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Personalized chemo-radiation of lung, 

head and neck cancer
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Executive Summary

Respiratory epithelial cancers, i.e. lung cancer (LC) and head and neck cancers (HNCs) are 

leading causes of cancer mortality, in both men and women. Yearly about 9,000 Dutch persons 

are diagnosed with LC while 8,850 die of the disease. For HNC these numbers are 1,400 and 

850. Currently patients with LC and HNC are treated with surgery, radiotherapy and/or 

chemotherapy. Radiotherapy is often combined with classical chemotherapy such as cisplatin

(CDDP) or targeted therapies such as epidermal growth factor receptor (EGFR) inhibitors. While 

initial response rates can be impressive, survival rates are still disappointedly short, and 

treatment related morbidity is high. 

By linking molecular knowledge of LC and HNCs such as markers of radioresistance with recent 

advances in molecular imaging and novel techniques for selective irradiation, within the AirForce

consortium we aimed for optimally targeted individualized chemo-radiotherapy with improved 

therapeutic outcome, i.e. survival and quality of life.

AirForce has addressed these unmet clinical needs by developing biomarker tests and imaging 

approaches to come to (1) better prediction of therapy response, (2) avoidance of ineffective 

treatment with high morbidity, (3) therapy tailoring: adaptation of treatment when needed, (4) 

improvement of therapy decision making, and (5) reduction of costs of treatment.

Highlights include the identification of predictive and prognostic candidate biomarkers for chemo-

and/or radiotherapy efficacy and toxicity, such as secreted protein biomarkers, expression 

markers, methylation markers, markers on tumor stem cells and markers in exhaled breath. 

Several novel drug targets were identified. A panel of hypoxia tracers was developed and in vivo 

validated as well as a panel of EGFR, angiogenesis and multi-target tracers derived from 

monoclonal antibodies and tyrosine kinase inhibitors (TKI). Tracers were clinically evaluated. A

large set of PET-CT software tools was developed to allow accurate and reproducible tumor 

definition and to quantify and characterize tracer uptake. Tools were loaded in a software 

platform for broad scale data integration called Oncology Research Workstation Imalytics. 

Mathematical models such as nomograms were developed and validated that predict 

progression free survival, overall survival and toxicity (dysphagia, dyspnea), and let to the 

introduction of decision support systems that outperform doctors prediction. Improved strategies 

for radiation dose boosting were introduced. Some cost effectiveness studies on diagnostic and 

therapeutic procedures in LC and HNC were performed. Several of these findings have resulted 

in product development and follow up studies, mostly with private partners, for further clinical 

implementation.

Prof. dr. Guus van Dongen
Principal Investigator of the AIRFORCE consortium

"In the AIRFORCE consortium academic and industrial 
partners with unique complementary expertise in the 
fields of e.g. molecular and cell biology, biotechnology, 
clinical drug development, informatics, medical 
technology assessment and electronics will collaborate 
closely together, aiming the improved treatment of 
patients with tumors of the upper aero-digestive tract. In 
this project innovative molecular navigation tools will be 
developed and exploited for high precision tumor 
eradication by personalized chemo-radiotherapy. I think 
working in such a multidisciplinary translational setting is 
unique for Europe, and the grant we obtained will 
enable us to make a firm step forwards in a short time 
period."
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Translational Concept  - WP1

New biomarkers are required to

personalize treatment for the specific

tumor in the particular patient. Also

improved treatment protocols are required

with identical or improved efficacy but with

less toxicity.

Biomarkers are identified by:

ÅGenomics, methylomics and proteomics methods. 

Å In addition, volatile compounds in exhaled breath have been exploited as biomarkers. 

Å Using genome-wide functional siRNA screens, the relevant genes involved in cisplatin

and radiation response are identified, and novel druggable targets are found. 

Å Finally, prognostic risk models are generated to stratify patients on basis of survival 

outcome.

BIOMARKERS FOR PERSONALIZED THERAPY

More advanced stage lung- and head-neck cancer are treated by chemoradiation, the combination of

systemic cisplatin-containing chemotherapy and concomittant irradiation. Alternative treatments are at

hand, but there are no biomarkers available to personalize treatment. Treatment is invasive and

cisplatin causes serious toxicities. Development of personalized treatment approaches, improvement

of treatment protocols and substitution of cisplatin by targeted radiosensitizers may reduce toxicity and

increase treatment efficacy. Toxicity of cisplatin costs 11 Múper year on hospital stays in head-neck

cancer patients only.

CLINICAL NEED TOOLS



4

Translational Concept ïWP2

New PET tracers are needed to guide the 

optimal application of chemoradiation: the 

right treatment, for the right patient, at the 

right dose, at the right place, at the right 

time.

A panel of PET tracers for detection/delineation of tumors, and for visualisation and

quantification of (1) tumor characteristics related to chemo-radiosensitivity, (2) biodistribution

of radiosensitizing targeted drugs, (3) early tumor response. 

PET TRACERS FOR GUIDANCE OF CHEMO-RADIATION

For optimal chemoradiation of lung- and head-neck cancer, accurate delineation of the tumor is a first 

requirement. However, individual tumors differ in their sensitivity to treatment . It is know that tumor cell 

metabolism, proliferation and the level of tumor angiogenesis are major contributors to tumor response 

to radiotherapy. Some drugs directed against targets involved in proliferation and angiogenesis are 

capable to improve the efficiency of chemoradiation. For high-precision individualized therapy, PET 

tracers are need  of value for prediction and monitoring of chemoradiation efficacy.

Innovative PET-CT Colonoscopy has the highest sensitivity to detect colorectal cancer and is 

therefore considered the gold standard diagnostic test, also for follow up of patients with a 

positive stool test.  Nevertheless, colonoscopy can not distinguish low risk  colorectal 

adenomas from high-risk adenomas and carcinomas, leading to overtreatment . Moreover, 

colonoscopy is an invasive technique with discomfort to the patient. Combining biomarkers

CLINICAL NEED TOOLS
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Translational Concept ïWP3

New image analysis tools are needed to

guide the optimal application of 

chemoradiation: the right treatment, for

the right patient, at the right dose, at the 

right place, at the right time.

Improving tumor tracer uptake quantification and tumor delineation for treatment planning

and response assessment by means of development of new methods (1) for tumor

delineation, (2) to correct for partial volume effects and (3) patient motion, (4) development

of tools to measure changes in tumor tracer uptake and characteristic for treatment response

assessment and (5) methods to incorporate motion and biological information into

radiotherapy treatment planning system.

Development and validation of PET-CT Imaging software tools

Quantification of PET tracer uptake has added value for diagnosis, prognosis, prediction and response 

assessment. Quantitative PET may therefore play and important role for enhancing individualised

medicine. However, quantification of PET radiotracer uptake is limited by several factors, such as 

patient motion, limited spatial resolution of PET imaging systems, tracer uptake heterogeneity. 

Moreover, more new radiotracers are needed to allow for a more extensive in vivo assessment of tumor 

biology and characteristics. This new and more accurate information can then be used to enhance 

radiotherapy treatment planning, based on either tumor delineation/contouring or on dose painting.

During this projects several tools were developed to address the above mentioned issues. The 

developed tools will give rise to better diagnosis, reduced inter-observer variation for delineation, and 

better possibilities for targeting a part of the tumor (dose painting). This work package is primarily 

aimed towards lung tumors (where motion is an issue), but will be applied in head-neck cancer as well, 

where PET is used for tumor delineation. 

CLINICAL NEED TOOLS
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Translational Concept ïWP4

To improve the accuracy for predicting 

side effects and survival of lung- and 

head-neck patients. To gather useful 

information on the intra-tumor 

heterogeneity. To deliver specific 

inhomogeneous radiation doses to the 

tumor (dose painting).

By using existing validated and published predictive algorithms and improving them with new 

biomarkers. By comparing new imaging modalities with pathology. By using an innovative 

treatment planning system and by collecting new ñmolecularò information about specific tumor 

cell populations

MOLECULAR DIAGNOSTICS AND TOOLS

Integration and validation of pre-therapeutic molecular diagnostic and molecular imaging information in a 

user-friendly tool and to use this information in innovative treatment.

Å Model prediction outperforms doctorsô prediction for dyspnea, dysphagia and survival 

Å HX4 uptake represents tumor hypoxia on a macroscopic level

Å Uncertainty based planning has the potential to reduce dose to organs at risk

Fontanarosa et al. 2013

Dubois et al. 2011

Oberije et al. 2013

CLINICAL NEED TOOLS
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Translational Concept ïWP6

Easy-to-use integrated software package 

for optimal and standardized PET-CT 

imaging for individualized healthcare: 

ORW for lung and head-neck cancer

Better knowledge of treatment parameters 

and images in clinical trials

Å PET/CT analysis 

ÅWorkflow & integration 

Å Data collection through ECRF

Å Data mining

ONCOLOGY RESEARCH WORKSTATION (ORW)

The Philips research workstation Imalytics was used as the basis for the ORW. The 

workstation operates on a local DICOM image database and can be connected to other 

DICOM network nodes (e.g. PACS systems or imaging equipment). It was extended with a 

programming interface and that was used to integrate tumor segmentation algorithms, PET 

motion compensation, advanced image alignment, partial volume correction and remote control 

for serial analysis.

MULTI-CENTER CLINICAL AND IMAGE DATABASE 

WP6 supported the implementation of eCRF for the Umbrella protocol in which treatment 

information of 1589 lung cancer patients has been collected. To augment this data a possibility 

has been created to include DICOM scans, dose cubes, etc. from the PACS system for data 

mining. The eCRF can be exported to standard ODM CDISC format. Of the linked image data, 

a full anonymized UIDs are included for each event. This means that detailed correspondence 

between the event and scan is recorded by the submitted hospital avoiding extensive data 

management at the central site and allowing unattended data analysis (e.g., with Imalytics). 
CLINICAL NEED TOOLS
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Public-Private Partnership

Select the optimal treatment regime for 

individual patients and to find resistant 

regions within tumors where localized 

chemo-radiotherapy should be focused

APPLICATION

SCIENCE

éNEW CURE/CARE SOLUTIONSéTRANSLATE INTO APPLICATIONSGENERATE KNOWLEDGEé

Industrial partnersAcademic partners Supporting Foundations

PATIENT
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Organization and Partners

Advisory board

ISAC CTMM

CTMM
Workpackage leaders

WP1: Prof. R. Brakenhof (VUMC)

WP2: Prof. G. van Dongen (VUMC)

WP3: Prof. R. Boellaard (VUMC)

WP4: Prof. P. Lambin (MUMC)

WP5: Prof. H. Groen (UMCG)

WP6: Dr. M. van Herk (NKI)

WP7: Prof. C. Uyl (EUR)

Partners

Coordination

Finance

Publications

SteeringCie

Partner Representatives

CTMM

Project Team

PI: Prof. G. van Dongen, (VUMC)

Co-PI:  Prof. P. Lambin (MUMC+)

All WP leaders

All industrial partners

Dr. A.C. van Denderen (VUMC)

Dr. E. Caldenhoven (CTMM)

BG Medicine (USA)

Genmab (DK) 

MDxHealth (BE)

NKI

VUmc

Cyclotron

Agendia

MUMC +

Maastro

Mubio

DSM

UMCG

Philips

CTMM
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Budget: CTMM manages the flow of funds

Project costs:

- Personnel

- Materials

- Use of existing equipment

- Investments

- Third parties

- Management (5%)

Funding:

- 25% Academia

- 25% Industrial

- 50% Government Subsidy
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Facts & Figures

Distribution of the 

AIRFORCE consortium 

budgets to perform the 

R&D activities

Budget 16,9 M ú

Start 2008

End 2013

Partners 13
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Industrial Partners SME
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