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Publishable Summary of the project 

 

Loco-regional treatment is the mainstay of cancer cures in non small 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 in locally advanced head and neck and lung cancer 

patients 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. 

 

This proposal 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 dose.  
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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 the work performed since the beginning of the project and the main 
results achieve so far 
 
The project started with an intensive Investigators Meeting held in Amsterdam, which was 

attended by multidisciplinary teams: radiation oncologists, dosimetrists, radiographers, 

physicists and nuclear medicine specialists.  At this meeting modifications to the two clinical 

protocols were presented and agreed upon, including the required interactions with the other 

work packages.   

In preparation for the clinical trials, to homogenize the treatment planning and to guarantee 

the correct delivery of the radiation treatment and quality assurance of patient treatment, two 

promising candidate deformable image registration algorithms were selected.  RayStation, a 
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CE-marked product facilitating a straightforward clinical application will be made available to 

participating ARTFORCE institutes as a deformable registration and contour propagation 

platform to implement adaptive re-planning. QA platforms were developed for treatment 

verification and 3D dosimetry.  This part was required for optimal quality assurance of the 

radiation procedures of the two clinical trials involved in this project.   

 

In the head and neck clinical trial blood and tumour tissue will be collected for biomarker 

research in order to predict which patients are sensitive to cisplatin or cetuximab treatment in 

combination with radiotherapy. The first step was reached by demonstrating that vitamin B6 

influences cell death in more than 20 cancer cell lines, while pyridoxine exacerbated the 

cytotoxic response of head and neck cancer cells to cisplatin, providing herewith further 

evidence in support of the notion that parameters reflecting the proficiency of vitamin B6 

metabolism may have a prognostic or predictive value for HNC patients. 

 
In order to adapt the radiation treatment to the most active part of the tumour, standardized 

protocols have been designed for the PET procedures.  

 

Infrastructure for production of 89Zr-

cetuximab has been designed to guarantee a 

constant and consistent production of the 

labelled cetuximab.  The PET CT scans with 
89Zr cetuximab were tested and dummy run 

procedures have been developed. Research 

has been performed to optimize the timing 

for hypoxia measurement and it has been 

shown that hypoxic tumours show a decrease 

of [18F]HX4 uptake during radiotherapy 

treatment meaning reoxygenation of the 

tumour during radiotherapy.   

 

 

 

 

 

The FDG-PET-CT and a 89Zr-cetuximab  
scan of trial patients 
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The lung trial in dose-escalation by boosting radiation within the primary tumour based on a 

pre-treatment FDG-PET scan was prepared and approved by the Medical Ethics Committee.  

This was followed by a dummy run procedure and tumour delineation and treatment planning 

by the participating institutes. Since the start of the trial already 42 patients have been 

randomized. 

 

 

 

 

 

The head and neck trial for increasing the therapeutic 

ratio for head and neck cancers by pre-treatment 

selection and dose redistribution has been designed 

and approved the Medical Ethics Committee.  Also for 

this trial, tumour delineation and treatment planning 

dummy run procedures were carried out by the 

participating institutes.  The first patient was randomized and treated in September 2012.  

This patient successfully underwent 89Zr-cetuximab PET-CT scan.  

 

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 will be 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.  

 

 

Expected final results and their potential impact and use 

 

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 with a cytostatic drug cisplatin or a targeting agent cetuximab. 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: 

Radiation dose distribution with a high dose of 84 
Gy on the FDG-PET active tumour area of the 
same patient (fig A and B) as above 
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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 or with cetuximab. 

 

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 or with cetuximab 

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. Similarly, this may 
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also apply for patients with a high cetuximab uptake as shown with the 89Zr cetuximab-

labelled PETscan.  

 

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. 

 

Address of the project public website:  www.cancerartforce.eu 

 

ARTFORCE Consortium Members 

 

The Netherlands Cancer Institute, Amsterdam, The Netherlands 

Karolinska Institute, Stockholm, Sweden 

The European Society for Therapeutic Radiology and Oncology 

Maastro Clinic/University Hospital, Maastro, Maastricht 

http://www.cancerartforce.eu/
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Institut Catala de Salut, Barcelona, Spain 

Institut National de la Santé et de la Recherche Medicale (INSERME) 

RaySearch Laboratories AB, Stockholm, Sweden 

The Christie NHS Foundation Trust, Manchester, United Kingdom 

Institut Gustave Roussy, Villejuif, France 

Antoni van Leeuwenhoek Ziekenhuis, Amsterdam, The Netherlands 

Stockolms Laens Landsting, Stockholm, Sweden 

 


