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Survival 

Late Toxicity ??? 



Price of Survival 
Including:  - Neurological Deficits 

   - Growth Retardation 

   - Endocrinology Dysbalance 

   - Psycho-social Impairment 

   - Mental Retardation 

   - Secondary Cancer etc. 

 

Depending on: - Age at Diagnosis  

   - Tumor  

   - Dose and Volume of RT 

   - Surgeries 

   - Chemotherapy etc. 

    

 



Price of survival 

Risk of  

selected severe  (62% total; 25% > 3 issues) or life 

threatening (25%)  

health conditions among childhood cancer 

survivors compared to their sibling 

 

• RT should be as 

intensive as necessary 

and as safe as possible 

Oeffinger et al. (MSKCC).  
NEJM 355(15):1572-82; 2006: 
 



Local control/survival 

Intensification of cancer treatment needed 

in 

• Dose response relationship  

• & non-responder! 

 i.e. osteosarcoma, chordoma, 

 ependymoma… 

 

Journal of Clinical Oncology, Vol 23, No 7 (March 1), 2005: pp. 1491-1499 

 

No cure without RT ! 

Even in the very young (ATRT) 



Why Protons? 



Choroid-Plexus Carcinoma 

2 year old girl 

 

XRT 

PT 

PT - XRT 



Timmermann et al., presented at PTCOG in June 2006 

Photons, IMRT Protons 

7 Fields 2 Fields 

Modern Photon vs. Proton Therapy 



Clinical Experiences 



Kulthau, 2012 QoL N=142 ~36 mo prospective 

Hattagandi, 2011 Neuroblastoma N=9 38 mo  retro 

Yasuda, 2011 CH N=40 56 mo  retro 

Chields, 2011 RMS N=17 60 mo  retro 

McDonald, 2011 Cns GCT N=22 28 mo retro 

Rombi, 2011 Ewing N=30 38,4 mo retro 

Möller, 2011 Medullo N=23 11,0 mo prospektive 

Cotter, 2010 RMS N=9 27 mo retro 

Chan, 2010 Choroidal Melanoma N=19 51 mo retro 

Winkfield, 2009 Cranio N=24 40,5 mo Retro? 

Habrand, 2008 CH/CS N=29 26,5 mo retro 

McDonald, 2008 Ependymoma N=17 26 mo retro 

Rutz, 2007 CH/CS N=10 36 mo retro 

Timmermann, 2007 RMS N=16 8 mo prospective 

Timmermann, 2007 RMS N=9 12,6 mo Prospective 

Luu, 2006 Cranio N=16 60,2 mo retro 

Noel, 2003 CNS N=17 27 mo Retro? 

Hug, 2002 LGG N=27 37 mo Retro? 

Hug, 2002 CH/CS N=29 40 mo Retro? 

Habrand, 1999 CNS N=9 2-50 mo (24?) retro 

McAllister, 1997 CNS N=28 25 mo retro 

Benk, 1995 CH N=18 72 mo retro 

Evidence PT 

Tumour Reports, n Patients, n FUs (months) 

CH/CS 5 

CNS 9 

RMS 5 

Others 3 

1995-2012 22 total 560 total 

4 prospective 22.3 mean 35.9 mean 

B. Timmermann, DEC 2012 



Patients treated with particles 

In children: 

Protons  

Mostly ! 



Evidence IMRT 

 
Panandiker, 2012 neuroblastoma N=20 FU 24.5 mo retro 

Paulino, 2011 Medullo N=50 FU 68 mo retrospective 

Weber, 2011 epend N=7 FU 57.8 mo Retro? 

Paulino, 2010 Medullons N=44 FU 41 mo retro 

Sterzing, 2009 diverse N=31 FU 34 mo Retro? 

Penagaricano 2009 CSA N=18 FU 16,5 mo Retro? 

Curtis, 2009 RMS N=19 FU  56 mo Retro? 

McDonald, 2008 RMS N=20 FU 29 m0 Retro 

Laskar, 2008 NPC N=36 FU27 mo Prospective? 

Jain, 2008 Medullo N=25 ? ? 

Schröder, 2008 Epend N=22 FU 39.8 mo Retro 

Combs, 2007 RMS N=19 FU 17 Mo Retro 

Wolden, 2005 RMS N=28 FU 24 Mo ? 

Huang, 2002 Medullo N=15 FU 18 Mo Retro 

Tumour Reports, n Patient, n FUs (months) 

CH/CS 0 

CNS 7 

RMS 4 

Others 3 

13 total 354 total 

1 prospective 25.3 mean 
 

34.8 mean 
 

B. Timmermann, DEC 2012 



Proton – SMN? 



Siop 2010, 

Boston 



Data German RiSK study 

• “Acute and late side effects to salivary glands and oral mucosa 

following head/neck radiotherapy in children and adolescents. 

Results of the “Registry for the evaluation of side effects after 

radiotherapy in childhood and adolescence” (RiSK).” 

…The radiation techniques (photons 

(n=105) vs. protons (n=27)) also showed 

significant differences. Patients treated with 

protons had an Odds ratio of 0.12 (0.03-

0.45, CI; p=0.002) in view of acute side 

effects to the salivary glands (lower 

toxicity)…. 

T. Bölling et. al., (submitted for pub.) 



 

Embryonal RMS,  

Boy, 7.5 J.  

 

PT - XRT 
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Dose delivery 

techniques    



A Case Study - 

more than physical features… 

 

   (see review Paper from T. Merchant) 

 



Pelvic Alveolar RMS 

• Patient:   DOB 15th Jan. 2002, f 

• Diagnose:  RMA 

• Site:  small pelvis 

• Therapy:  partial resection,  

•    Chemo according to CWS,  

   secondary resection (R1) 

 

• RT-Concept:  PT 45 Gy (2007) 



(mirror inverted) 



• Ovaropexy 

• Reproducible Positioning 

 

 

• Bladder catheterization 

• Dilatation/spacer 

• Daily care 

 



 



Current clinical implementation 

• To be improved („Physics science“ field) 

• In US/GE according to  COG and GPOH 

studies 

• Increasingly centers situated in hospitals 

(Essen, Heidelberg etc.)  

• Increasingly including multidisciplinary 

care incl. Anaesthesia etc. 

 



The Demand 

• Advisory Center for PT of the GPOH; supported by 

– > 300 inquieries/a 

Advice requested by No  

Study board 43 

Hospital 37 

Patient/Family  27 

Proton Center 5 

Study 

COSS  

EU-RHAB 

SIOP-LGG  

HIT 2000  

EWING  

CWS  

Kranio 2007 

MAKEI 

96,GCT  

HIT-Rez 2007 

-> 

see 

our  

poster 



Vision – Overcoming technical hurdles 

- Moving targets 

 

 

 

 

 

 

- PBS for complex cases 

Timmermann et al, 

STRONK 2007 



Treatment System Configuration 

Gantries 1-3

230 MeV Cyclotron

Fixed Horizontal and

Eye Beamlines

Universal Nozzle 

PBS Nozzle 

PBS Nozzle 

Imaging: 

CT  

MRI 

PET-CT 

 

Capacity 1200 pats./pa 

Situated on the campus 

Westgerman 

Proton Therapy Center 

Essen 



The best option is…? 

GPOH, Berlin 2007 

? 

1F 
vertex 

3F 

2F 
Lat. 



Conclusions 

• PT is providing excellent conformal dose coverage 

and sparing of OARs (-> IMRT) 

• PT is reducing the irradiated volume (low- and 

medium dose level) and the risk for secondary 

cancer 

• Inside the target volume all techniques carry the 

same risk of treatment sequelae! 

• Results of PT are promising 

• no higher level evidence in paeds. (no 

randomization foreseen; rare diseases, ethical 

concerns…) 

• Still technical restrictions to overcome 



Outlook 

• PT will play a major role in pediatric oncology if 
available on a broader base! 

• The younger the patient the more benefit from 
protons to be expected! 

( …and the larger the volume is) 

• In US and also increasingly in Germany, PT is 
implemented in the treatment protocols-> 

• Integration in multidisciplinary framework and 
prospective evaluation is essential! 

• Technical improvements ongoing 

 

B. Timmermann, APRIL 2013 



GPOH 

Parents & Patients 

Thank You +TEAM 

Referring Centers 


