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• Individual therapy
• very time consuming (sedation, anesthesia) 
• Interdisciplinary team
• Mostly in trial protocols

Pediatric cancer particle therapy



Challenges in pediatric RadioOncology

Complex tumor volumes

Proximity to neighboring 
organs, e.g.: 

• optical nerves

• bone marrow 

• tendon crossings 

• brain stem

High risk for therapy induced adverse effects:
• Impaired vision, blindness
• Neurological deficits
• Xerostomia (mouth dryness)
• Impaiment of growth, deformations
• Hormonal deficits
• Secondary malignancies
• etc. 

Aim: local tumor control 



Indications for particle therapy in pediatric RadiationOncology

Protons

• Chordoma / low grade chondrosarkoma

• Glioma, Ependymoma, boost-irradiations

• RMS, EWS, (head&neck, orbita, parameningeal etc.)

• Paraspinal tumors, e.g. sarkoma

• (irradiation of craniospinal axis in medulloblastoma, 

pineoblastoma etc.)

Carbon ions

• Chordoma / low grade 

chondrosarkoma

• Osteosarkoma

• Rare tumors, e.g. 

adenoid cystic

carcinoma (ACC)
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The prognosis for
overall survival for
pediatric cancer
patients has
improved over the
decades



Price of survival: the childhood cancer survival study
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Cumulative incidence of 
chronic health conditions
among 10,397 adult survivors
of pediatric cancer

Oeffinger et al, NEJM 2006



Price of survival: the childhood cancer survival study
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62% affected,

25% vital, 

25% >3 conditions

Oeffinger et al, NEJM 2006
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Cause-specific late mortality 
among long term survivors of 
childhood cancer

Price of survival: late mortality



Price of survival: late mortality
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physical rationale for ion beam therapy
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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



Level of evidence

06/07/2023 12

Randomized trials on proton beam 
therapy in children internationally 
considered unethical



German society of radiation oncology
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Proton beam therapy

• is NOT considered being experimental

• is considered to be a proven radiation technique

• can be performed according to 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



medulloblastoma
• Large irradiation field

• Vertebral bodies might need to be
included in PTV

• Growth impairment

• Blood production disorders

• So many citical OAR:

thyroid gland, heart, lungs, kidneys,   

bowel, …

→ challenging situation necessitating

special radiation techniques





cranio spinal irradiation

CTV

inner ear

esophagus

lung

kidneygut



protonen photons



In vivo range verification

Treatment plan dose distribution T1-weighted MRI

~6 month
after

Proton RT

Fatty changes
in irradiated part
of vertebral bodies

Proves entire treatment chain, incl. patient positioning, beam application







The current analyses indicated that proton 
therapy had both lower total cost and 
better effect than conventional radiation. 
In the base-case analysis, proton therapy 
was associated with €23,600 cost savings, 
0.27 additional life years, and 0.68 
additional QALYs per patient compared 
with conventional radiation. Thus, the 
additional costs for radiation therapy were 
offset by reduced costs for adverse events. 

Evidenz for Cost
effectiveness!



Proton beam therapy for CNS

1. Craniospinal ( „CSI“) 

2. Whole ventricular system

3. Focal irradiation

4. Tumor bed

5. …



Proton beam therapy for non-CNS

1. Osteo-, Rhabdomyo- or Ewing-Sarcoma

2. lymphoma

3. neuroblastoma

4. retinoblastoma



Evidence for
reduction of SPC



A (Strong) Case 2008: Dx: Bilateral RB

TX: Enucleation left eye

Chemotherapy

EBRT right eye (50Gy)

2015: ♀ 7.5 y.

Swelling left paraocular

Dx: undiff. Sarcoma

Today: Proton
Beam Therapy













dose reduction

IMRT

PT

26 y, f, DLBCL
St. IIA with bulky disease

RT: 36 Gy RBE in 18 Fx

Dmean heart:
7.2 Gy vs. 3.5 Gy RBE

Dmean breast right:
1.4 Gy vs. 0.1 Gy RBE

Dmean breast left:
2.4 Gy vs. 1.7 Gy RBE

Konig L. et al. Strahlenther Onkol, 2019



DLBCL – consolidation RT 36 Gy

Technik AP-PA IMRT protons

Median dose 

to heart
30 Gy 9 Gy 0 Gy

Mean dose 

to heart
22 Gy 13 Gy 6 Gy



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



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



summary

• Proton beam therapy is 
significantly superior in 
sparing OARs

• And therefore also in the 
reduction of long-term 
sequelae

• Suitable candidates for 
protons are
– young patients with long life 

expectancy

– Female patients, particularly if 
elevated risk for breast cancer

– Limited volumes in close 
proximity to the heart

– Large treatment volumes

such as CSI



Thank you!

referenzzentrum-strahlentherapie
@med.uni-heidelberg.de

Fon: +49 6221 56 35689
Fax: +49 6221 56 8968

parent‘s and children‘s radiotherapy video guide


