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Sparing of healthy tissue by
- reducing doses (due to steep dose gradient →lower NTCP)
- reducing iradiated volume → lower risc of secondary cancer
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scanning of

focussed

ion beams

in fast

dipole magnets

active variation

of the energy,

focus and

intensity in the

accelerator and

beam lines

Haberer et al., NIM A , 1993

Rasterscanning Dose Delivery
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Dose Conformation via Rasterscanning
e.g. Skull Base Chordomas

Oliver Jäkel, HIT, Medical Physics 

Excellent sparing of normal tissue and organs at risk



GSI, 1997 – 2008, 440 Patienten, C12

1stRx@GSI: 13.December 1997



Design Phase
Th. Haberer

Proposal 1998

Technical Design 2000
Feasibility Study 2000



Heidelberg - Campus Neuenheimer Feld

Surgery

Gynecology

Children‘s Hospital

Kopfklinik:
Radiation 
oncology

Sciences: Biology, Chemistry, Physics
Internal Medicine

✓ Radiation-Oncology and HIT is integrated in the clinic ring

✓ Translational and academic research are in close neighbourhood



Department Radiation Oncology

Radiotherapy Equipment
• 5 Linear accelerators (Elekta) at Kopfklinik
• 1 TomoTherapy
• 1 Ethos (Varian) at DKFZ
• 1 MR-Linac (MRIDian)
• 1 CyberKnife
• 1 Brachytherapy unit
• 1 Intraoperative radiotherapy (IOERT) unit
• Ion beam therapy at HIT with 3 treatment places

Diagnostic Equipment:
• 2 CT
• 2 MRI 
• 1 PET /CT
• Sonography

Coverage of the complete spectrum of radiation therapy treatments
Expansion of therapy options through participation in clinical studies

Structure of the Clinic
• ~4500 patients per year
• Ward with 62 beds for in-patients
• Out-patients at NCT
• 27 Tumor conferences
• 14 Specialized consultations



Ion sources clinical:
• Proton
• Carbon
• Helium
Experimental-only:
• Oxygen

Treatment room
with ion-gantry:

• 360° rotatable
• 670 t weight

Synchrotron

© Heidelberg University Hospital

In room CT 1

MR (shuttle)2

online MRT

3
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HIT-Accelerator, 
Beam Delivery and Gantry

28/06/202311

Scanning ion gantry:
• isocentric barrel-type
• world-wide first ion gantry
• 2D beam scanning upstream to final

bending, minimum divergence due to
edge focussing

• ± 180o rotation, 3o / second
• 13m diameter

25m length
600 to rotating
(145 to magnets)
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HIT is the world’s first heavy ion treatment facility
with a 360° rotating beam delivery system (gantry)

1st Rx: Oct 19th, 2012, oligo-astrocytoma

Rasterscan / Carbon / Gantry

Photons / Tomotherapy

Scanning Ion Gantry @ HIT 
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Operation days

Treatment days

Patients treated

Experimental shifts

8000+ patients treated 50 – 70 daily proton / carbon =  1 /1          ~45% @ gantry
28.6 million synchrotron cycles 370.000 gantry rotations availability > 97%

39.000 hrs patient treatment 19.000 hrs research and development only 8 days lost since 2009
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Area Name Entity Phase Beam modality Status

Sarkoma OSCAR Osteosarkoma II Protons and C12 submitted

CNS CINDERELLA Glioblastoma (recurrent) II C12 analysis

CLEOPATRA Glioblastoma II Boost: Protons vs. 
C12

analysis

Head & Neck TPF-C_HIT HNSCC of Larynx II C12 Boost analysis

COSMIC Adenoid cystisc carcinoma II C12 Boost published

ACCEPT Adenoid cystisc carcinoma II C12 Boost published

Prostate KOLOG Prostate carcinoma
(recurrent)

II C12 analysis

PROLOG Prostate carcinoma
(recurrent)

II Protons analysis

IPI Prostate carcinoma II Protons vs. C12 published

GI PANDORA rectal carcinoma (recurrent) II C12 closed

Over 7000 patients were treated with protons or carbon ions since 2009

Clinical trials at HIT, recently finished
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Area Name Entity Phase Beam modality Status

Chordoma
& Chondro-

sarcoma

ISAC sacral chordoma II Protons vs. C12 recruiting

HIT Chordom skull base chordoma III Protons vs. C12 recruiting

HIT Chrondrosarkom skull base chondrosarcoma III Protons vs. C12 recruiting

RETRO-ION Sarcom of posterior abdominal wall II C12 recruiting

CNS MARCIE Atypical meningeoma II C12 Boost recruiting

GRIPS Glioma (high-grade) III Protons vs. IMRT recruiting

H&N ACCO Adenoid cystisc carcinoma (H&N) II C12 vs. IMRT+C12 
Boost

recruiting

IMRT HIT-SNT HNSCC of sinus II C12 Boost recruiting

CARE Re-irradiation for recurrent or progressive locally 
advanced head and neck tumors

II C12 recruiting

Lung INKA Pancoast tumor of the lung II C12 recruiting

GI PROMETHEUS Hepatocellular carcinoma II C12 recruiting

PACK pankreas carcinoma II C12 recruiting

Prostate PAROS Prostate carcinoma (recurrent) III IMRT vs. Protons recruiting

Clinical trials at HIT 
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Salivary gland tumours / Adenoid cystic carcinoma
C12 pilot project, patients treated before 2009, mainly T4 (R1/2 or inoperable)
• 58 patients treated with C12 at the GSI (18 GyE C12 + 54 Gy Photons)
• 37 patients treated with photons (66 Gy)

➢ Significantly higher LC in the C12 group 3y-LC: 
C12: 84 %
Photon IMRT: 56 %

LCOAS
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COSMIC-Trial
COmbined therapy of malignant Salivary gland tuMors with IMRT and Carbon ions
• Phase II feasibility study, dose escalation (18GyE to 24 GyE C12 boost)

➢ 54 patients treated at HIT from 2010 to 2011, 89% ACC
➢ No dose limiting acute toxicity
➢ Late Toxicity > CTC°2 :  <  5%

Pre-treatment situation Treatment planning
C-12  boost

6 weeks post RT

LC after 3 years: 82 %
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2007 2011 20152005

Skull Base Chondrosarcoma
Long-term Follow-up
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Skull Base Chondrosarcoma
• Rare bone tumors, 5-12 % are localized at the skull base
• Resection is often incomplete due to localisation
• G1-G2 tumors are relatively radioresistent, rarely metastatic disease
• Symptoms: cranial nerve deficits (most commonly double vision)

➢ 79 pat. after biopsy/ incomplete resection (R2)
➢ Median follow-up 91 months
➢ C12 treatment @ GSI 60 GyE in 3 GyE/fx
➢ 10 yrs LC: 88 %
➢ 10 yrs LC (<45 J): 98%
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HIT‘s Weekly Schedule
Patient TreatmentExperiments QA QA
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Carbon ions and Protons: Age distribution
Children > Protonen
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➢ Reduced integral dose to non target regions

➢ Dose escalation at the target volume

➢ Reduced risk of secondary malignancies / late side effects

Pediatric and Young Patients
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◆ additional relative risk for CHD: 7,4% / 1 Gy MHD

◆ younger patients face higher risks

Deterministic Late Effects

http://jco.ascopubs.org/content/34/3/235/F1.large.jpg
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Helium-Ionsource Integration

Helium

Ionsource
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Accelerator- and Beamline-Tuning

4 isocenters 255 energies each,
4 spot sizes, 10 intensities
and 18 gantry angles:

367.200 combinations

early extraction of
Helium into a 
horizontal treatment
room

Helium beam spots at 
gantry, all angles
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- Overall good agreement between simulations and measurements

- Range differences < 0.10 mm

- Dose differences from 0.5 to 6% in the high dose region

- Average dose-weighted dose-difference from 0.4 to 2.5% 

→ Good results of the FLUKA models 

→ Room for improvements,  reaction cross section measurements 

see next slide

Helium Depth-dose distributions: data vs MC

T Tessonnier , A. Mairani, et al Physics in Medicine Biology, 2017, 62(16): 6784
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Helium Fragmentation in Water Measurements@HIT

Th. Tessonier, PhD@HIT

Horst et al., PhysRevC99
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Radiobiological Studies / in-vitro Validation of
Treatment Planning Outcome for 3 Models

Dose (0,5 bis 6,0 Gy) 

C
el
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iv

a
l

cultivated
cells

Irradiation
He-Ions

Depth in water (p1-p4) 



FRoG Graphical User Interface

• QA routines 
• Plan robustness analysis
• Automatic cohort analysis
• Dose* Volume Histogram (DVH) 

analysis
• Multi-tissue radio-sensitivity (α/β) 

assignment
• Gamma analysis
• Multi biological models
• Scoring: LETd, DRBE, RBE…

Experiments 

GPU-based Modelling 

Andrea Mairani et al., HIT
S. Mein et al. 2018 Sci Rep.; 
K. Choi et al. 2018 Cancers 10, 395; 
S. Mein 2019 Phys. Med. 64, 123.

PaRticle thErapy using 
single and Combined Ion 
optimization StratEgies



Recent Literature (BioPT): 4He RBE modeling
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In-silico Studies - RayStation - Helium-Module

Normal tissue complication 
probability (NTCP)

Superior sparing of brainstem and 
Cochlea

Coverage of clinical target volume 
(CTV) best for Helium

Analysed entities so far:
• Meningioma
• Low-grade Glioma
• Ependymoma
• Head-and-neck
• Prostate

Photons Protons Helium

He
P
Phot.

HeHe
He
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Clinical Rationale Helium

• Low-grade glioma: 

dosereduction up to 5 Gy(RBE)

• Superior organ-at-risk sparing:

f.e. pituitray gland and inner ear

Wickert et al. submitted
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female patient 30 yrs
recurrent anaplastic 

soft-tissue sarcoma, 2021

pretreated in 2015
60 Gy(RBE) Carbon

First Rx using Rasterscanned He-Ions
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Hirnstamm

CTV

Cochlea
Helium

Protons

Carbon

Helium (mMKM)                                       Protons (RBE =1,1)                                      Carbon (LEM I)

First Rx using Rasterscanned He-Ions

HIT, July 20th, 2021:

First patient treatment

with rasterscanned

Helium beams

Full remission after 1yr
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Böhlen,…,Mairani PMB 57 2012
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Different irradiation modalities at HIT (1H, 4He, 12C, 16O) 

Dokic et al. 2021

SF30 RBEs:
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Mein et al.; AdvRadOnc 2021 (6)

Spot-scanning Hadron Arc (SHArc) Therapy Study

angular fluence maps

Depth-dose, D_VH, LET_VH
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VMAT [6MV] vs. SHArc [12C]

Mein et al. IJROBP (under review)

Spot-scanning Hadron Arc (SHArc) Therapy Study

SHArc

• Outperformes VMAT
• Robust plans
• Normal tissue and organs

at risk sparing
• LET-VH can be tailored to

the oxygenation status of
the target

• Longer irradiation times
• Technical challenges

ahead
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New Modalities

Single-room Proton system

HIT@INF450 RadOnc@INF400

Chair with CT 

Upcoming extension
of building INF400 
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Synchrotron Slow Extraction Optimization

HIT 2012

HIT 2022

HIT 2009

GSI 2000

Ph.D. 
Christian Schömers

Master-Thesis 
Christopher Cortéz

Smoothest

extraction

ever!
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Ongoing Upgrades

one extraction per synchrotron-cycle

Beam
Usage
@70 pat/d

H1
H2
Gantry

Enable multi-energy extraction:
New Accelerator Control 
System
Irradiation time reduction ~ 
40%
Energy saving ~ 15%

Intensity upgrade:
New RFQ design
Transmission > 90%

multiple extractions per synchrotron-cycle

C. Schoemers et al. 
"Reacceleration of ion beams 
for particle therapy." 
Proc. of IPAC2014, Dresden.
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In-room Imaging / See what you treat!

45

6.5 mm  margin (peel) represents a volume 
comparable with the target! 

Volumetric information defines patient set-up
Reduction of margins
Plan of the day
Fast replanning

HIT – H1 sliding CT
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Combining proton/ion beams with MRI

46

Motivation :

• “Seeing what you treat” → Online diagnostics would be 

favorable

• CT is almost standard today, but MRI causes no further 

radiation dose (especially important in pediatric treatments!)

• Tumor shrinkage during therapy – avoidance of  errors in 

adapted dose 

allocation

• MR-Linac Systems

(photons) are

currently

being introduced

in radiotherapy
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MR guided Ion beam Therapy: ARTEMIS Project

ARTEMIS Vision:
• Turn the patient, not the beam
• Plan & adapt based on MRI

Adaptive RadioThErapie mit MR gesteuerten IonenStrahlen

Aims

• Capture anatomical changes 
& changes in the tumor 

to allow for 
• offline, online or weekly 

customization, 
>> providing optimal protection 
of the OAR 

Within  ARTEMIS  
a demonstrator system consisting 
of several components will be 
developed , which enables MR-
guided irradiation with ions and 
protons.  

associated partner:

funded by:
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The „on-line“ MRT at HIT

ESAOTE
S-Scan 0.25 T

Sequence: 3D GRE (0.4 x 0.4 x 2.5)mm3

Irradiation:  10 x 10 cm raster grid , 
1 cm distances



Haberer,  HIT: Multi-Ion Treatment and Research Options, HIT Seminar,

Increasing Demand For Radiotherapy In Europe / Germany
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Progress
Photons 1980 Particles 2020

• Ion beam therapy is extremely precise
• Challenged by costs
• Image guidance and motion mitigation need to be improved
• Huge potential is evident

Image: courtesy N. Mendenhall, D. Louis, D Yeung, Z. Li, C. Li; Jacksonville 
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Thank You!


