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23. April 2019 

New approach for range 
prediction improves accuracy 

of proton therapy – First 
clinical implementation 

Tumor therapy: Today, a new method for more  
accurate prediction of proton range is introduced  

into clinical routine for the first time worldwide 

Today (Tuesday, 23 April) marks the beginning of a new era in treatment 

planning at the University Proton Therapy Dresden of the University Hos-

pital Carl Gustav Carus, Dresden (Germany): For the worldwide first time, 

a new approach, increases the accuracy, safety and probably also the tol-

erability of proton therapy. The range prediction procedure was developed 

and extensively validated by medical physicists from the Dresden On-

coRay Center, the Helmholtz-Zentrum Dresden-Rossendorf and the Ger-

man Cancer Research Center in Heidelberg. Together with radiation on-

cologists, its clinical advantages were investigated. With the “DirectSPR” 

method, the proton range in human tissue can be predicted more accu-

rately and on an individual patient basis. The Dresden researchers were 

able to demonstrate that the volume of irradiated healthy tissue surround-

ing the target volume can be reduced by 35 to 40 percent. The range accu-

racy, which has remained practically unchanged for more than 30 years, is 

thus for the first time significantly improved. The patients in Dresden will 

be the first benefitting from this.  

Protons have particularly favorable properties for cancer therapy, as they re-

lease a large part of their energy exactly at the moment when they stop in the 

body. Thus, healthy tissue beyond the target can be better spared. However, 

medical physicists are faced with the challenge to determine the stopping be-

havior of the different tissue types, which the protons pass on their way to the 

tumor. So far, mostly conventional computed tomography (CT) images have 
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been used for this purpose. However, in human tissue the interaction processes 

of X-rays used for CT differ from those of protons used for therapy. Hence, the 

stopping behavior of protons and thus their total range can only be predicted 

with limited accuracy. For this reason, a safety margin of healthy tissue sur-

rounding the tumor needs to be irradiated with the same dose as the tumor to 

ensure that the tumor is completely irradiated. For prostate cancer, for example, 

this safety margin can be up to 12 millimeters. The range uncertainty concept in 

proton therapy has been standardly used since the 1980s. Also, the safety mar-

gins employed have been practically unchanged since then. 

Dual-energy computed tomography (DECT), which was originally developed for 

the field of Radiology, provides medical physicists with more meaningful infor-

mation for proton treatment planning. "So far, it was not possible to predict the 

range of the protons with high accuracy in patients," explains Dr. Christian Rich-

ter, head of the research group High Precision Radiotherapy at the HZDR, 

which is one of the three founding partners of the hospital-based OncoRay Cen-

ter, together with the University Hospital Dresden and the Technische Universi-

tät Dresden. "Until now, we were lacking a technology for determining the indi-

vidual parameters that define the stopping behavior of protons in different tissue 

types. With the DirectSPR approach, which is based on DECT, we are now able 

to do this. We can much better resolve differences in tissue composition be-

tween different patients, as well as in different tissues in the same patient, and 

take them into account during treatment planning. With this innovation, proton 

therapy becomes better tolerable, more accurate and also more tailor-made.”  

From the dual-energy CT scan, two CT images, generated with different X-ray 

spectra, are available for further processing. They contain substantially more in-

formation on required tissue characteristics than with the previous standard 

method using conventional CT. Nevertheless, patients are not exposed to a 

higher X-ray dose compared to conventional CT. The only difference is that they 

are moved twice through the CT scanner. The Dresden scientists were able to 

prove that the advantage of the DirectSPR method for range and dose calcula-

tion is not only theoretically existing, but also clinically highly relevant. 

"We have seen that the comprehensively validated DirectSPR approach, that 

was already proven to be more accurate, results in a proton range that is four to 
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eight millimeters different from the previous standard method – for deep-seated 

tumors. At that moment, the high clinical relevance of this innovation was imme-

diately clear to us," says Prof. Esther Troost, Director of the Department of Ra-

diotherapy and Radiation Oncology at the University Hospital Dresden and 

head of the research group Image-guided High Precision Radiotherapy at the 

HZDR.  

“As the results of the studies were so unequivocal, we wanted our patients to 

benefit from the new approach as quickly as possible. The lower radiation vol-

ume, for example in the brain, allows an even better protection of important 

neurological structures, such as the brain stem or the optic nerves. Thereby, we 

reduce side effects and make proton therapy even more tolerable for each indi-

vidual patient,” adds Prof. Mechthild Krause, also Director of the Department of 

Radiotherapy and Radiation Oncology at Dresden University Hospital and Di-

rector of the OncoRay Center. In concrete terms, this means a reduction of the 

safety margin for prostate treatments by around 35 percent, for brain tumor 

treatments even up to 40 percent.  

As early as 2015, scientists from the German Cancer Research Center (DKFZ) 

in Heidelberg together with colleagues from Dresden developed and optimized 

the calculation algorithm. With DirectSPR, the relative electron density and the 

effective atomic number are determined individually in each voxel and are then 

used to determine the stopping behavior, the so-called stopping power, of the 

tissue. The abbreviation SPR stands for “Stopping Power Ratio” and expresses 

the energy loss of the protons per distance travelled relative to the energy loss 

in water. 

An important prerequisite for the current clinical implementation of the Di-

rectSPR approach was the worldwide-first routine application of DECT for clini-

cal proton therapy planning at the University Hospital Dresden back in spring 

2015. This enabled the scientists to retrospectively evaluate the DirectSPR ap-

proach using real patient data, which was previously only possible in phantoms. 

By doing so, they gained valuable information about the clinical relevance of the 

new method. The results have also convinced industry: Siemens Healthineers 

has been collaborating with the researchers in Dresden since 2016 to make the 
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DirectSPR approach available as medical product to other proton therapy cen-

ters around the world. The product development will for the first time be pre-

sented at the international meeting of the European Society for Radiotherapy 

and Oncology (ESTRO) to be held from April 26 to 30, 2019 in Milan, Italy.  

“As translational researchers we would certainly not have been successful with-

out the excellent cooperation with the clinicians and clinical medical physicists 

at OncoRay,” says Christian Richter. He therefore regards the interdisciplinary 

and cross-institutional structure of the OncoRay Center with its three partner in-

stitutes – the University Hospital Carl Gustav Carus, the Helmholtz-Zentrum 

Dresden-Rossendorf and the Technische Universität Dresden – as an essential 

prerequisite for the rapid translation of research results into clinical application. 

The close cooperation with the Heidelberg Institute for Radiooncology at the 

National Center for Radiation Research in Oncology also makes it possible to 

bundle expertise and realize projects that would not have been implemented at 

one of the locations alone. 

 

 

 

 

 

 

 

Figure caption 

Advantage of improved accuracy and reduced range uncertainty: the treatment 

plan based on the DirectSPR method (left) results in a substantial dose reduc-

tion in the healthy tissue surrounding the target compared to the previous 

method (right, blue area in the dose difference map). This effects mainly brain 

tissue, but also optic nerves (yellow) and the brain stem (pink). In addition, a 

higher dose can be delivered in the target area adjacent to the brain stem (right, 

red area). The reduced range uncertainty results in fewer compromises in this 

area. © OncoRay / Christian Hahn, Nils Peters 
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OncoRay 

Das Dresdner OncoRay-Zentrum ist eine institutionenübergreifende Forschungsplattform mit einem 
besonderen Fokus auf Translationsforschung. Damit ist gemeint, dass Ergebnisse aus der Grundla-
genforschung gezielt zum Wohle von Patienten weiterentwickelt und in klinischen Studien getestet 
werden sollen. Ziel ist es, die Behandlung von Krebserkrankungen durch eine biologisch individuali-
sierte, technologisch optimale Strahlentherapie entscheidend zu verbessern. Hierfür bündelt On-
coRay die Stärken der drei Trägerinstitutionen – Universitätsklinikum Carl Gustav Carus, TU Dresden 
und Helmholtz-Zentrum Dresden-Rossendorf (HZDR).  

Rund 80 Wissenschaftler aus aller Welt arbeiten am OncoRay in fachübergreifenden Programmen 
mit Forschungsschwerpunkten in den Bereichen Medizin, Physik, Biologie und Informationswissen-
schaften. Herzstück des OncoRay-Forschungsgebäudes ist die Protonenanlage. Seit Ende 2014 
werden an der Universitäts Protonen Therapie Dresden (UPTD) Patienten behandelt. Den Wis-
senschaftlern bietet die Anlage die Möglichkeit, den Einsatz von Protonen in der Krebstherapie pati-
entennah und jenseits kommerzieller Zwänge zu evaluieren und weiterzuentwickeln. 

2010 ernannte das Bundesministerium für Bildung und Forschung das Dresdner OncoRay-Zentrum 
und das Heidelberger Institut für Radioonkologie (HIRO) gemeinsam zum Nationalen Zentrum für 
Strahlenforschung in der Onkologie (National Center for Radiation Research in Oncology, NCRO). 
Zusammen verfügen beide NCRO-Standorte über eine auch im internationalen Vergleich hervorra-
gende Infrastruktur und eine einander ergänzende Kompetenz in der Strahlenforschung. In gemein-
samen Projekten arbeiten die Partner eng zusammen. Das HIRO ist eine gemeinsame Einrichtung 
des Deutschen Krebsforschungszentrums, des Universitätsklinikums Heidelberg, des Heidelberger 
Ionenstrahl-Therapiezentrums und der Medizinischen Fakultät Heidelberg. 
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