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widening the therapeutic window
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physical beam properties

Protons
175 MeV

Helium ions
175 MeV/u 

Carbon ions
330 MeV/u 

Beam



physical rationale for ion beam therapy

potential aims of ion beam therapy
• Dose escalation                                   -> improving outcome 
• Sparing of normal tissue                    -> reduction of late sequelae
• Reduction of irradiated volume        -> reduction of 2nd malignancies

particularly relevant if
• Very high radiation dose is needed
• Very sensitive patients/structures are involved





potential reduction of late effects
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protonen photons



German society of radiation oncology

Proton beam therapy

• is NOT considered being experimental
• is considered to be a proven radiation technique
• can be performed according o photon standards
• does not need special approval (radiation safety board) if dose/ 

volume concepts are alike photon concepts
• may help to reduce dose to normal tissue
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RBE - relative biological effectiveness

RBE is often determined
at 10% cell survival

10 Gy with photons

2.85 Gy with high LET

RBE0.1 = 10 Gy / 2.85 Gy = 3.5



biological rationale for ion beam therapy

biological properties of (heavy) ion beam therapy
• Increased relative biological effectiveness (RBE)
• More efficient in killing hypoxic tumor cells
• Independent of cell cycle

particularly relevant for
• Large inoperable diseases
• Radio-resistant tumors
• Previously with conventional radiation treated diseases



Ciernik IF et al., Cancer 2011

osteosarcoma

-spinal cord
-optic system
-brain stem

ION BEAM THERAPY

conventional RT



„OSCAR“ trial

• Inclusion criteria: inoperable high grade osteosarcome with

or without distant metastases

• Primary endpoint: safety and feasability

(rate of ≥ grade IV acute- or late toxicity)

• Secondary endpoints: metabolic response evaluation by

FDG-PET/CT, local control, overall survival, progression free

survival

neoadjuvant chemotherapy
according to

standard treatment protocols
week 1 bis 10

Ion Beam Therapy
54 Gy(RBE) protons + 
18 Gy(RBE) carbon ion

week 11-17

adjuvant chemotherapy
according to

standard treatment protocols
(e.g. EURAMOS 1, HR 1 (MAP))

week 18-35

prospective, single arm, monocentric phase II trial, n=20



typical examples
MRT pre RT                    PET pre RT                    dose distribution MRT post RT                    PET post RT



In the context…
research group modality overall Survival PFS comment

OSCAR P + C 68 % (2 years) 45 % (2 years)

COSS-Kollektiv Heterogen 41 % (5 years) 26 % (5 years)

DeLaney 2002 Ph / P 66 % (5 years) 40 % (5 years) surgery,
rarely pelvic

Ciernik 2011 P 67 % (5 years) 65 % (5 years) surgery, high tox. 
(>30 %grade III-IV)

Matsunobu, 2012 C 58 % (2 years) n/a, 2y-LC 73 % surgery, short FU, 
10 % grade III-IV

Kamada, 2002 C 46 % (3 years) n/a, 3y-LC 73 % surgery

Mohamad, 2018 C 50 % (3 years) 35 % (3 years) Incl. pelcvic, 
15 % grade III-IV



GSI    experience (1997 – 2009)
- malignant salivary gland tumors -

Jensen et al. 2015



ACC, T4, definitive carbon ion RT 2016

Heidelberg University Hospital Department Radiation Oncology



GSI    experience (1997 – 2009)

before RT 6 weeks after RT

- skull base chondrosarcoma -

RT
@2years

@ 6 years
@ 10 years



GSI    experience (1997 – 2009)
- skull base & sacral chordoma -

before RT 8 months after RT

before RT
@3months

@9months



HIT: Heidelberg Ion Beam Therapy Center
• HIT is Europe’s first combined treatment

facility using protons and heavy ions for
radiation therapy.

Treatment place Gantry:
Optimal irradiation angle

• HIT is the world’s first heavy ion treatment
facility with a 360° rotating beam
delivery system (gantry).



Trial name Entity treated/investigated Phase Ion Status

ACCEPT ACC II C12 Boost published

COSMIC ACC II C12 Boost published

IPI Prostate II (random.) H1 vs. C12 published

OSCAR Osteosarcoma II H1 & C12 published

TPF-C_HIT Head&Neck II C12 Boost published

MARCIE atyp. Meningeoma II C12 Boost submitted

CLEOPATRA Glioblastoma II C12 Boost vs. H1 Boost analysis

CINDERELLA Glioblastoma (recurrence) II C12 analysis

KOLOG Prostate (recurrence) II C12 analysis

PROLOG Prostate (recurrence) II H1 analysis

IMRT HIT-SNT Paranasal sinus II C12 Boost analysis

PROMETHEUS HCC II C12 analysis

INKA Pancoasttumor II C12 analysis

PANDORA Rectal cancer (recurrence) II C12 analysis

APPROVE Cervicall Cancer II H1 analysis

ISAC Sacral Chordoma II (random.) H1 vs. C12 recruiting

HIT Chordom Skull Base Chordoma III C12 vs. H1 recruiting

HIT Chondrosarkom Skull Base Chondrosarcoma III C12 vs. H1 recruiting

PAROS Prostate (recurrence) III IMRT vs. H1 recruiting

ACCO ACC II (random.) C12 vs. C12 Boost recruiting

RETRO-ION Retroperitoneal Sarkoma II C12 recruiting

PACK Pankreatic Cancer II C12 recruiting

CARE Head&Neck (recurrence) II (random.) C12 vs. IMRT recruiting

EXTREM ION Extremity Sarcoma II C12 recruiting

GRIPS Glioblastoma III Protonen vs. IMRT recruiting



summary I

Different physical properties:

• Steep dose gradient
• Less entry dose
• No or less exit dose

Different biological properties:

• Higher biological effectiveness
• More efficient in killing 

hypoxic tumor cells
• Independent of cell cycle

Sparing of normal tissue -> less toxicity

dose escalation possible -> improved local control and survival

Treatment of otherwise untreatable tumors



summary II

Ion Beam Therapy is suitable for tumors with

• low α / β ratio (less sublethal damage, decreasing the β-
component

• low proliferation (independence of cell cycle)
• hypoxic tumors (independence on microenvironment)
• relative radioresistance (dose escalation)
• adjacent critical OARs (steep dose fall off) 



DANKE

Questions ?


