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In this thesis the scientific relevance of imaging and specific targeting of the hypoxic 
tumor has been demonstrated. However, to make this knowledge of value for the 
general society, it has to be converted into a product or process that can be applied 
and results in a benefit for the community. Cancer is one of the main causes of death 
worldwide and although the anticancer treatments are improving, there is no such 

 with 

approach to a more individualized treatment plan in which the anticancer therapy is 
adapted to the specific characteristics of the cancer. In this chapter, the knowledge 
obtained in this thesis will be placed in perspective of the valorization process, discuss 
its value for the general society, and the potential role in the future of cancer 
treatment. 

Clinical relevance 

Since the treatment of cancer patients is more and more moving into a personalized 
treatment, knowledge about the tumor and its heterogeneity is of great importance in 
selecting the most optimal treatment strategy. Conventional anti-cancer therapies are 
known to be less effective when tumors have regions of low oxygen concentrations, 
also known as hypoxia, and the prognosis of these patients is worse. Therefore there is 
a need for the detection of hypoxia and furthermore, additional treatment options for 
hypoxia targeting are needed to improve the prognosis. The information about the 
presence of hypoxia can be obtained by tumor biopsies. However, this technique is 
invasive and the information is based on a small piece of the tumor, not necessarily 
representing the whole tumor. In this thesis the topic of hypoxia PET imaging is 
discussed and investigated (chapter 2, 3, 4 and 5). The advantage of this technique is 
that it is noninvasive, repeatable, and does represent the whole tumor, thereby 
providing important information for the selection of patients suitable for a specific 
therapy. Hereby the treatment can better be stratified to the suited patients. Studies 
in this thesis validate three hypoxia PET tracers on several characteristics (chapter 3) 
and show an association between pretreatment monitoring of tumor hypoxia and 
therapy outcome (chapter 5). Although this thesis involves mostly preclinical work 
which cannot one to one be translated to the human situation, these kind of studies 
are needed to provide a first indication before moving to patients. For the hypoxia 
tracer [18F]HX4, which showed very promising results on preclinical level, promising 
data have been obtained from first clinical trials, underscoring the value of preclinical 
research. 
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This thesis also investigates potential new drugs that could sensitize tumors to 
radiotherapy. Since conventional anticancer therapies are less effective in hypoxic 
regions, specific drugs targeting these areas could improve the treatment outcome. In 
chapter 5 TH-302, a drug specifically activated in hypoxic regions, is investigated. The 
efficacy of this drug in combination with chemotherapy was already demonstrated and 
is currently under investigation in clinical studies. In this thesis the combination of TH-
302 and radiotherapy is studied for the first time and shows promising results, and 
based on this a first clinical trial will be started. Patients with hypoxic tumors could 
benefit from this additional hypoxia targeting treatment to the standard treatment 
they receive. 
 
From an economically perspective the application of hypoxia PET imaging would be of 
interest. When patients can be stratified into being hypoxic or not, their treatment 
plan can be adapted. Instead of randomly assigning patients to a certain treatment 
group, more specific treatment plans can be applied, resulting in a more cost efficient 
way of treatment. This also underscores the importance of good hypoxia targeting 
drugs (as investigated in chapter 5, 6 and 7), which can improve treatment outcome. 

Gain for society 

The translation of the scientific findings discussed in this thesis towards the daily 
clinical practice would result in a benefit for both doctor and cancer patient. First of all 
would the doctor be able to make better decisions in treatment planning and have a 
wider range of additional drugs available. A hypoxia PET scan would give information 
on the presence and amount of hypoxia, and even more value could be added when 
this monitoring of hypoxia could be extended from pretreatment monitoring only, to 
evaluating hypoxia over treatment. A first association between pretreatment hypoxia 
imaging and treatment outcome of a specific hypoxia targeting drug is demonstrated 
in this thesis, together with monitoring of the treatment effect after hypoxia targeting 
therapy (chapter 5). Furthermore when there is a broad range of drugs available, each 
specifically targeting a characteristic of a tumor, this would increase the tumor control 
probability. With this information on tumor hypoxia and with the specific targeting 
drugs present, the doctor could better help the patient. Therefore, not only the doctor 
will gain from these scientific findings, but also the patient will benefit, although the 
last mentioned will most likely not be aware of all the research that underlies the 
treatment. 
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Improve in health care 

The theranostic approach of this thesis could potentially contribute to an improved 
health care. Imaging of tumor characteristics like hypoxia has been demonstrated in 
this thesis (chapter 2, 3 and 5). Although this is still a very costly tool, it might be able 
to select patients for a specific therapy and monitor at early stage if the treatment is 
effective. By applying this noninvasive technique, patients are not exposed to 
situations that might interfere with their general health condition. One disadvantage 
of this technique is the scanning procedure, which involves an intravenous injection of 
a radioactive labeled tracer, followed by a scan 2 to 3 hours later in which the patient 
has to lay still. However, the obtained information can better select patients for a 
certain treatment group which might prevent patients from randomly being exposed 
to one treatment that is not suitable for them, causing switching between multiple 
treatments. The further development of specific hypoxia targeting drugs also 
contributes to this. Monitoring of tumor hypoxia is only relevant when specific 
treatments or drugs for these patients exist to improve their outcome. In this thesis 
two approaches have been investigated; direct targeting of the hypoxic regions by TH-
302 (chapter 5) and indirect hypoxia targeting via CAIX (chapter 6&7).  

Novelty of the concept 

The concept of visualizing tumor hypoxia is not new. Several techniques exist that have 
the potency to visualize the human body, the tumor in general and specific 
characteristics of the humor. For the detection of tumor hypoxia using PET, multiple 
tracers have been developed and validated in preclinical and clinical studies (as 
reviewed in chapter 2). However, the study described in chapter 3 is the first to 
compare three clinically used hypoxia PET tracers within one tumor model. Imaging of 
the hypoxia response by using small molecules to target CAIX (chapter 4) is also a 
known concept although so far this has only been successful using antibodies or 
relatively large molecules.  
 
Since conventional anticancer treatments are impaired by certain tumor characteristics 
like hypoxia, several drugs have been developed that specifically target those therapy 
resistant regions. The aim is to sensitize tumors to the conventional chemo- or 
radiotherapy and improve the therapeutic outcome. For TH-302, a hypoxia-activated 
cytotoxin, the combination with chemotherapy was already investigated in clinical 
trials and showed promising results. Therefore the novelty of chapter 5 cannot be 
found in the function of TH-302, but in the combination with radiotherapy. The 
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concept of sensitizing tumors by eradicating the hypoxic fraction has been studied 
before using other hypoxia-activated produgs, but was so far not effective. In our 
study, TH-302 showed to be a potent drug with its therapeutic effect being dependent 
on the amount of hypoxia.  
 
The idea to target CAIX as a therapeutic target has also been studied before. However, 
the approach of dual targeting, as described in chapter 7, is a novel concept. The drug 
investigated in this study is directed against both hypoxia as well as CAIX and with that 
aims to increase the specificity of the targeting. For this group of compounds a patent 
has been obtained, however, the efficacy of this class of drugs needs to be investigated 
in more detail before it can be used in the clinical practice. 

Road to the market 

The research described in this thesis does have a potential clinical relevance with a 
gain for society and could eventually lead to an improved health care. However, there 
is still a long way to go before this will all be implemented. Hypoxia imaging is already 
applied in clinical trials and has shown some promising first results. Although some 
first steps are taken, more, mainly clinical, studies are needed to really prove the 
additive value of hypoxia imaging before it will be used in daily clinical practice.  
 
Several steps need to be taken before the concept of CAIX imaging can be applied in 
clinical practice. First an imaging tracer needs to be developed and tested in pre-
clinical setting before first clinical trials, toxicology studies, can be performed. The 
strength of this concept could really be underscored if also a specific CAIX targeting 
drug would be available that has a clear demonstrated effect on treatment outcome. 
The combination of the two, imaging and targeting of CAIX, could be very interesting, 
but still has a long way to come. 
For the bioreductive drug TH-302 clinical trials are already in clinical phase III, however, 
this is in combination with chemotherapeutics. For the combination with radiotherapy 
a clinical phase I trial is about to start in esophageal cancer patients. Testing of those 
kinds of hypoxia specific drugs can be done very efficiently in the so-
opportunity trials’. After a first hypoxia PET scan which determines the hypoxic fraction 
present at start of the treatment, a single dose of the hypoxia targeting agent, in this 
case TH-302, should be given as a monotherapy. One week later a second hypoxia scan 
can than determine the effect on the hypoxic fraction and determining whether the 
patient responses to the drug in order to decide the specific treatment in this patient 
should be continued. After this the regular treatment, including the additional drug, 


