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This thesis focuses on predicting response to chemoradiation in head and neck squamous 
cell carcinomas using gene expression profiling.  This discussion will emphasize different 
aspects of this technique, address some of the problems encountered and indicate some 
changing insights.

Heterogeneity of gene expression in head and neck tumors was investigated first. 
Although we concluded that there is some variance, one biopsy appears to be sufficiently 
representative for the tumor as a whole. This is an encouraging result for application 
of this technique, although it is realized that subtle changes in expression in minor 
subpopulations could still be present which would be missed by the present technology. 
More recent techniques, discussed below, also need DNA/RNA and since taking more 
than a single biopsy is impractical, heterogeneity remains a concern. This applies for all 
new techniques and tumors. Ideally, testing multiple biopsies, or studying larger tumor 
pieces, would reduce any heterogeneity problems but is usually not possible in practice. 
Despite the undoubted presence of intratumoral variation, the results in this thesis 
described for single biopsy studies appear to have prognostic and predictive power.

The Chung signature was found to be prognostic in our series of patients treated with 
chemoradiation (Chapter 3). The question arises as to why we did not find this or a similar 
profile independently using our data driven approach. The microarray platform we used 
contained information on 35k gene probes. With so many variables combined with the fact 
that only relatively few of these genes are likely to be important in determining outcome, 
it could be that the data driven methods used were not capable of highlighting these 
few important genes, despite the fact that we used the known bioinformatic analyses 
and statistics such as leave-one-out-cross validation, splitting the tumor series several 
different ways into training and validation sets, and using several different classification 
methods. 

It is of interest that the Chung signature is probably a prognostic signature rather than 
a predictive signature, since the original profile was found on a mixed series of head 
and neck tumors given different treatments (one modality or a combination of surgery, 
radiation and chemotherapy). In the first chapter of this thesis we discussed the difference 
between the terms ‘predictive’ and ‘prognostic’ markers. In general, predictive markers 
give information about the outcome after a specific treatment, while prognostic markers 
provide information about the overall survival or outcome. This difference is not always 
clear, however, and may be partly semantic. In head and neck cancer for instance, 
most patients die due to their locoregional recurrence. This implies that predicting the 
response to a therapy (i.e. locoregional recurrence) is also prognostic. Another example is 
hypoxia which is a known predictive factor for radiotherapy because it renders cells more 
radioresistant, but is also an important factor for chemotherapy for different biological 
reasons (e.g. drug sanctuary, reduced proliferation). It is therefore not a specific predictor 
for one treatment but it can be predictive for both treatments. These are examples that 
illustrate this grey area. However, a more important factor than which term should be 
applied is whether a biomarker proves to be useful in indicating which therapy should be 
given or withheld in an individual patient.
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The series of patients studied here included different tumor subsites of the head and neck 
and the application of two combined modalities, namely radiation and chemotherapy. 
In an ideal situation one would like to find a profile for response to chemotherapy and a 
separate profile for radiation, and subsequently combine these to obtain the maximum 
predictive information to select patients for either radiotherapy alone of chemoradiation. 
For example, it is unlikely that the set of genes determining the response to cisplatin are 
the same as those determining radiation sensitivity. Cisplatin sensitivity genes are likely 
to include those for nucleotide excision repair and some drug transporters, which are not 
known to affect the radiation response. Separating the modalities followed by combining 
predictors could also help understand in what way cisplatin has a synergistic effect with 
radiotherapy. 

In a study performed by de Jong et al (1), a more homogeneous group of T1-2 laryngeal 
carcinomas treated with radiotherapy alone was used to perform expression profiling by 
microarray experiments. Two advantages of this series are the single treatment modality 
and possibly less intratumoral heterogeneity accompanying less advanced tumors. The 
study indicated CD44, a putative stem cell gene, to be predictive. In the present series (see 
chapter 3) CD44 did not reach statistical significance as a predictor, although this gene 
and a second stem cell signature showed a strong trend for correlation with outcome. It 
is possible that other factors dominate in more advanced tumors as studied in our series.

Our microarray data were picked up by other scientists in the field, and Torres-Roca was 
able to find a radiosensitivity gene expression profile, which could predict outcome in 
our series and also in other cancer sites (Chapter 4). Recently this profile was additionally 
validated on two series of breast cancer patients (2). These data are consistent with 
the notion that intrinsic radiosensitivity can vary in tumors and is an important factor 
determining outcome in patients given radiotherapy. It is also consistent with previous 
data indicating that radiosensitivity of cells extracted from biopsies was shown to correlate 
with local control after radiotherapy in both cervix cancer (3) and head and neck cancer (4)

In addition to gene expression profiles, a further biological factor, which is now recognized 
as important in affecting outcome, is whether the tumor exhibits a human papilloma virus 
infection. This must therefore be taken into account when predicting outcome of therapy 
for this disease. Patients infected with HPV represent a distinct population within head and 
neck cancer patients. Distinguishing such patients from non-HPV patients could change 
the way we treat them. We showed that HPV could be determined with gene expression 
profiling (chapter 5). This could be of additional value to the golden standard, namely, 
P16 expression followed by FISH or DNA PCR for viral presence. Although we found 
that P16 alone appears to be a reliable and simple marker for routine usage (chapter 
6), making it a practical test, a positive P16 staining followed by FISH or DNA PCR is 
probably the most accurate test of HPV positivity.

Within the HPV-positive tumors there are also subgroups with different outcomes after 
therapy, as is described in chapter 6. This could have an effect on the treatment of this 
group. Instead of de-intensifying treatment for all HPV positive tumors, one could choose 
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to give a more intense treatment for the subgroup with a poorer outcome. Distinguishing 
these subgroups could also give insight into the mechanisms why some HPV positive 
tumors still responds poorly to therapy. These subgroups include EGFR positive and 
negative tumors, since we showed that EGFR positive tumors within our HPV positive 
series had a worse overall survival. This was measured using immunohistochemistry. 
Although the scoring was done as accurately as possible, the problems we discussed in the 
introduction remain a concern with some immunohistochemistry stainings such as EGFR, 
since quantification methods of immunohistochemical stainings are not standardized 
yet, but seem promising and are in an experimental phase (5), and you have to rely on 
personal interpretation of the scoring, which can differ between different studies. EGFR 
is not only a known biomarker, but also a target for therapy. But since the expression is 
generally high within head and neck squamous cell carcinomas, and expression level 
is not related to response to cetuximab ((6), the usability as a biomarker for cetuximab 
therapy can be doubted.  

Until now, prognostic markers used in head and neck cancer have been clinical factors. 
However, there is increasing knowledge of the biological (genetic) variability between 
tumors and how this affects treatment response. It is therefore highly probable that 
combining biological factors with clinical factors will provide better outcome predictors, 
especially given the limited power of clinical predictors alone. Gene expression profiles, 
as we and others have shown, can provide biological information useful for predicting 
outcome. The question remains as to which technique is the most suitable to find 
biomarkers and which profiles have consequences for treatment. 

Techniques have advanced considerably in recent years, and RNA/DNA sequencing is now 
evolving rapidly. A great advantage of this technique is the usage of paraffin material to 
extract the DNA/RNA. This makes it easier to investigate large clinical series. MicroRNAs 
(miRNAs) can also be studied this way. MicroRNAs have been shown to regulate the 
expression of up to 50% of human genes, including those involved in the response to 
radiation (7-9) and are often deregulated in cancer (10) Expression profiling of miRNAs 
is therefore a valuable additional tool in searching for outcome predictors, and it gives 
additional and independent information from messenger RNA (mRNA) profiling. Some 
miRNAs have been shown to be hypoxia inducible and one of these has been shown 
to have prognostic significance in HNSCC treated with postoperative radiotherapy (11). 
One way forward in the search for better genetic predictors would therefore be to add 
microRNA expression data to messenger RNA data.

It should be noted that in our series we mainly looked at mRNA levels, and as a 
consequence somatic mutations will not be found with this technique. It is likely that 
some of these mutations could lead to a change in the response to treatment, particularly 
if they affect for example DNA repair, tolerance to hypoxia or repopulating ability. The 
measurement of expression only therefore has limitations. In the future, as next generation 
DNA/RNA sequencing methods continue to improve, these will be applied in preference 
to microarray methods, since they provide both expression and mutation data.
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Protein levels and their possible post-translational modifications are also not measured 
with this technique. Ideally, since proteins drive cells, tissues and tumors, we would 
ideally prefer to measure these. Proteomics involves a variety of techniques, which could 
give insight into protein expression and their function. These techniques however are 
more difficult than expression profiling, since the chemical structure of proteins is more 
variable. This makes techniques such as array profiling more difficult, for example. It is 
likely however that proteomics may play a progressively larger role in prediction as the 
methods continue to be improved. Another interesting development is the kinase assay 
as developed by Pamgene. Kinases are an important drug target for treating cancer. They 
are involved in signal transduction. In cancer, the functioning of several protein kinases 
is altered, often deregulating cell division and thus contributing to tumor expansion and 
metastasis. Kinases function by catalyzing phosphorylation reactions. This assay can 
measure the activity of these kinase enzymes.

Despite the shortcomings of gene expression profiling by microarrays compared with 
other and newer techniques, it has proven to be successful in several tumors, leading to 
clinically and commercially used biochips (e.g. Mammaprint, Oncotype DX). We therefore 
conclude that this technique can be useful for clinical purposes, preferably combining 
these with clinical factors, as we have shown in this thesis. 

Ideally, one would like to be able to test multiple robust expression profiles, each 
measuring a relevant biological process (e.g. hypoxia, DNA repair, repopulating ability, 
drug transporters) and combine them together and with clinical factors to see which 
patients respond best to chemoradiation. In addition, one could consider giving alternate 
treatments to patients with tumors predicted to be resistant to the standard treatment. 
At present this extensive surgery combined with radiotherapy of chemoradiation or a 
combination of radiotherapy with cetuximab as other organ preserving modalities are 
currently not available. With the development of novel molecularly targeted drugs, 
some of which will influence the radiation response, it is expected that the number of 
alternatives will increase, and with it the usefulness of predictive biomarkers.

  A recent study by Forastière et al. showed that the 10-year overall survival rate for stage 
III and IV laryngeal carcinomas treated with chemoradiation was not significantly different 
from that for patients treated with radiotherapy only (12). When looking at trends for 
overall survival of advanced laryngeal carcinomas in recent years, the survival has become 
worse with chemoradiation compared to patients treated with a laryngectomy (13), while 
the prognosis for other head and neck sites has improved. Especially in nasopharyngeal, 
oropharyngeal and hypopharyngeal cancer, prognosis has increased, probably 
because of the increased use of chemoradiation and better radiotherapy techniques. 
In oropharyngeal cancer however, also the rise in HPV related cancer might be partially 
responsible for a better outcome in recent years. After chemoradiation, salvage surgery 
can sometimes be used if there is a recurrence. However, this surgery is more complicated 
and leads to more frequent and serious complications (14). Furthermore, the oncologic 
outcome for salvage surgery is often disappointing. These recent insights make it clear 
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that even though there are no other new organ preserving therapies in routine clinical 
practice, distinguishing potential responders from non-responders in chemoradiation 
is of the utmost importance, since predicted non-responders could be spared a toxic 
treatment, and for some tumors surgery is a good alternative. 

Organ preserving treatment protocols such as chemoradiation have been widely used in 
recent years. Although these treatments are organ preserving, retaining function, such as 
swallowing and voice is not always achieved (15, 16).

Individualizing treatment is the next step to achieve better results in head and neck cancer 
patients. Potentially this can be achieved with biomarkers combined with clinical factors, 
as discussed in this thesis, which should be applied during the testing of new modalities 
so that the best biomarkers can be derived for each new treatment. Whether we call these 
biomarkers predictive or prognostic is less important. More important is these markers 
possibly indicate biological mechanisms that can be targeted in the future, enabling 
more personalized treatment choices. Another possibility for the future could be based 
on Chemoselection, using the primary response to one cycle of induction chemotherapy 
as an in vivo method to select responders for definitive chemoradiation (17, 18), or ex-
vivo short term tissue cultures in which different treatments can be tested to select the 
most effective. 

In conclusion, we can state that it is possible to predict outcome after chemoradiation 
in head and neck cancer using gene expression profiles. New techniques such as next 
generation DNA sequencing and proteomics will offer more complete and accurate 
information and, in combination with clinical factors, can lead to better individualization 
of treatment and the consequent improvement in morbidity free survival.
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