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about image quality and imaging dose, and the possibility 
to change numerous acquisition settings doesn’t make 
the task of developing clinical protocols easier. In 
addition, there are many options for image registration 
and deriving optimal couch shifts that must be 
understood and applied in the appropriate situation. 
Finally, radiographers must be trained to recognize 
anatomical changes in CBCT such that appropriate actions 
are taken, e.g. adaptation. The aim of this talk is present 
the current status and work towards standardizing 
protocols for these tasks. 
One of the issues that frequently are raised is concern 
about imaging dose. However, it must be clear that dose 
required for a CBCT scan will depend on the imaging task. 
In many cases that would be image registration of the 
bony anatomy to derive a setup correction. The amount 
of dose that is needed for this task is one or two orders of 
magnitude smaller than for a diagnostic task because 
registration uses information of tens of thousands pixels 
and is hardly affect by noise. To be able to recognize 
anatomical changes in the images, often contrast 
between water and tissue is used, and this also remains 
visible at very low doses. So CBCT dose and scan time are 
not a given but must be optimized for each clinical task.  
Users should also be aware by limitations and possibilities 
of the technology. The ability of the IGRT system to 
automatically localize anatomy depends critically on 
deformations within the region of interest used for 
registration and selection of the region of interest is 
therefore an important clinical decision. Also the way 
that the IGRT system deals with rotations is important 
and the appropriate settings can depend on the choice of 
isocentre and other settings within the system.   
Finally, because CBCT provides volumetric information, it 
conveys medically important information about the 
patients’ anatomy that radiographers should be able to 
read as to alert a physician or physicist when needed. 
Examples are weight loss, gross postures changes or 
atelectasis in the lungs. Training of the radiographers is 
essential such that such problems are detected and 
reported when critical.  
For all of these tasks, clinical application of CBCT is 
highly augmented by developing clear clinical and 
technical protocols, such that imaging dose is 
appropriate, acquisition and analysis settings are setup 
per patient cohort, and rules are in place to detect 
relevant anatomical changes. These save a lot time, and 
reduce the likelihood of errors. 
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Abstract text  
Linac-integrated cone-beam CT (CBCT) has enhanced the 
practice of radiation oncology since, immediately prior to 
delivery of radiotherapy (RT), systematic and random 
patient positioning discrepancies can be measured and 
corrected in a quantitative and volumetric manner.  
Improved geometric accuracy is beneficial since one can 
ensure that the target is within the irradiated volumes 
and that organs at risk are not allowed inadvertently into 
the high dose volumes.  Several studies have 
demonstrated or confirmed that frequent CBCT image 
guidance results in gains in the precision and accuracy of 
radiotherapy delivery.  Nowadays, confidence in the 
CBCT image guidance process is such that high dose, low 
fractionation radiotherapy regimens are commonplace.  
However, by comparing successive CBCT images acquired 
throughout a course of radiotherapy, users have quickly 
noted hints of changes in internal anatomy, such as 
tumor shrinkage, physiological motions, or drug side-
effects. Monitoring patient positioning and anatomy with 

CBCT throughout a course of radiotherapy allows 
clinicians to identify and characterize variations that may 
affect treatment accuracy.  One such variation is 
positional stability though a single or multiple fractions of 
radiotherapy.  CBCT systems can be used to compare 
directly the positional stability obtained for various 
immobilization devices, challenge assumptions regarding 
the reproducibility of patient positioning, study variations 
as a function of how much time the patient spends on the 
treatment bed, or what stability is to be expected of 
patients of various ECOG performance status.  The 
second type of variations identified and characterized by 
CBCT involves on-treat changes in patient anatomy.  
Using CBCT images intended for image guidance, one can 
observe tumor shrinkage or displacement, the 
deformation of organs at risk due to physiological 
motions, like the bladder or rectum, or changes in organ 
density caused by atelectasis or pleural effusion.  Both 
types of variations have the potential to modify notably 
dose distributions.  Knowledge of these variations can 
influence positively how radiation therapy is delivered by 
removing their causes, by reducing their impact, or by 
empowering changes to the therapeutic approach.  This 
can be achieved by identifying better immobilization 
methods, identifying adequate imaging frequency, using 
different patient management approaches, or by 
informing clinicians when replanning or adaptation of 
therapy is required.  Examples from clinical experience 
and literature will be presented, illustrating how CBCT 
imaging has improved the quality of head and neck, 
prostate, lung, liver, and prostate cancer radiotherapy. 
CBCT image guidance can, by identifying, understanding 
and managing variations encountered in radiation 
therapy, improve the quality of radiotherapy.  This 
improvement can, in turn, positively influence treatment 
outcomes. 
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Abstract text 
The European guidelines propose a framework to unify 
the test parameters for evaluation of image quality and 
radiation output in all kinds of CBCT systems, including 
radiotherapy, but also dental and interventional 
radiology. The experience from all participant 
associations has contributed to reach a consensus that is 
rigorous and helpful for the practice.  
A protocol to objectively perform acceptance and 
constancy tests of these modern scanners, describing the 
necessary measurements of radiation output and image 
quality parameters, has been developed by international 
consensus. Representatives of the European Federation of 
Organizations of Medical Physics (EFOMP), the European 
Society for Radiation Oncology (ESTRO) and the 
International Atomic Energy Agency (IAEA), in agreement 
with the American Association of Physicists in Medicine 
(AAPM) and the European Radiation Dosimetry Group 
(EURADOS) joined their efforts to produce the guideline 
“Quality control in CBCT”.  
Image quality is assessed by measurements of uniformity, 
geometrical precision, voxel density values (or Hounsfield 
units), noise, low contrast resolution (using the contrast-
to-noise ratio) and spatial resolution (using the 
modulation transfer function in an axial slice and a 
sagittal or coronal slice) using dedicated phantoms and 
evaluation software; the protocol includes instructions to 
perform the image quality measurements using free 
downloadable software Several methods have been 
proposed to assess radiation output, either  in terms of 
kerma-area product with a meter attached to the tube 
case or in terms of dose to the isocenter utilizing a solid 
state dosimeter attached to the flat panel, through a 
simple geometric relation. 
The guidelines also contain summary tables of action 
levels and recommended frequencies for each test to 
determine when more in depth system analysis (using 
conventional tests) and corrective maintenance work 
would be required. The guidelines include a wide variety 
of tests, which are straightforward to apply by various 
professional categories and aim to objectively evaluate 
the performance and to monitor the constancy of the 
CBCT systems. The guideline is available for free 
download from the EFOM Pwebsite: 
https://www.efomp.org/index.php?r=fc&id=protocols  
Dedicated to our deceased colleague and friend Wil van 
der Putten, who co-founded the working group 
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Abstract text  
Technological advances in molecular biology and 
biotechnology are increasingly used for the development 
of new tumor targeting tracers. In oncology, major 
progress has recently been achieved with peptidic and 
proteinaceous compounds. This relies on the identify-
cation and validation of new target structures in close 
conjunction with the application of new techniques for 
the development of new biocompatible molecules. These 
techniques identify lead compounds followed by the 
screening of various derivatives of these molecules. 
Hence, high-throughput methods have been applied that 
generate vast libraries of epitopes. These libraries are 
screened to identify the few variants that bind with high 
affinity to the target structure. A key feature of this 
strategy is the huge number of candidate molecules that 
can be identified. Their further evaluation and 

optimization consists in the characterization of the 
structure-function relationships and subsequent improve-
ment with respect to binding, internalization and 
biodistribution by rational design of corresponding 
analogues. 
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Abstract text  
Background: Dose escalation is a certain way to increase 
tumor control probability (TCP), but limited by the 
collateral increase in normal tissue complication 
probability (NTCP). The available option to widen the 
therapeutic window, besides radiation sensitivity 
manipulations by pharmacological or similar means, is to 
re-distribute the dose over the target volume into a TCP-
maximization pattern. Shaping the dose pattern based on 
functional imaging (FI), i.e. dose painting, has long been 
proposed but is far from mainstream, mainly because of 
lack of confidence in the interpretation of functional 
image values and mapping into optimal dose. Mechanistic 
interpretation of local image values into radiosensitivity 
data may be hazardous because of complex biology and 
confounding pathways, making empirical approaches 
appealing. However, simple cell survival dynamics can be 
utilized to prove that the optimal dose for each voxel is 
when the gradient direction of the total TCP function (in 
the multidimensional dose space of one dimension per 
voxel) is aligned with the gradient direction of the mean 
dose function. Utilizing this for prescriptions require 
knowledge of the image driven voxel TCP functions, 
including their dose derivatives to find the gradients. 
Until clinical studies fully establish feasible FI based 
prescriptions, the available route for empirical 
determination of voxel TCP functions will be by 
correlation of pre-treatment images with outcome of 
conventional RT with homogeneous dose or, with other 
words; failure driven analysis of recurrences.   
Methods 
In a study for head and neck squamous cell carcinoma 
(HNSCC) we used pre-treatment FDG-PET SUV and post-
treatment outcomes for a learning set of 59 patients 
treated with an average dose of 70 Gy to the primary 
clinical target volume. Of these 17 patients had local 
recurrences (i.e. a population based TCP=1-17/59=71%) 
with estimated recurrence sites marked on the pre-
treatment FCG-PET yielding SUV-dependent voxel TCP 
estimates at 70 Gy. By means of lognormal TCP 
parameterizations, these data could be extrapolated and 
renormalized so that the observed population TCP was 
reconstructed, which allowed for dose painting 
prescriptions. In another study for prostate cancer we 
used a learning set of pre-RT Gleason scores and post-RT 
outcomes for 122 high-risk patients, treated with 91.6 Gy 
EQD2 resulting in 74% TCP with endpoint 5-years freedom 
from biochemical recurrences post-RT. By assuming a 
linearly decreasing voxel TCP with Gleason scores above 
a lower limit, Gleason based TCP functions could be 
established in a similar manner as for the HNSCC 
patients. Based on published correlations of Gleason 
scores and ADC values from diffusion MRI, a probabilistic 
mapping of ADC to Gleason scores was constructed, thus 
linking ADC images to voxel TCP functions amiable for 
dose painting prescriptions. Based on these data, dose 
painting prescriptions were derived in both studies with 
the mean target dose constrained to be equal as for the 
conventional treatments of the learning sets.   
Results 
For both patient groups the dose painting prescriptions 
showed increased TCP as compared to the conventional 
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