
 

1. Publishable summary of 2nd Periodic Report 
Summary description of project context and objectives 
Loco-regional treatment is the mainstay of cancer cures in non small cell lung and head and neck 
cancer. For advanced stage cancer, dose intense multimodality treatment is required, however with 
substantial side effects. 
Our aim is to improve treatment outcome for patients with locally advanced head and neck and lung 
cancer by: 
1. Optimizing local control by introducing novel radiation techniques resulting in redistribution of 
the radiation dose, creating inhomogeneous dose distribution towards the most active part of the 
tumour instead of conventional homogenous doses. This redistribution can be performed without 
increase of toxicity. As recently reported radiation accidents in the US demonstrate, quality 
assurance (QA) is of utmost importance for safe radiation delivery in complex treatments. To assure 
accurate delivery over time, we will monitor both the patient’s geometry as well as the delivered 
dose using image-guided adaptive plan modifications and three dimensional (3D) in-vivo dosimetric 
verification. 
2. Maximizing the benefit of combined modality treatment. Both cisplatin and cetuximab in 
combination with radiotherapy (RT) have shown to improve local control and survival but both drugs 
have severe side effects. As these drugs are not active in all patients, there is an urgent need to select 
patients, who are sensitive to either drug. For this purpose the uptake of cetuximab will be estimated 
by imaging tumour uptake with 89Zr labelled cetuximab, while cisplatin-sensitive tumours can be 
selected by biomarkers that predict the cisplatin response, genetic profiles and HPV status. 
This project will: 
1. Optimise efficiency by selecting patients on treatment-specific tumour response predictors, 
tailoring radiation to the most active parts of the tumour. 
2. Improve quality of life by withholding ineffective, toxic treatments and by redistribution of the 
radiation dose. 
3. Decrease community costs by reserving expensive treatments for those who will benefit. 
This will be studied in randomized phase II clinical trials in top European institutes, followed by 
phase III trials outside this proposal. 
Objectives of the project 
The scientific objectives combine beyond state–of-the-art radiation technologies with novel 
approaches in patient selection based upon specific treatment response predictors. Furthermore 
strategies to overcome tumour resistance within this approach are developed. 
1. To deliver higher tumour doses by redistributing the radiation dose towards the area of the tumour 
that is highly positive in FDG-PET scans. 
2. To improve 3D QA by introducing advanced treatment monitoring into the clinic, in particular 
daily cone beam CT on the linear accelerator, repetitive FDG-PET imaging and electronic portal 
dosimetry for adaptive RT and patient specific 3D QA. 
3. To validate specific predictors for tumour response and normal tissue complication: individual 
mean lung dose, dose to organs at risk taking day to day deformation into account, uptake of 
89Zr-labelled cetuximab in vivo, biomarkers that predict the cisplatin response, genetic profiles, as 
well as HPV status. 
4. To improve strategies for biological and anatomical adaptive optimisation. 
 
Description of work performed and main results 
To prepare the very sophisticated novel irradiation techniques for use in clinical practice, several 
steps need to be taken, including software development for adaptive radiotherapy, 3D in vivo 
dosimetry, development of biomarkers for treatment response and new imaging methods. 
Adaptive radiotherapy 
For adaptive radiotherapy to account for anatomical changes, collecting all relevant imaging and 



planning data for improved outcome modeling and data mining was carried out. The electronic case 
report form (eCRF) of both the head-and-neck trial and lung trial have been extended with data 
anonymization and upload functionality. Data from the first patients have been uploaded and upload 
servers are being installed in the participating centers. A method to update the geometrical patient 
model was developed and validated. Using deformable image registration of repeat cone beam CT 
(CBCT) scans acquired during the first part of the treatment, the original planning CT is deformed to 
the average patient model. This method has the potential to obviate the need to acquire extra 
planning CT scans for adaptive radiotherapy and improve the accuracy beyond the current state of 
the art. 
Biological adaptive treatment planning 
The research infrastructure for the assessment of the tumour responsiveness based on two successive 
FDG PET scans, one taken at the planning stage, before the start of the treatment, and a second one 
taken during the second week of treatment, in relation to the delivered dose, has been developed. The 
evaluation of the early response for the 26 NSCLC patients showed that it is feasible to determine a 
threshold value for the effective radiosensitivity of the patients corresponding to good response. It 
also showed that there is a threshold value for the fraction of this value corresponding to poor 
response. 
In vivo dosimetry 
To develop and implement three dimensional (3-D) in-vivo dosimetry as an integrated quality 
assurance (QA) procedure to accurately verify dose delivery applicable to all the major teletherapy 
systems in the EU, we have designed a method for the calibration of the on-board cone-beam CT 
imager currently installed on linear accelerators. This step is necessary for accurate dose verification 
measurements. This verification can be performed using the software developed in this work package 
but users/clinics may also use the CBCT calibration procedure for a quick recalculation of the dose 
distribution inside the new anatomy derived from the CBCT in their own treatment planning system. 
The calibration procedure and validation of this method has been done. 
Biomarkers 
During the first period of the project, we identified pyridoxal kinase (PDXK), the enzyme generating 
bioactive vitamin B6, as a prognostic marker in three independent cohorts of non-small cell lung 
carcinoma patients. Now, we have demonstrated that the metabolism of vitamin B6 is implicated in 
the responses of cisplatin of head and neck carcinoma (HNC) cells in vitro. However, we failed so far 
to identify a correlation between PDXK expression levels in HNCs and clinical disease outcome in 
clinical settings. We are actively investigating the reasons underlying this. 
Imaging 
The assessment of innovative imaging modalities allowing better prediction of outcome and the 
individualization of treatment is being carried out in a multicentric setting. 
Visual analysis of 10 head and neck cancer patients (7 male, 3 female, age range: 45-68y) showed 
heterogeneous uptake of 89Zr-Cetuximab within the Gross Tumour Volume (GTV). We concluded 
that uptake of 89Zr-Cetuximab is visually heterogeneous and uptake differs in this group of patients 
with a squamous cell carcinoma of the head and neck. Quantification shows higher 
tumour-to-background uptake levels of tracer and drug distribution for scans acquired on day 7 than 
on day 4 post-injection. On the scans of day 7 post-injection, 8 out of 10 patients had significant 
tumour uptake (defined as Tumour Blood Ratio > 1.4). 
An analysis in lung cancer patients (including those of the PET-BOOST lung trial) has been 
performed on the overlap fractions and regions for both FDG and HX4 PET scans. We concluded 
that there is a positive correlation between FDG and HX4 uptake parameters on a GTV level. 
Hypoxic volume was larger for lesions with high FDG-uptake values and larger GTV volumes. 
Comparison of the heterogeneous uptake patterns shows a large diversity. In general a reasonable 
voxel-wise correlation is observed for the two PET tracers, although there are exceptions. The added 
value of HX4 in dose boosting strategies will be to define more accurately the therapy resistant 
voxels and limit the boost volume. 



Lung cancer trial 
All participants in the lung cancer trial attended an investigators meeting held in Amsterdam in 
September 2013 and a monthly Skype meeting is currently held to discuss study progress and clinical 
issues. 
For this report, the study database was closed on December 10 2013. At that time, 96 patients were 
registered and 61 randomized. The anticipated accrual according to the protocol was 120 patients in 
3 years or about 10 patients every 3 months. According to this calculation, 147 patients should have 
been randomized by now. The median follow-up of the sample was 252 days. 
At this time point, altogether 33 patients have progressed and of those who were randomized, this is 
reported for 18. In total, 33 patients have died of whom 18 were randomized. 
To conclude, registration rate is currently at 64%. There is a steady accrual and with an increasing 
number of participating institutions, this is expected to rise in the near future. The toxicity assessed 
in December 2013 did not reveal unexpected adverse events or serious adverse events. A total of 
6,9% patients died of hemopthesis. This is lower than expected; a 10-15% death rate due to 
hemopthesis was anticipated. 
Head and Neck cancer trial 
A second Investigators Meeting was held in Amsterdam, attended by multidisciplinary teams: 
radiation oncologists, dosimetrists, radiographers, physicists and nuclear medicine specialists. A first 
report of the feasibility and toxicity of both trials were presented. 
To increase the therapeutic ratio for head and neck cancers by pre-treatment selection and dose 
redistribution, a head and neck cancer trial has been designed. The protocol has been amended to 
incorporate the suggestions made during the Investigators Meeting. Protocol V5.0 is distributed to all 
participating centres and approved by the medical ethics committees. To date, 22 patients have been 
randomized and treated according this protocol in three centres. Unfortunately, Merck announced 
that it was no longer willing to provide cetuximab free of charge (after May 2014) which necessitated 
a significant adaptation of the protocol. An amended protocol V6.0 (with the same number of 
randomized patients) has been approved by the medical ethical committee in The Netherlands. We 
expect that approval will follow swiftly in the other participating centres and patient accrual will 
increase. The reasons for this expectation are: 
1) The nuclear medicine issues around the import and use of 89Zr-labelled cetuximab, preventing 
start of the trial in several institutes, will no longer be a problem. Moreover, the radioprotection rules 
with regard to its use in patients having received an 89Zr-labelled Cetuximab PET scan are no longer 
necessary. 
2) The standard arm will be similar to the standard treatment in the participating hospitals making the 
trial easier to explain to patients. 
3) Patients will no longer have to come to the radiotherapy departments twice a day. 
The first toxicity analysis has been done in March 2014. All patients who have finished treatment for 
more than 3 months have been included in this analysis, these are 15 patients. Median follow up was 
5.4 months. The worst grade acute toxicity was scored, during treatment and up to three months after 
treatment. All patients could finish their radiation treatment without delay. These acute toxicities are 
as expected from a curative chemoradiation treatment in the head and neck area. 20% of patients 
(3/15) were able to maintain oral feeding during treatment. 12 of the 15 patients received tube 
feeding. Of these patients, 2 started tube feeding before treatment and 10 on average in week 4 of 
treatment. Since all patients received at least one dose of Cetuximab, dry skin and rash were 
common. One patient had a rash grade 3, he fully recovered from this toxicity. 
We concluded that based upon the first toxicity analyses, this study protocol is feasible, as all 
patients could finish the radiation treatment as planned with toxicity as expected. Further follow up is 
needed to evaluate long term results. 
The dissemination of knowledge and expertise is being developed in close cooperation with the 
European Society for Therapeutic Radiology and Oncology (ESTRO). Presentations of the project 
are given at the annual society meetings and published in the ESTRO Newsletter. Involved 



personnel from consortium institutes are eligible for travel/exchange grants supported by the project 
and 6 grants have been awarded during this period. 
Expected final results and potential impacts 
This ARTFORCE project is aimed at improving the treatment outcome in patients with head and 
neck or lung cancer, treated with combined modality of radiotherapy and systemic treatment. The 
improvement in better tumour control will be reached by delivering higher radiation doses to the 
tumour while minimizing the radiation dose to normal tissues and by reducing toxic side effects of 
the systemic treatment. This will be obtained by: 
1. Novel irradiation methods in randomized clinical phase II trials, using information from 
innovative imaging approaches for the individual treatment design. 
2. Adapting the radiation treatment plans to individual patients’ anatomical and biological changes 
during treatment. 
3. Designing and validating new QA methods for sophisticated high tech radiation procedures. 
4. Validating methods of patient selection for treatment with a combination of radiation with 
cisplatin. 
Expected clinical benefit: Novel irradiation methods in randomized clinical phase II trials by using 
information from innovative imaging approaches for the individual treatment design, resulting in 
better treatment outcome. 
Adaptive Image Guided Radiation Techniques and Quality Assurance developed in this project will 
allow safe delivery of higher tumour doses in both head and neck and lung cancer patients and lead 
to at least a 15% improved local tumour control, in patients with head and neck tumours or lung 
cancer. This will result in an improved survival with fewer side effects. For non-small lung cancer 
this means that by adaptive radiation dose redistribution within the tumour the local progression free 
survival will improve after 1 year from 70 % to 85 %, which should have a direct impact on 
improvement of survival. For advanced head and neck cancer we expect that dose redistribution and 
adaptive RT to the primary tumour will lead to improvement of locoregional control at two years 
from 60 to 75%. The redistribution of the radiation dose will be directed to areas known to be 
therapy resistant and based upon new treatment planning algorithms developed in this project safe 
delivery of the higher radiation dose requires top level accuracy therefore new quality assurance 
methods for sophisticated high tech radiation procedures are implemented. 
Selection of patients for combined treatment of radiotherapy with cisplatin will lead to reduced 
toxicity from unnecessary treatment and a reduction of cost. It is even anticipated that by selecting 
sensitive patients, for example for cisplatin, the benefit in improvement of local control and survival 
as shown in the past for the overall patient population may even be much higher for the 
cisplatin-sensitive patients. 
Adapting the radiation treatment plans to individual patients anatomical and biological changes 
during treatment. 
Novel adaptive treatment planning algorithms will become available for adaptive radiotherapy. These 
algorithms are based upon anatomical and biological information from individual patients. These 
algorithms will be combined with biological information derived from novel imaging methods before 
and during treatment, to adapt the original treatment plan by implementing information on tumour 
response during treatment. The algorithms will be implemented as an add-on module into a treatment 
planning system intended to estimate accumulated dose, patient-specific treatment response and 
replan the radiation treatment based on biological optimization. 
Designing and validating new quality assurance methods for sophisticated high tech radiation 
procedures. 
The development of high tech radiation treatment procedures will be paralleled by the introduction of 
more intense quality assurance procedures and methods to prevent radiation accidents as recently 
reported. To assure accurate radiation delivery novel 3D-optimized image-guided radiotherapy 
(IGRT) techniques will be used. 3D monitoring and adapting of the radiation dose will be performed 
with repetitive anatomical cone beam CT scans on linear accelerators, as well as biological imaging 



by FDG-PET imaging. 
Finally, 3D in vivo portal dosimetry will be performed during the course of RT for optimal QA. All 
these steps will lead to a significant reduction in the occurrence of radiation incidents, but also lead 
to further optimization of the individual radiation treatment of cancer patients. 
Project public website address: www.cancerartforce.eu	  


