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Why Ion Beam Therapy (IBT)?
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Quantifying Advantage of IBT
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Advantage of Ion Beam Therapy

Chordoma Patients 5-Year Local Control
(source: Schulz-Ertner, Int J Radiat Oncol Biol Phys. 2007)

GSI – Darmstadt/Heidelberg Hospital, Germany
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FUTURE: “Personalized” Radiation Therapy and IBT

Research Directions in Ion Beam Therapy (IBT)
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“Personalized”
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PHYSICS / ENGINEERING
• PRE-Treatment

q Dual Energy CT (DECT) for stopping power estimation 
and better estimation before treatment

q Functional Imaging with PET-MRI for better staging 

• DURING-Treatment
q Prompt Gamma real-time Range Monitoring
q FLASH Radiation Therapy (also BIO)
q Mini-Beams Radiation Therapy (also BIO)
q Adaptive Radiation Therapy with in-room 4D MRI

• POST-Treatment
q Improved follow-up with PET-MRI or Whole Body PET 

to evaluate treatment response. (also BIO)
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BIOLOGY
• PRE-Treatment

q Genetic/Epi-Genetic Characterization and stratification of 
Tumor using biopsies or liquid-biopsies;

q Whole-Body PET for improve tumor staging for Hypoxia 
and radio-resistant regions within tumor. “Novel Tracers”

• DURING-Treatment
q During treatment functional characterization of Tumor to 

allow early treatment response assessment;
q During treatment liquid-biopsy for genetic/epi-genetic 

characterization to assess treatment impact.

• POST-Treatment
q Improved follow-up with PET-MRI and other functional 

imaging technology to evaluate treatment response.
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To treat the TUMOR (CTV) I need a dose distribution that’s larger (PTV)

Organ A

Organ B

CTV

PHYSICS/ENGINEERING
“Bragg Peak” Range Uncertainty

PTV

Proton therapy today… and tomorrow with range control



Page 927/04/2018

|

j.seco@dkfz.de

BIOLOGY
Exploiting Biological Knowledge to 

Stratify Patient Population
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Exploiting Biological Knowledge to 
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Exploiting Biological Knowledge to 
Stratify Patient Population

HPV - Human PapillomaVirus, CD44 - STEM Cell Marker



Page 1227/04/2018

|

j.seco@dkfz.de

ENGINEERING
Addressing Movement of Tumors during Treatment

4D CT of Moving Lung Tumor
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ENGINEERING
Addressing Movement of Tumors during Treatment

MRI of Moving Liver/LungViewRay MRIdian



Page 1427/04/2018

|

j.seco@dkfz.de

ENGINEERING
Addressing Movement with Proton MRI
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BIOPHYSICS
1) Reducing Metastastic/Migration Capacity

HT1080
Human
Fibrosarcoma

Ogata, et al. Particle irradiation suppresses metastatic potential of Cancer Cells. Cancer Res.. 2005, 65(1)
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Radiotherapy

Dose Rates Effects

BIOPHYSICS
2) FLASH Radiation Therapy
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FLASH: Reduces Normal Tissue Toxicity

60 Gy/s
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Building Evidence for FLASH
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BIOPHYSICS
3) Mini-Beam Radiation Therapy
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BIOPHYSICS
4) Mini-Beam Radiation Therapy
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Conclusions: 20 Year Vision Ion Beam Research
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ENGINEERING: 
Tumor Movement 
during Treatment
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DKFZ Group Relaxing!

Thank You for Your Attention J

QUESTIONS….
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