In head and neck cancer several patient-related factors are known to be prognostic, 
such as age, sex and co-morbidity (41, 42). Tumor-related factors are also known 
to have prognostic value. The most widely used are T-stage and N-stage, but also 
histopathological features such as depth of infiltration, growth patters, extranodal tumor 
spread or angioinvasion are tumor related prognostic features (43-48). In addition, tumor 
volume, that in general is related to T-stage, is a known and robust prognostic factor (43, 
44) While useful for assessing prognosis, tumor volume could be regarded as having 
limited value for deciding on specific targeted treatments as it carries no biological 
information on the tumor. 

In addition to clinical factors, many studies have been done to find correlations between 
biological factors and outcome. This can be done using several techniques (49). For 
chemoradiation, multiple studies have been performed using immunohistochemistry 
to find a biomarker for response (50-56). Van de Broek et al (57) tested 18 biomarkers 
based on a literature review of possible genes with effects on chemoradiation response. 
A multivariate analysis showed that MRP2, Rb and P16 were predictive for local control 
in a large series of head and neck cancer patients treated with chemoradiation. The 
predictive effects of MRP2 and RB have yet to be validated, but P16 is generally accepted 
to be a surrogate marker for HPV. Once good prognostication based on a very limited 
amount of Immunohistochemistry markers (IHC) is validated, IHC is an ideal technique 
for categorization. However, immunohistochemistry has some disadvantages. First, it is 
not an optimal technique to test multiple markers as on each tissue section only one or 
a very limited number of markers can be tested. Furthermore, the interpretation of some 
of the stainings is not unequivocal, making it difficult to reproduce the scoring (58). In 
an attempt to overcome these estimations we have concentrated in this thesis on gene 
expression profiling using oligonucleotide arrays to search for outcome correlations.
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gene expressIon profIlIng

In the last decade, microarray technology was developed and refined. Using this 
technology it became possible to study thousands of genes simultaneously in one biopsy, 
and monitor the expression of these genes. Initially, cDNA was spotted onto slides, but 
the technology evolved to provide better sensitivity and reproducibility. At the time of 
the experiments described in this thesis, arrays were available in which all exons of almost 
all known genes could be monitored, providing not only increased accuracy compared 
with previous techniques but also the ability to detect splice variants. At the time this 
represented a revolutionary technology to study gene expression, and had a large impact 
on cell biology and on prediction studies. 

Many biological processes are monitored simultaneously and it makes no prior assumptions 
about which genes are important for a certain process. Two major disadvantages of studies 
involving a single gene or a few genes are thus overcome by genome-wide approaches. 
It should be noted here that expression microarrays have now been largely superseded 
by DNA and RNA next generation sequencing approaches, powerful techniques which 
provide useful mutation, splicing and chromosome rearrangement data in addition to 
expression levels. These were not available at the time of the present experiments. 
Concerning mRNA expression, and thus relevant to this thesis, RNA next generation 
sequencing and expression microarrays have been found to be largely concordant (59).

Another advantage of using genome wide expression approaches is that it should be 
possible not only to predict outcome but to help understand causes of success and failure 
by looking at the underlying molecular processes. These processes then form potential 
targets of therapy. However, to extract these data from the thousands of expression 
levels that are obtained from each sample is very difficult and only possible when many 
hundreds of samples are available. A disadvantage of genome wide assays is that so 
many data are gathered per sample that the chance of false-positive findings is high, so 
that many genes could correlate with outcome without being causative. To address this 
problem, bioinformatics approaches can be employed which include internal validation 
and algorithms to account for multiple testing. However, this remains an important 
consideration, and any promising gene expression profile found should be validated in 
independent series, preferably also by another clinic. 

In the last few years several promising profiles have been found (60-62) Some of these 
are becoming accepted as reliable markers for deciding breast cancer treatment, such as 
the Oncotype DX 21-gene signature (www.genomichealth.com) (63) and the Mammaprint 
70-gene signature (www.agendia.com) (64). Both can assess the benefit of receiving 
chemotherapy. Such signatures have been rigorously tested before being adopted for 
use in the clinic. Some of these potential signatures have been tested in large randomized 
controlled trials such as the MINDACT trial, where the mamma-print 70-gene signature 
is used to predict which patients would benefit from adjuvant chemotherapy in breast 
cancer. The accrual has finished and results are now awaited. To date, no signatures have 
been fully validated which predict outcome after chemoradiation in head and neck cancer. 
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Several gene expression profiles have been published in the last years concerning gene 
expression profiling in head and neck cancer. Roepman et al (65) and Nguyen et al (66) 
found a predictive gene-profile consisting of 102 and 85 genes respectively that could 
predict if patients with head and neck tumors did or did not develop regional metastases. 
The predictive profile by Roepman has recently been validated on an independent 
larger series of head and neck tumors. The authors propose a predictive model which 
incorporates this signature (67).

In addition to regional metastases, some studies have attempted to predict distant 
metastasis in head and neck cancer, although the results have not been very successful 
(68-70). Studies looking at overall outcome have also been performed. Belbin et al (71) 
found a 375 gene profile predicting overall outcome, although non-significant, and Chung 
and colleagues (72) defined a significant ‘high risk’ signature for head and neck cancer for 
treatments which included surgery as well as chemotherapy and radiation therapy. Finally, 
studies have been conducted to find a profile which could predict response to radiation 
or chemoradiation. Ganly et al (73), Dumur et al (74), Yamano et al (75) and Pavon et 
al (76) found predictive profiles, although these have not been validated. There are 
several possible reasons why some of these studies lack consistency. This can partially be 
explained by the use of different array platforms and techniques. In addition, intratumoral 
heterogeneity in mRNA expression could play a role, since it has been described that 
head and neck tumors can be heterogeneous at the genetic level (ploidy, amplifications, 
deletions) (77-79).

Several ‘radiosensitivity signatures’ have been reported which have been derived from 
cell line studies (80-82). These are of potential interest since intrinsic radiosensitivity of 
the tumor cells is likely to be one of the 3 major factors determining treatment outcome 
in addition to factors such as the extent of hypoxia and the repopulation capacity of the 
tumor (83, 84).  Several gene signatures for hypoxia have been defined from cell culture 
studies in which changes in gene expression have been monitored after exposure of 
the cells to different time periods and degrees of hypoxia (85, 86). The in-vitro derived 
hypoxia signature proved to be predictive in breast cancer.(85) In larynx cancer treated with 
radiotherapy alone, it also showed a correlation with local control in a univariate analysis, 
although significance was lost after correcting for multiple testing (87). Several gene 
signatures specific for proliferating cells, which represent repopulation, have also been 
reported, some of which have been tested as predictors in the clinic. In general, a high 
proliferation rate has been a bad prognostic factor in several cancer types (88) However, 
in HNSCC patients treated with combined radiotherapy and cisplatin or with radiotherapy 
alone, proliferation signatures were not predictive (87, 89). The radiosensitivity signature 
by Torres-Roca from 2005 has been successfully validated on several clinical datasets (90). 
These results encourage the continued search and integration of signatures from gene 
expression data with known clinical prognostic factors. 
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AIm And BrIEf outlInE of thIs thEsIs

The goal of this thesis was to find biomarkers through gene expression profiling, using 
microarray techniques, which can predict outcome after concurrent chemoradiation in 
head and neck cancer. The main endpoints for outcome were local control, locoregional 
control and disease free survival.

In Chapter 2 we describe a heterogeneity study, since it has been reported that head 
and neck squamous cell carcinomas are heterogeneous at the genetic level (77-79). In 
our studies correlating gene expression profiles with outcome, we planned to use single 
biopsies per patient for the microarray experiments. Heterogeneity within a single tumor 
could therefore influence the results. The purpose of this first study was therefore to 
measure intratumoral heterogeneity to see whether one biopsy would be representative. 
Such studies have been conducted for other tumor types but not for head and neck 
cancer. 

Chapter 3 describes a gene expression profile study with the purpose to find a profile, 
which could predict outcome after chemoradiation in advanced head and neck cancer 
patients. We therefore included only patients treated with this modality. All patients were 
included in a phase 2/3 trial, making it a well selected homogeneous study group. We 
searched for novel predictive profiles as well as testing published signatures.

In Chapter 4, a gene expression profile developed in vitro is introduced. This profile 
was not previously validated. The purpose of this study was therefore to validate this 
signature in several independent patient groups, including that presented in chapter 3. 
The signature was therefore tested on patients treated with chemoradiation for head and 
neck cancer, esophageal and rectal cancer, this all of epithelial origin. To our knowledge, 
this was one of the first studies to do this. 

In Chapter 5, clinical factors are discussed which are presently used to predict response 
to chemoradiation. In this study we combined well-known and established clinical 
factors with gene expression profiles found in the study described in chapter 3. We also 
investigated if an expression profile associated with HPV infection added predictive 
power. This was one of the first studies to combine clinical factors and gene expression 
profiles for prediction.

The role of HPV within patients treated with chemoradiation is discussed in Chapter 6, since 
HPV status is now recognized as an important factor affecting outcome in head and neck 
cancer. There are several ways to determine HPV status; including immunohistochemistry 
for p16 as a surrogate marker, DNA-PCR, measuring HPV DNA (91), and FISH (fluorescence 
in situ hybridization); looking at integration of the virus in the tumor genome (92). In this 
study we used these techniques to look at the incidence of HPV within this group as a 
whole and in subgroups, and the relationship of HPV status with outcome.

We conclude this thesis with a general discussion in Chapter 7



15

1

referenCes

1. Sturgis, E.M., The International Head and Neck Cancer Epidemiology consortium. Head Neck, 
2011. 33(1): p. 141.

2. Jemal, A., et al., Cancer statistics, 2010. CA Cancer J Clin, 2010. 60(5): p. 277-300.

3. Dutch Workgroup of Head and Neck tumors, Annual Report, 2010.

4. Brouha, X.D., et al., Laryngeal cancer patients: analysis of patient delay at different tumor 
stages. Head Neck, 2005. 27(4): p. 289-95.

5. International Agency for Research on Cancer 1986. 38.

6. Choi, S.Y. and Kahyo, H. Effect of cigarette smoking and alcohol consumption in the aetiology 
of cancer of the oral cavity, pharynx and larynx. Int J Epidemiol, 1991. 20(4): p. 878-85.

7. Brennan, J.A., et al., Association between cigarette smoking and mutation of the p53 gene in 
squamous-cell carcinoma of the head and neck. N Engl J Med, 1995. 332(11): p. 712-7.

8. Macfarlane, A., Teenage smoking. Lancet, 1995. 346(8978): p. 846.

9. Franceschi, S., et al., Comparison of the effect of smoking and alcohol drinking between oral 
and pharyngeal cancer. Int J Cancer, 1999. 83(1): p. 1-4.

10. Sturgis, E.M., Wei, Q and Spitz, M.R.  Descriptive epidemiology and risk factors for head and 
neck cancer. Semin Oncol, 2004. 31(6): p. 726-33.

11. Pirie, K., et al., The 21st century hazards of smoking and benefits of stopping: a prospective 
study of one million women in the UK. Lancet, 2012.

12. Lewin, F., et al., Smoking tobacco, oral snuff, and alcohol in the etiology of squamous cell 
carcinoma of the head and neck: a population-based case-referent study in Sweden. Cancer, 
1998. 82(7): p. 1367-75.

13. Talamini, R., et al., Combined effect of tobacco and alcohol on laryngeal cancer risk: a case-
control study. Cancer Causes Control, 2002. 13(10): p. 957-64.

14. Kim, L., King, T and Agulnik, M. Head and neck cancer: changing epidemiology and public 
health implications. Oncology (Williston Park), 2010. 24(10): p. 915-9, 924.

15. Sturgis, E.M. and Cinciripini, P.M. Trends in head and neck cancer incidence in relation to 
smoking prevalence: an emerging epidemic of human papillomavirus-associated cancers? 
Cancer, 2007. 110(7): p. 1429-35.

16. Klussmann, J.P., et al., Genetic signatures of HPV-related and unrelated oropharyngeal 
carcinoma and their prognostic implications. Clin Cancer Res, 2009. 15(5): p. 1779-86.

17. Lassen, P., et al., Effect of HPV-associated p16INK4A expression on response to radiotherapy 
and survival in squamous cell carcinoma of the head and neck. J Clin Oncol, 2009. 27(12): p. 
1992-8.

18. Fakhry, C., et al., Improved survival of patients with human papillomavirus-positive head and 
neck squamous cell carcinoma in a prospective clinical trial. J Natl Cancer Inst, 2008. 100(4): p. 
261-9.



Chapter 1

16

19. Ragin, C.C. and E. Taioli, Survival of squamous cell carcinoma of the head and neck in relation to 
human papillomavirus infection: review and meta-analysis. Int J Cancer, 2007. 121(8): p. 1813-
20.

20. van Houten, V.M., et al., Biological evidence that human papillomaviruses are etiologically 
involved in a subgroup of head and neck squamous cell carcinomas. Int J Cancer, 2001. 93(2): 
p. 232-5.

21. Klozar, J., et al., Human papillomavirus in head and neck tumors: epidemiological, molecular 
and clinical aspects. Wien Med Wochenschr, 2010. 160(11-12): p. 305-9.

22. Kreimer, A.R., et al., HPV16 semiquantitative viral load and serologic biomarkers in oral and 
oropharyngeal squamous cell carcinomas. Int J Cancer, 2005. 115(2): p. 329-32.

23. Chung, C.H. and M.L. Gillison, Human papillomavirus in head and neck cancer: its role in 
pathogenesis and clinical implications. Clin Cancer Res, 2009. 15(22): p. 6758-62.

24. Machado, J., et al., Low prevalence of human papillomavirus in oral cavity carcinomas. Head 
Neck Oncol, 2010. 2: p. 6.

25. Reimers, N., et al., Combined analysis of HPV-DNA, p16 and EGFR expression to predict 
prognosis in oropharyngeal cancer. Int J Cancer, 2007. 120(8): p. 1731-8.

26. Godefroy, W.P., et al., Free-flap reconstruction of large full-thickness lip and chin defects. Ann 
Otol Rhinol Laryngol, 2012. 121(9): p. 594-603.

27. de Bree, R., et al., Modern reconstruction techniques for oral and pharyngeal defects after 
tumor resection. Eur Arch Otorhinolaryngol, 2008. 265(1): p. 1-9.

28. Jereczek-Fossa, B.A. and R. Orecchia, Radiotherapy-induced mandibular bone complications. 
Cancer Treat Rev, 2002. 28(1): p. 65-74.

29. Forastiere, A.A., et al., Long-Term Results of RTOG 91-11: A Comparison of Three Nonsurgical 
Treatment Strategies to Preserve the Larynx in Patients With Locally Advanced Larynx Cancer. J 
Clin Oncol, 2012.

30. Bourhis, J., et al., Individual patients’ data meta-analyses in head and neck cancer. Curr Opin 
Oncol, 2007. 19(3): p. 188-94.

31. Dziegielewski, P.T., et al., Primary total laryngectomy versus organ preservation for T3/T4a 
laryngeal cancer: a population-based analysis of survival. J Otolaryngol Head Neck Surg, 2012. 
41 Suppl 1: p. S56-64.

32. Chen, A.Y. and M. Halpern, Factors predictive of survival in advanced laryngeal cancer. Arch 
Otolaryngol Head Neck Surg, 2007. 133(12): p. 1270-6.

33. Sherman, E.J., et al., TALK score: Development and validation of a prognostic model for 
predicting larynx preservation outcome. Laryngoscope, 2012. 122(5): p. 1043-50.

34. Bonner, J.A., et al., Radiotherapy plus cetuximab for locoregionally advanced head and neck 
cancer: 5-year survival data from a phase 3 randomised trial, and relation between cetuximab-
induced rash and survival. Lancet Oncol, 2010. 11(1): p. 21-8.

35. Merlano, M., et al., Cisplatin-based chemoradiation plus cetuximab in locally advanced head 
and neck cancer: a phase II clinical study. Ann Oncol, 2011. 22(3): p. 712-7.



17

1

36. Kreeft, A.M., et al., The surgical dilemma in advanced oral and oropharyngeal cancer: how we 
do it. Clin Otolaryngol, 2011. 36(3): p. 260-6.

37. Rasch, C.R., et al., Intra-arterial versus intravenous chemoradiation for advanced head and neck 
cancer: Results of a randomized phase 3 trial. Cancer, 2010. 116(9): p. 2159-65.

38. Pignon, J.P., et al., Meta-Analyses of Chemotherapy in Head and Neck Cancer (MACH-NC): an 
update. Int J Radiat Oncol Biol Phys, 2007. 69(2 Suppl): p. S112-4.

39. Carvalho, A.L., et al., Trends in incidence and prognosis for head and neck cancer in the United 
States: a site-specific analysis of the SEER database. Int J Cancer, 2005. 114(5): p. 806-16.

40. Michiels, S., et al., Surrogate endpoints for overall survival in locally advanced head and neck 
cancer: meta-analyses of individual patient data. Lancet Oncol, 2009. 10(4): p. 341-50.

41. Ferrier, M.B., et al., Comorbidity as a major risk factor for mortality and complications in head 
and neck surgery. Arch Otolaryngol Head Neck Surg, 2005. 131(1): p. 27-32.

42. Datema, F.R., et al., Impact of comorbidity on short-term mortality and overall survival of head 
and neck cancer patients. Head Neck, 2010. 32(6): p. 728-36.

43. Knegjens, J.L., et al., Tumor volume as prognostic factor in chemoradiation for advanced head 
and neck cancer. Head Neck, 2011. 33(3): p. 375-82.

44. van den Broek, G.B., et al., Pretreatment probability model for predicting outcome after 
intraarterial chemoradiation for advanced head and neck carcinoma. Cancer, 2004. 101(8): p. 
1809-17.

45. Robbins, K.T., et al., Factors predictive of local disease control after intra-arterial concomitant 
chemoradiation (RADPLAT). Laryngoscope, 2004. 114(3): p. 411-7.

46. Doweck, I., D. Denys, and K.T. Robbins, Tumor volume predicts outcome for advanced head 
and neck cancer treated with targeted chemoradiotherapy. Laryngoscope, 2002. 112(10): p. 
1742-9.

47. Mendenhall, W.M., et al., Preoperative chemoradiation for locally advanced rectal 
adenocarcinoma-the University of Florida experience. Semin Surg Oncol, 2003. 21(4): p. 261-4.

48. Rudat, V., et al., Prognostic impact of total tumor volume and hemoglobin concentration 
on the outcome of patients with advanced head and neck cancer after concomitant boost 
radiochemotherapy. Radiother Oncol, 1999. 53(2): p. 119-25.

49. Begg, A.C., Predicting response to radiotherapy: evolutions and revolutions. Int J Radiat Biol, 
2009. 85(10): p. 825-36.

50. Nemes, J.A., Z. Nemes, and I.J. Marton, p21WAF1/CIP1 expression is a marker of poor 
prognosis in oral squamous cell carcinoma. J Oral Pathol Med, 2005. 34(5): p. 274-9.

51. Pruneri, G., et al., Clinical relevance of expression of the CIP/KIP cell-cycle inhibitors p21 and 
p27 in laryngeal cancer. J Clin Oncol, 1999. 17(10): p. 3150-9.

52. Saito, H., et al., The expression of murine double minute 2 is a favorable prognostic marker in 
esophageal squamous cell carcinoma without p53 protein accumulation. Ann Surg Oncol, 2002. 
9(5): p. 450-6.

53. Yuen, P.W., et al., The clinicopathologic significance of p53 and p21 expression in the surgical 
management of lingual squamous cell carcinoma. Am J Clin Pathol, 2001. 116(2): p. 240-5.



Chapter 1

18

54. Buffa, F.M., et al., Molecular marker profiles predict locoregional control of head and neck 
squamous cell carcinoma in a randomized trial of continuous hyperfractionated accelerated 
radiotherapy. Clin Cancer Res, 2004. 10(11): p. 3745-54.

55. Ataman, O.U., et al., Molecular biomarkers and site of first recurrence after radiotherapy for 
head and neck cancer. Eur J Cancer, 2004. 40(18): p. 2734-41.

56. Fouret, P., et al., Tumour stage, node stage, p53 gene status, and bcl-2 protein expression as 
predictors of tumour response to platin-fluorouracil chemotherapy in patients with squamous-
cell carcinoma of the head and neck. Br J Cancer, 2002. 87(12): p. 1390-5.

57. van den Broek, G.B., et al., Molecular markers predict outcome in squamous cell carcinoma 
of the head and neck after concomitant cisplatin-based chemoradiation. Int J Cancer, 2009. 
124(11): p. 2643-50.

58. Wildeman, M.A., et al., Radiotherapy in laryngeal carcinoma: can a panel of 13 markers predict 
response? Laryngoscope, 2009. 119(2): p. 316-22.

59. Cancer Genome Atlas Researc Network, Comprehensive genomic characterization of squamous 
cell lung cancers. Nature, 2012. 489(7417): p. 519-25.

60. Marchionni, L., et al., Systematic review: gene expression profiling assays in early-stage breast 
cancer. Ann Intern Med, 2008. 148(5): p. 358-69.

61. Sparano, J.A. and S. Paik, Development of the 21-gene assay and its application in clinical 
practice and clinical trials. J Clin Oncol, 2008. 26(5): p. 721-8.

62. Paik, S., G. Tang, and D. Fumagalli, An ideal prognostic test for estrogen receptor-positive 
breast cancer? J Clin Oncol, 2008. 26(25): p. 4058-9.

63. Conlin, A.K. and A.D. Seidman, Use of the Oncotype DX 21-gene assay to guide adjuvant 
decision making in early-stage breast cancer. Mol Diagn Ther, 2007. 11(6): p. 355-60.

64. Glas, A.M., et al., Converting a breast cancer microarray signature into a high-throughput 
diagnostic test. BMC Genomics, 2006. 7: p. 278.

65. Roepman, P., et al., An expression profile for diagnosis of lymph node metastases from primary 
head and neck squamous cell carcinomas. Nat Genet, 2005. 37(2): p. 182-6.

66. Nguyen, S.T., et al., Identification of a predictive gene expression signature of cervical lymph 
node metastasis in oral squamous cell carcinoma. Cancer Sci, 2007. 98(5): p. 740-6.

67. van Hooff, S.R., et al., Validation of a gene expression signature for assessment of lymph node 
metastasis in oral squamous cell carcinoma. J Clin Oncol, 2012. 30(33): p. 4104-10.

68. Braakhuis, B.J., et al., Expression profiling and prediction of distant metastases in head and 
neck squamous cell carcinoma. J Clin Pathol, 2006. 59(12): p. 1254-60.

69. Cromer, A., et al., Identification of genes associated with tumorigenesis and metastatic potential 
of hypopharyngeal cancer by microarray analysis. Oncogene, 2004. 23(14): p. 2484-98.

70. Carinci, F., et al., Potential markers of tongue tumor progression selected by cDNA microarray. 
Int J Immunopathol Pharmacol, 2005. 18(3): p. 513-24.

71. Belbin, T.J., et al., Molecular classification of head and neck squamous cell carcinoma using 
cDNA microarrays. Cancer Res, 2002. 62(4): p. 1184-90.



19

1

72. Chung, C.H., et al., Molecular classification of head and neck squamous cell carcinomas using 
patterns of gene expression. Cancer Cell, 2004. 5(5): p. 489-500.

73. Ganly, I., et al., Identification of angiogenesis/metastases genes predicting chemoradiotherapy 
response in patients with laryngopharyngeal carcinoma. J Clin Oncol, 2007. 25(11): p. 1369-76.

74. Dumur, C.I., et al., Genes involved in radiation therapy response in head and neck cancers. 
Laryngoscope, 2009. 119(1): p. 91-101.

75. Yamano, Y., et al., Identification of cisplatin-resistance related genes in head and neck squamous 
cell carcinoma. Int J Cancer, 2010. 126(2): p. 437-49.

76. Pavon, M.A., et al., Gene expression signatures and molecular markers associated with clinical 
outcome in locally advanced head and neck carcinoma. Carcinogenesis, 2012. 33(9): p. 1707-
16.

77. el-Naggar, A.K., et al., Intratumoral genetic heterogeneity in primary head and neck squamous 
carcinoma using microsatellite markers. Diagn Mol Pathol, 1997. 6(6): p. 305-8.

78. Jin, C., et al., Karyotypic heterogeneity and clonal evolution in squamous cell carcinomas of the 
head and neck. Cancer Genet Cytogenet, 2002. 132(2): p. 85-96.

79. Tremmel, S.C., et al., Intratumoral genomic heterogeneity in advanced head and neck cancer 
detected by comparative genomic hybridization. Cancer Genet Cytogenet, 2003. 144(2): p. 
165-74.

80. Khodarev, N.N., et al., Endothelial cells co-cultured with wild-type and dominant/negative p53-
transfected glioblastoma cells exhibit differential sensitivity to radiation-induced apoptosis. Int 
J Cancer, 2004. 109(2): p. 214-9.

81. Torres-Roca, J.F., et al., Prediction of radiation sensitivity using a gene expression classifier. 
Cancer Res, 2005. 65(16): p. 7169-76.

82. Amundson, S.A., et al., Stress-specific signatures: expression profiling of p53 wild-type and -null 
human cells. Oncogene, 2005. 24(28): p. 4572-9.

83. Begg, A.C., Prediction of repopulation rates and radiosensitivity in human tumours. Int J Radiat 
Biol, 1994. 65(1): p. 103-8.

84. Begg, A.C., et al., Hypoxia and perfusion measurements in human tumors--initial experience 
with pimonidazole and IUdR. Acta Oncol, 2001. 40(8): p. 924-8.

85. Chi, J.T., et al., Gene expression programs in response to hypoxia: cell type specificity and 
prognostic significance in human cancers. PLoS Med, 2006. 3(3): p. e47.

86. Fardin, P., et al., Identification of multiple hypoxia signatures in neuroblastoma cell lines by l1-l2 
regularization and data reduction. J Biomed Biotechnol, 2010. 2010: p. 878709.

87. de Jong, M.C., et al., CD44 expression predicts local recurrence after radiotherapy in larynx 
cancer. Clin Cancer Res, 2010. 16(21): p. 5329-38.

88. Starmans, M.H., et al., Robust prognostic value of a knowledge-based proliferation signature 
across large patient microarray studies spanning different cancer types. Br J Cancer, 2008. 
99(11): p. 1884-90.

89. Pramana, J., et al., Gene expression profiling to predict outcome after chemoradiation in head 
and neck cancer. Int J Radiat Oncol Biol Phys, 2007. 69(5): p. 1544-52.



Chapter 1

20

90. Eschrich, S.A., et al., A gene expression model of intrinsic tumor radiosensitivity: prediction of 
response and prognosis after chemoradiation. Int J Radiat Oncol Biol Phys, 2009. 75(2): p. 489-
96.

91. Smeets, S.J., et al., A novel algorithm for reliable detection of human papillomavirus in paraffin 
embedded head and neck cancer specimen. Int J Cancer, 2007. 121(11): p. 2465-72.

92. Klussmann, J.P., S.F. Preuss, and E.J. Speel, (Human papillomavirus and cancer of the oropharynx. 
Molecular interaction and clinical implications). HNO, 2009. 57(2): p. 113-22.


