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Cancer

• > 2m new cases/a in Europe

(w/o small skin cancers)

• Incidence: 1 / 2-3 citizens 

• Death: 1 / 4-5 citizens

(2nd most frequent cause of death)

• Steeply increasing in low income countries 

• Surgery, radiotherapy, systemic therapies

(increasingly combinations, cancer centers)

• Cure rates approximately 50%
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• 50% of all cancer patients

• Highly individualized treatment

• 50% of cures – radiotherapy sole 

treatment or major component

• Organ- and function sparing, 

well tolerable

• More than 4m long term survivors

in Europe

• Favorable cost/benefit

Radiation Oncology
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State of the art
Image guided, conformal (IMRT), photon therapy (Linacs)

• 35% local recurrence

• Preventable distant metastases

• Large volumes irradiated

• Early, late and very late

normal tissue damage

• Potential of particle therapy

• Real time adaptation (motion, changes)

• (Biological individualization)Con
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Particle therapy

50 units worldwide

P, C

>110.000 pts treated

soon >15.000 pts/a Europe 
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Physical basis
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Potential of particle therapy
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Potential of particle therapy

Universitätsklinikum Dresden HIT, Heidelberg

Photon-IMRT Protons
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Potential of proton therapy

3D-PRT IMPT IMRT

Boehling et al., IJROBP 82, 643-52, 2012Con
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Potential of particle therapy

Chang et al., Semin Radiat Oncol 20(3): 171-177, 2010Con
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Potential of particle therapy

Protonen3D - Photonen IMRT - Photonen
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Jakobi et al., IJROBP 2015

Potential of particle therapy
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Volume and NTCP
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Potential of particle therapy to explore

• Little difference in CTV conformality

(notable exceptions!) 

• In some cases critical normal tissues 

close to CTV can be completely spared

• Less normal tissue treated to low and 

intermediate doses

We do not know much about the impact

of low and intermediate doses and

dose volume relationship on normal

tissue reactions

...nor on the interactions of low and

high doses
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Data needed

• Patient cohorts

• Clinical parameters

• Imaging

• Radiation treatment plans

• Treatment monitoring data

• (Space resoluted) outcome data

• Biological data/ materials

• Economic data 

Dose Plan Data Banks

(with network compatibilty)
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Modell-based approach

Con
tac

t a
uth

or 
to 

us
e s

lid
es



Modell-based approach: 

individual allocation

• R

Danish and Dutch groups
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Stratification

Zips et al

[18F]Misnidazole

0 Gy 10 Gy 20 Gy 40 Gy

[18F]Misonidazol

[18F]FDG

Zips , Kotzerke, Baummann et al.Con
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Stratification
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German Cancer Consortium (DKTK)

post-op RCT

MOLECULAR STRATIFICATION BY HPV

(RCT, POSTOP)
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German Cancer Consortium (DKTK)

Nanostring Technology

MOLECULAR STRATIFICATION OF HPV NEGATIVE HNSCC

(RCT, POSTOP)
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German Cancer Consortium (DKTK)

INTERVENTIONAL TRIAL:

DOSE DE-ESCALATION POST-OP HNSCC

Dose
level

Number of
patients

RT-Dose (Gy) Chemotherapy

CTV
A

CTV
B

Ʃ

1 30 44 16 60 Cisplatin 40mg BSA weekly i.v.

2* 30 40 12 52 Cisplatin 40mg BSA weekly i.v.

*potentially additional biomarkers, dependent on validation cohort and modeling
inverse Pocock design (n=3)
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Personalized precision oncology
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Personalized precision oncology

• Small numbers per center

• Particle trials more affected than

photon trials:

- less centers

- less patients, 

- additional stratification factors

which are less relevant for X-rays
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German Cancer Consortium (DKTK)

DOSE PLAN DATA BANKS

RADPLANBIO (DKTK ROG) 

1. Clinical data
eCRF

DICOM Data

- Advanced (Re) TPS
- Spatially resoluted – dose corrected outcome
- Radiomics
- TCP/NTCP
- Complex models
- trial hypotheses
- secondary analysis
- machine learning
- ...

- Data sets
- Statistics
-DICOM data port (offline)
-DICOM data port (online = WADO)
- ….

2. Dataexport 3. Data analysis

Bio-Data
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But this is not all…

Motion, anatomic changes during treatment,

biological changes during treatment

Taking full advantage of particle therapy in terms of physics 

requires:

• Full image guidance (real time)

• Reduced range uncertainties (real time beam imaging)

• In vivo dosimetry

• Highest level treatment planning

• Adaptive algorithms incluing all items above

• Very rapid and exact dose delivery (repaiting, tracking)

• .... Con
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True clinical precision

particles vs. photons

Parameter Photons Particles

High dose conformity

to target volume

precise In some pts. more precise

Irradiated volume large smaller

Image guidance

during treatment

3D (or 4D) IG 

clinically well established

in its infancy

Beam position control clinically well established sporadic (research setting) 

In vivo dosimetry available but clinically not

well established

not available

Full feed back loop yes no

Clinical (high level) 

evidence for relevant 

normal tissue sparing

yes for many sites very little
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But this is not all…

Lung, Mice, 200 MV P+ 
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But this is not all…

[18F]Misonidazol[18F]FDG

10 human SCC in nude mice,  @ 6 mm, 30 f/ 6w
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Biology based treatment stratification 

and treatment planning requires:

• RBE assessment for a large range of beam qualities,

energies and positions on the depth curve and beyond

• RBE assessment for a large range of clinical relevant

cell systems and organ systems

• In the context of combinations used in patients

• Under knowledge of emerging molecular biomarkers

and functional imaging

• Mechanistic understanding

• Systems biology approaches for development of 

comprehensive models for patient use
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But this is not all…

PIMMS1 design has been a big service to 
the community

MedAustron, CNAOCurrently particle therapy is by far more expensive and

by far more dependent on a huge team of highly skilled

experts

Range of beam is needed

Novel approaches need to be investigated (discovery and

basic research) and translated into the clinics (development)

Education and Training

Societal challenges: Innovation and health economy research Con
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European particle network

Brussels Meeting 2015:

All European centers, ESTRO, EORTC,

CERN, ENLIGHT/ULICE

• Scoring and endpoints

• Technology, dosimetry, QA

• Trial inventory (Website);

towards joint clinical trials

• Image guidance in PT

• TPS in PT

• Radiobiology, RBE

• Health Economy 
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1st Particle Therapy Meeting, Brussels 

(8th April 2015)

WP Title Suggested Coordinators

1

Scoring of normal tissue reactions and tumor 

response particle/photon RT; endpoint definitions, 

outcome database

Hans Langendijk, Mechthild Krause, 

Roberto Orrechia

2
Dose assessment, quality assurance, dummy runs, 

technology inventory

Dietmar Georg, Oliver Jäckel, Sairos

Safai

3
Trials inventory (website); „Towards joint clinical 

trials“

Karin Hausterman, Cai Grau, Daniel 

Zips, Jacques Balosso

4 Image Guidance in particle therapy Aswin Hoffmann, Alessandra Bolsi

5 TPS in particle therapy Hakan Nystrom, Tony Lomax

6 Radiobiology, RBE

Bleddyn Jones, Jörg Pawelke, Jan 

Alsner, Martin Prutschy, Manjit 

Dosanjh

7 Health Economy Yolande Lievens, Klaus Nagels

+ Education and Training
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2nd Particle Therapy Meeting, Brussels, 

2016 

----------SAFE THE DATE-----------

2nd Particle Therapy Meeting

When: Wednesday, May 18th 2016

Where: ESTRO office, Brussels, Belgium

Con
tac

t a
uth

or 
to 

us
e s

lid
es



Con
tac

t a
uth

or 
to 

us
e s

lid
es



Con
tac

t a
uth

or 
to 

us
e s

lid
es



Model based approach: 

In silico trial for trial design

Proton vs. photon comparison for H&N

• Two dose escalation steps via 

simultaneous integrated boost (SIB)

• IMRT vs. PBS

• Non-rigid (dose) deformation + summation

• Subgroup analysis

Jakobi et al., IJROBP 2015

Serie III: 11 # × 2 Gy 

Boost

Adaption

+ SIB
2.3 Gy 2.6 Gy

Serie II: 15 # × 2 Gy 

PTV adjuvantSerie II: 15 # × 2 Gy 

PTV adjuvant

Serie I: 10 # × 2 Gy PTV adjuvant

Patient stratification (Hypoxia PET)

Serie III: 11 # × 2 Gy 

Boost 

+ SIB
2.3 Gy 2.6 Gy
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Model based approach: in silico trial for trial 

design
Proton vs. photon comparison for H&N

Jakobi et al., IJROBP 2015Con
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Particle therapy: clinical research

Holthusen, Strahlentherapie 57: 254-268,1936

Current clinical optimum

Proton dose

escalation?

Proton therapy?
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„There‘s no such thing

as a free lunch“

El Paso Herald Post, 1936

Milton Friedman, 1975
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Overall treatment system, e.g. IGRT
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High precison particle therapy:

Range uncertainties

Planned Irradiated

Enghardt et al.Con
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Reducing uncertainties: 

In vivo range verification

Prompt γ-ray imaging Prompt γ-ray timing (PGT)

Enghardt, Richter, Pausch and groupsCon
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Motion control robust TP for

active spot scanning (particles) 

A. Jakobi, Chr. Richter

in cooperation with PSI

PTV with 

overwritten density

ITV with 

overwritten density

Range adapted

ITV
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High precison particle therapy

Image guidance and adaptive planning
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Impact of biological heterogeneity 

on particle therapy research

0 40 80 120 160 200 240

0

20

40

60

80

100

Dose (Gy)

T
C

P
 (

%
)

10 human SCC in nude mice,  @ 6 mm, 30 f/ 6w

Yaromina et al., Radiother. Oncol 83: 304-310, 2007 and unpublished

Number/density of CSC

Cellular radiosensitivity

Repair

Repopulation

Hypoxia/Reoxygenation

…..
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––––

German Cancer Consortium (DKTK)

Germany Cancer Consortium

(DKTK) Radiation Oncology

Group (ROG)
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German Cancer Consortium (DKTK)

MOLECULAR STRATIFICATION FOR RADONC:

MULTICENTER RETROSPECTIVE/PROSPECTIVE TRIAL

(RCT, HNSCC, POSTOP, DEFINITE)
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7/2012 1/2013 7/2013 1/2014 7/2014 1/2015

Kick-off 
Meeting 
Dresden

7/2015

Retrospective explorative cohort

Prospektive Validierungskohorte
Publication  Validation 

2017/18

Biomarker analysis at 
8 DKTK Partner sites

Biomarker analysis at 
8 DKTK Partner sites

DNA/RNA Extraction;
Tissue-microarrays
Adjuvant cohorte

Ethics Committee Dresden 
(„Leitvotum“)

Ethics Cmmt. At 7 DKTK 
partner sites

Start Accrual
Ethics Cmmt Dresden 

(„Leitvotum“)

Final protocol

Darft Protocol

Ethics Committee 7 DKTK Sites

Publication

Centralize patient data, FFPE-material und RT-plans

DNA/RNA extraction;
Primary cohort

Centrale analysis
p53, p16 and HPV DNA

Radiobiological
modeling

Radiobiological
modeling
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German Cancer Consortium (DKTK)

post-op RCT

MOLECULAR STRATIFICATION FOR RADONC:

MULTICENTER RETROSPECTIVE/PROSPECTIVE TRIAL

(RCT, HNSCC, POSTOP, DEFINITE)
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German Cancer Consortium (DKTK)

Nanostring Technology

MOLECULAR STRATIFICATION FOR RADONC:

MULTICENTER RETROSPECTIVE/PROSPECTIVE TRIAL

(RCT, HNSCC, POSTOP, DEFINITE)

Con
tac

t a
uth

or 
to 

us
e s

lid
es



German Cancer Consortium (DKTK)

PROSPECTIVE TRIAL: RECRUITING

12/2013

Closing: end 2016

7/2014 - …

1/2014 - 3/2014

Agreement study
schemes

Ethical approval („Leitvotum“) Dresden + start recruitment

Ethical approval at all DKTK partner sites

Trial Contracts

RadPlanBio access

Initiation

Recruitment ongoing

Postoperative RCT: 

52 (240) Patients
Primary RCT: 

85 (240) Patients

3/2014 – 2/2015

5/2014 – ongoing

5/2014 – 2/2015

5/2014 – ongoing

01.06.2015
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German Cancer Consortium (DKTK)

INTERVENTIONAL TRIAL:

DOSE DE-ESCALATION POST-OP HNSCC

Dose
level

Number of
patients

RT-Dose (Gy) Chemotherapy

CTV
A

CTV
B

Ʃ

1 30 44 16 60 Cisplatin 40mg BSA weekly i.v.

2* 30 40 12 52 Cisplatin 40mg BSA weekly i.v.

*potentially additional biomarkers, dependent on validation cohort and modeling
inverse Pocock design (n=3)
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German Cancer Consortium (DKTK)

DOSE PLAN DATA BANKS

RADPLANBIO (DKTK ROG) 

1. Clinical data
eCRF

DICOM Data

- Advanced (Re) TPS
- Spatially resoluted – dose corrected outcome
- Radiomics
- TCP/NTCP
- Complex models
- trial hypotheses
- secondary analysis
- machine learning
- ...

- Data sets
- Statistics
-DICOM data port (offline)
-DICOM data port (online = WADO)
- ….

2. Dataexport 3. Data analysis

Bio-Data
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Take home messages

• P+ have significant potential

• Mainly based on sparing of low and

intermediate dose (little is known)

• TP, IGRT, Monitoring lags behind

advanced photon therapy

• Model-based approaches and novel

clinical designs needed

• Stratification: small numbers will hurt

• Networks and large treatment plan data

banks needed
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Thanks!
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State of the art

• R
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