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1980-1997 biolog. treatment planning

1993: first prototype of rasterscanner

1994: medical treatment room

1997: First patient treated with C-12 at GSI

Chordoma

Chondrosarcoma

Adenoidcystic Ca.

Others, incl. Prostate

Re-irradiation

440 Patients, 1998-2008
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Daily IGRT

Stereotactic Setup

Online in-beam PET

Patient Positioning In The Early Clinical Studies (1997-2008)
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Early Clinical Response:

Adenoidzystic Carcinoma:

Before RT 6 Weeks after RT
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Acceptable Skin Reaktion

Biol.Wikungung: 

Local Effect

Model :LEM
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D. Schulz-Ertner, IJROBP 2007

Radiotherapy of Skull Base Chordomas

Motivation: Dose Response Relationship

FSRT

Protons

C-Ions

conventional RT

Carbon ions
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1998: Project proposal for „HIT“

2000: Feasibilty study: HIT is feasible

2001: Scientiffic board agrees, planning started

2004: Foundation stone ceremony

2009: first patient at HIT
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Heidelberg Ion 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).
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Indications

Tumors in 

children and

young adults

Ependymoma

Retinoblastoma,

Medulloblastoma,

Glioma,

Lymphoma,

Sarcoma,

Neuroblastoma,

Teratoma

Craniopharyngeoma

Chordoma and Chondrosarkoma

of the skull base

Cerebral Arterioveneuos Malformations

(AVM)

Mediastinal Lymphoma (protons)

Within phase II clinical trials
Adenoid cystic carzcnoma (ACC)

Glioma Grad II/III in adults, glioblastoma

Paraspinal sarcoma and carcinoma, non-operable osteo- and

chondrosarcoma of axis skeleton

Meningeoma of skull base – (> 15 ccm) and atypical forms, incompletely

resected or sinus cavernosus involvement

Advanced head and neck tumors without distant metaastases

Hepatocellular carcinoma

Thoracic tumors:

Lung carcinoma (NSCLC, inoperabel stage I-III), and pleural mesothelioma

stage I-III, if pleuropneumonectomy is not possible

Locally advanced gynecological malignoma, previously treated with RT or

not suitabefr brachytherapie.

Esophageal carcinoma not resectable

Soft tissue sarcoma/chordoma am Körperstamm (neo)-adjuvant and

primary if inoperable and extremities after extremity conserving surgery

Locally advanced pancreatic carcinoma TxNxM0 with (neo-)adjuvant

particle therapy or inoperability

Pituitary gland adenoma (inoperabel, not suitable for radiosurgery /SRS

Craniopharyngeoma

Akusticus neurinoma (inoperabel, not suitable for radiosurgery /SRS

Indications currently treated at HIT and MIT
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Evaluation Of Plan Robustness In Particle RT:
Quantitate Dose Uncertainty Incl. RBE
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In Room Imaging 
For Particle RT

Carbon Ion Nozzle with Airo -CT

week 1

week 2
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Dose Tracking In Prostate Cancer
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Clinical trials
Chordoma
&
Sarkoma

Head
&
Neck

Brain

Prostate

GI

Chordoma of the scull base: H1 vs. C12 recruiting
ISAC (C12/H1 for sacral chordoma) recruiting
SB chondrosarcomas: H1 vs. C12 recruiting
OSCAR (H1 + C12 boost; inoperable osteosarkoma) recruiting

COSMIC (C12 boost RT; salivary glands ACC) published
ACCO (C12 only; salivary glands ACC) approved
ACCEPT (C12 boost RT + Erbitux for ACC) recruiting
TPF-C HIT (C12 boost RT; head&neck) closed
IMRT HIT-SNT (C12 boost RT; sinu-nasal cancer) recruiting

CLEOPATRA (H1 vs. C12 boost RT; prim. glioblastoma) f/u phase
CINDERELLA (C12 recurrent gliobastoma) f/u phase
MARCIE (C12 boost RT, meningeomas grade 2) recruiting

IPI (C12/H1 for prostate cancer) f/u phase
PROLOG (hypofract. H1 for prostate cancer recurrence) f/u phase
PAROS (hypofract H1 vs IMRT prostate-CA adjuvant/salvage
KOLOG (hypofract. C12 for Prostate cancer recurrence) f/u phase

PROMETHEUS (C12 for HCC) recruiting
PANDORA (C12 for recurrent rectal carcinoma) recruiting

INKA (neoadj. C12 for inop. sulcus superior tumors NSCLC) recruitingLung
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• C-12 treatment 1997-2007 (GSI)

• act. 10 yrs LC 88 %

• act. 10 yrs LC (< 45 J): 98%

Uhl et al. Cancer, 2014

Skull Base Chondrosarcoma
Carbon ions

local control

all patients patients > 45 y

patients < 45 y
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2007 2011

Symptoms at Diagnosis: Double vision

20152005

Chondrosarcoma
Carbon ions

Follow-upBefore C-12 RT
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before RT 6 weeks after RT

Reduction of neurological symptoms
18 year old patient

12 / 27 patients show reduced symptoms

Petroclival Chondrosarcoma
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Uhl M et al., Cancer 2014; 120(10): 1579–1585.

3-, 5-, 10 -year:

82%, 72%, 54%

3-, 5-, 10- year:

95%, 85%, 75%

Skull Base Chordomas treated at GSI
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SB Chondrosarcoma
n = 154

63 Gy(RBE) C12 (21 Fx)

70 Gy(RBE) Protons (35 Fx)

Start: 2010
Recruitment 6/18: 77

HIT Trial for Skull Base
Chondrosarcomas

Carbon ions
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Mattke et al., Cancer 2018

An age < 46 years was 
associated with a trend for a 
better outcome

Carbon ion group:
Sub group analysis of age 

Carbon ion group:
Sub group analysis of CTV

>> Carbon ion and protons were equally effective ( LC and OS)
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p=0.009p=0.033

age

<> 30 y<> 48 y

Prognostic factors

p=0.002

Boost Volume

<> 75 ml

Uhl M et al., Cancer 2014; 120(10): 1579–1585.

Skull Base Chordomas treated at GSI
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SB Chordoma
60-66 GyE C12 (20-22 Fx)

72-76 GyE Protons (36-38 Fx)

n = 344

Nikoghosyan et al. BMC Cancer 2010. 10, 607

Hypothesis: 10% increase in LPFS by using carbon ions

Start: 2010
Recruitment 6/18: 105

HIT Trial for Skull Base Chordomas
prospective, randomized phase III trial

Carbon ions
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ISAC- Trial
Ion irradiation of SAcrococygeal Chordoma

Pilot trial
Prospective randomized phase II trial
2-armed
100 Patients (50 per Arm)
Stratification CTV <1000ml>
Primary endpoint: Feasibillity/Toxicity (Incidence >=Grad 3-5)
secondary endpoint : OS, LPFS, QoL

Hypofractionated Protons- vs. C-12-RT

Arm A (proton therapy):

• Total dose to the PTV : 

64 GyE a 4 GyE SD.

• BED: 96Gy

Arm B (carbon ion therapy):

• Total dose to the PTV : 

64 GyE a 4 GyE SD.

BED: 96Gy

randomization

16 x 4 GyE=
64 GyE C12
≈96GyE (BED)
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COSMIC Trial

• Phase II feasibility study
• 53 Patients
• median follow-up 42 months; 

patient characteristics
• microscopically incomplete resections  (R1, n = 20), 
• gross residual disease (R2, n=17), 
• inoperable disease (n=16)  
• 89 % ACC,
• 57% had T4 tumors. 

Combined therapy of malignant salivary gland tumors with IMRT and 
carbon ions

most common primary sites 
paranasal sinus (34%),
submandibular gland, palate

IMRT 
(Photons)

alone

IMRT 
(Photons)

+ Carbon ion
boost

vs
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Pre-treatment situation Treatment planning

C-12  boost

6 weeks post RT

Carbon ion (C-12) Boost and IMRT is
highly effective in Salivary gland tumors

 No dose limitting acute toxicity

 Late Toxiciy > CTC grade 2 : <  5%
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initial

25 x 2 Gy IMRT + 8x 3 GyE C-12

+ 

Jensen et al.  Radiat Oncol, 2011

Complete remission after 6 Months

Acute toxicity remains low( < grade 4) 
in IMRT with carbon ion boost; 
also in R1-resected patients and 
patients undergoing re-irradiation. 
R2-resected patients showed high 
rates of treatment response

ACC Initial treatment response and acute toxicity
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(p=0.033)

Locoregional control

Jensen et al. 2015, Cancer

Better local tumor control by C-12 irradiation leads to better 

long-term survival

of locally advanced adenoid cystic carcinoma

COSMIC- trial : long term results
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(p=0.015)

Jensen et al. 2015, Cancer

Better local tumor control by C-12 irradiation leads to better 

long-term survival

of locally advanced adenoid cystic carcinoma

COSMIC- trial : long term results
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Late toxicity after carbon ion RT:
dose response for contrast enhancement in the temporal lobes

Schlampp et al., Int J Radiat Oncol Biol Phys, (2011) 80: 815ff

TD5 (Dmax,V-1cm3)  68.8 ± 3.3 GyE

2/59 clinical symptoms

n= 59, 2002-2003, Folow-up 2,5 years
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3 yrs 4 yrs 5 yrs

IMRT Jensen, 2015 56 % 43 % 40 %

IMRT + C12 Jensen, 2015 84 % 70 % 60 %

C12 Ikawa, 2017 89 % 82 % 69 %

C12 Mizoe, 2004 75 % 65 % 60 %

Locoregional Control

ACC Study Comparison
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• Prospektive, randomized two armed Phase II trial

• 175 patients in 4 years

• ACC inoperabel and/or R1/R2 resected and/or (Pn+) and/or

pT3/pT4

• Primäry endpoint: loco-regional control (5 years)

ACCO trial
Adenoid Cystic carcinoma Carbon Only

carbon ion definitive

 Experimenteller Arm 

Alleinige C12-Bestrahlung 

Kontrollarm 

Bimodale RT (Photonen&C12) 

 CTV_GP CTV_BP CTV_GP CTV_BP 

Einzeldosis 3 Gy(RBE) 3 Gy(RBE) 2 Gy 3 Gy(RBE) 

Gesamtdosis 51 Gy(RBE) 15 Gy(RBE) 50 Gy 24 Gy (RBE) 

BED2Gy* 61 Gy 18 Gy 50 Gy 29 Gy 

 22 FX in 4 weeks
5-6 FX per week

33 FX  in ca. 6 weeks

Experimental arm: 
Carbon only

Control arm:

bimodal RT ( IMRT + Carbon)



Universitätsklinikum Heidelberg | Heidelberger Ionenstrahl Therapiezentrum 

• Prospective, randomised phase II trial

• 175 Patienten in 4 years

• ACC inoperabel and/or •R1/R2 resected and/or •  (Pn+) and/or

• pT3/pT4

• Primary endpoint: loco-regional control (5 years)

ACCO trial
Adenoid Cystic carcinoma Carbon Only

(approved)  

 Experimenteller Arm 

Alleinige C12-Bestrahlung 

Kontrollarm 

Bimodale RT (Photonen&C12) 

 CTV_GP CTV_BP CTV_GP CTV_BP 

Einzeldosis 3 Gy(RBE) 3 Gy(RBE) 2 Gy 3 Gy(RBE) 

Gesamtdosis 51 Gy(RBE) 15 Gy(RBE) 50 Gy 24 Gy (RBE) 

BED2Gy* 61 Gy 18 Gy 50 Gy 29 Gy 

 

single dose

33 FX  in ~ 6 weeks

carbon ions only photons + carbon ions

22 FX in 4 weeks
5-6 FX per week

total dose
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Akbaba et al., Cancer 2018



Universitätsklinikum Heidelberg | Heidelberger Ionenstrahl Therapiezentrum 

ACC, T4, definitive carbon ion RT 2016
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ACC, T4, definitive carbon ion RT 2016
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Chondrosarcoma (G1) of the larynx: 
organ preserving radiotherapy with 60 GyE C-12
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Individualized radiation dose prescription in 
HNSCC based on F-MISO-PET Hypoxia-Imaging

INDIRA-MISO Trial

Secondary Aims of the Trial:
• LC , OS and tox of dose-escalation 

compared to standard therapy
• QoL during and after treatment
• evaluate FMISO uptake kinetics before 

treatment and after ten fractions of 
treatment in comparison to outcome

• investigate the association of pre-
therapeutic FMISO-uptake and FMISO-
uptake during radiochemotherapy to 
site of subsequent failure

• compare the uptake characteristics of 
primary tumors and recurrent tumors.

• assess of different radiation qualities
(photons, protons, carbon) in the 
treatment of hypoxic tumors.



Universitätsklinikum Heidelberg | Heidelberger Ionenstrahl Therapiezentrum 

PROMETHEUS Trial

Inoperable Liver Cancer

• Monocentric

• Dose escalation trial

• 4 x 10-14 Gy(RBE(NIRS)) C12

• 4 x 7.1 -10.5 Gy (RBI(GSI)) C12

• Safety & Response

• Start 5/11

Combs et al., BMC Cancer 2011

Neo-Adiuvant Trials
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21 Patients

Recurrences
- 1/3 liver progression
- 2 patients with distant 
metastases

Toxicity
- few low grade toxicity
NW (fatigue, diarrhea)

median f/u = 16 
months

after 44 monthsPROMETHEUS Trial
Preliminary Results

Neo-Adiuvant Trials



INKA trial

• Sulcus superior tumor

• trimodal treatment

• RT: 13 x 3 GyE C12

• Biolog. dose using GTV α/β=10Gy

forward calculation all GTV α/β=2Gy

Neo-Adiuvant Trials:
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• Sulcus superior tumor
• trimodal treatment
• RT: 13 x 3 GyE C12
• Biolog. dose using GTV α/β=10Gy forward calculation all GTV α/β=2Gy

INKA trialNeo-Adiuvant Trials



Clinical trial: OSCAR

OSteosarcoma – CArbon Ion Radiotherapy: Phase I/II  therapy trial 

Safety and efficacy of heavy ion radiotherapy in patients with inoperable osteosarcoma

Endpoints: LC, DFS, PFS, OS and the role of FDG-PET in response monitoring



Clinical trial: OSCAR

OSteosarcoma – CArbon Ion Radiotherapy: Phase I/II  therapy trial 

Safety and efficacy of heavy ion radiotherapy in patients with inoperable osteosarcoma

Endpoints: LC, DFS, PFS, OS and the role of FDG-PET in response monitoring

FDG PET, 

8 months after radiotherapy

Male patient, 28 years

Basic 

proton

plan

carbon ion

boost plan

FDG PET 

prior to RT

MRI 7 years

after 

radiotherapy

(2019)

Follow up

complete remission

MRI 

prior to RT



HIT 

operates 24/7

Staff
A team of more than 70 

experts comprising:

• Medical doctors

• Nurses,

• Medical radiology

assistants

• Physicists

• Engineers 

• Technicians

 Research platform

08:00 - 22:00 h Patient treatment

22:00 – 08:00 h Research and QA

Exerimental beamline

Animal facility and labs



• High tumor dose, normal tissue 
sparing

• Effective for radio-resistant 
tumors

• Effective against hypoxic tumor 
cells 

• Increased lethality in the target 
because cells in radio-resistant (S) 
phase are sensitized

• Fractionation spares normal 
tissue more than tumor

• Reduced angiogenesis and 
metastasis

Potential advantages

Energy

LET

Dose

RBE

OER

Cell-cycle
dependence

Fractionation
dependence

Angiogenesis

Cell migration
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Nature Rev Clin Oncol 2010



Carbon irradiation overcomes glioma radioresistance
by eradicating stem cells and forming an antiangiogenic and

immunopermissive niche
NCT Biological Dose Prescription (BioDose) P Chiblak et al. JCI Insight. 2019

Beneficial effect of CIR in syngeneic, orthotopic murine GL261 glioma modelPDX GliomaStemCell model NCH644



Highlight project: Carbon irradiation overcomes glioma

radioresistance by eradicating stem cells and forming an 

antiangiogenic and immunopermissive niche
NCT Biological Dose Prescription (BioDose) S. Chiblak et al. JCI Insight. 2019



Dashed line: loglogistic parame-tric survival regression fit.
Solid lines: Kaplan-Meier curves .

Carbon irradiation (CIR) is superior to photon irradiation

(PIR) in patients with recurrent high-grade glioma 

NCT Biological Dose Prescription (BioDose)

Overall survival Overall survival 

Complete cohorts re-irradiation risk score (RRRS) matched cohorts

197 patients with rHGG (grade III: 71, IV: 126) 

received RiCi between Nov 2009 and Feb 2018 

at HIT with a median dose of 42GyRBE in 14 

fractions

In DKTK-ROG multicenter cohort n:565 rHGG

patients (grade III: 63, IV: 479) underwent RiP between 

1997-2016 with a median dose of 36 Gy in 14 fractions

Median follow up: 34.2 months for RiCi

7.1 months for RiP (DKTK) 

Knoll, M. et al. 2019, J Clin Oncol suppl



 Integrating Physical Dose and RBE -

Uncertainity by Modelling Spatial- and

Time-Resolved Quantitative Imaging Data

NCT Biological Dose Prescription (BioDose)

Mein et al. Sci Rep. 2018, 

 enables comparative analysis of different 

models for estimation of physical and 

biological effective dose in 3D within minutes

and in excellent agreement with Monte Carlo 

simulation.

Development of FRoG Fast Recalculation on GPU
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T. Haberer, A. Mairani, J. Debus,  PTCOG 57, Cincinnati, 25/05/2018

3rd Ion source was  
optimized for
4Helium  

Next step:
clinical helium-beams at HIT



Heidelberg University Hospital | Heidelberg Ion beam Therapy Center | Prof. Dr. Dr. Jürgen Debus

Rationale for 4He-beam therapy: scattering 

T. Tessonnier , A. Mairani, et al. Physics in Medicine Biology, 2016, 62(10):3958-3982

solid  
double 
Gaussian (DG) 
fits

- - - -dashed
simple 
Gaussian (SG) 
fits. 

P
He
C
O
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Protons
175 MeV

water
20 cm0 cm

Helium ions
175 MeV/u 

Carbon ions
330 MeV/u 

Precision and penetration depth

Beam



Pregant patient at HIT: Proton RT
scanning beam



Measured doses (belly)

• Patient was irradiated
from 4 directions

• Doses accumulated to
total dose show
significant differences

• dose optimization can
only be don on a highly
individual basis
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Mohamed et al. Lancet Oncol. 2019 



Conclusion

• Phase II data with C-12 warrant further investigations
• Since 2009 over 18 clinical studies on ion therapy started
• Challenge: state of the art IGRT and ART compared to photons
• Clinical application of He ions in the near future
• Research platforms are now available , providing p, He, C, and

O ions in experimental beam lines
• The mechanism of high LET is beyond cell kill the modulation

of the microenvironment
• Various research projects ranging from physics to biology:

open to researchers from different fields
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