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Cancer therapy
More than 75% of all cancer patients has 
only loco-regional extension at the time of 
diagnosis.

Such patients can be cured by an effective 
loco-regional therapy (directed towards the 
prinmary tumor and the associated regional 
lymph nodes).

Surgery and/or radiotherapy is the key 
treatment modalities in this situation. 
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•Modified from: M. Tubiana EJC

The importance of different therapeutic 
modalities for the cure of cancer
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A little story

from the early days of 
high voltage irradiation 
when a new technology 
was just introduced

– and used with 
excitement.



Secondary cancer
Pancreas 7
Colon 4
Bladder 2
Basal cell 2
Unknown primary 2
Kidney 1
Sarcoma 1

1966 1966

Radiotherapy of testicular cancer

94 pts. treated 1964-71
• 7 patients with late 

ocurring severe 
neurological symptoms 
(latency 10-20 years)

• 19 pts. with secondary 
cancer in the irradiated 
fields

Co-60 Ant.-post. fields treated on alternating days.

Knap et al. Acta Oncol  2007

A few ”other problems”
Arteriosclerosis
9 pt. all diagnosed < 60 years
Gastrointestinal:
4 necrosis of small intestine (3 dead)
4 gastric ulcer 
3 surgery for ileus/stenosis
2 severe malabsorbtion
Kidney:
2 nephrectomy due to radiation induced 
nephritis
1 dead of malignant hypertention



RT LATE EFFECTS



Indikations for particle therapy

• Reduced risk for serious side effects
• Increased tumor dose and a consequential better 

cure rate.



Understand the underlaying biological mechanism 
of (late) radiation damage with special reference to 
particle therapy (volume, dose, patogenesis)

Select patients for particle therapy 
on that basis

(Dutch modelbased approach)
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Severe fibrosis in head and 
neck cancer





Why radiobiology?
• Gained knowledge from photon irradiation cannot 

necessarily be directly transferred to particles/protons

• Particles may show unique molecular and cellular 
responses compared to photon radiation

• Complexity of the DNA damage

• Differential gene expression

• Epigenetic modulation 

• Effect on cell cycle 

• Hypoxia



RBE – the weakest link 

Must be clarified to secure optimal particle therapy
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Sørensen, Overgaard og Bassler, Acta Oncol; 2011



Radiobiology - needed projects

We need (and are short of data related to): 

• RBE in a range of clinically relevant 
treatment schedules and tumor/normal 
tissue models

• Combination with other treatments

• Radiogenomics: individualisation, risk of normal 
tissue damage



In vivo RBE  - Carbon Ion

Sørensen et al 2016



Because it is simple and easy – not because it is right 



But (proton) RBE is not a single figure, because it 
is  influenced by many factors, e.g: 

LET
SOBP (distal end)
Dose and fractionation
Cells and tissue type  (alpha/beta)
Endpoint
etc…

so even we do not talk about it – is the situation 
rather complex, 



RBE - painting

Gueulette et al 2010

Carbon ions

• A homogeneous biologically effective dose requires an inhomogeneous 
physical dose distribution – even for protons



Niels Bassler – LET-painting

LET-painting : Oxygen-16 ions



Motivation
Need for radiobiological research with ion beams:

– Protons and Carbon ions in clinical use
• Improved dose distribution, but limited understanding of 

all effects
• Other ions than p and C could be better suited (for certain 

cases)

– Radiobiology of new ions: Incoherent sets of data 
(radiobiological and clinical) observed under different 
conditions: cell survival for different ions/LET/doses, 
bystander effects, RBE …

(Ghislan Roy, et al. Presentation of  2015-03-27)

Courtesy of Prof. Waligorski



Focus

1. “Provides particle beams of different 

types and energies: Exotic ions ?

2. Only for comparison: X-rays, protons 

carbon ions… ?



Tools: Classical cellular models

Ions: H, He, Li, Be, B, C, N, O, Ne, 
Ar, Fe, Pb, U  ??

Energy:  5 – 70 MeV/amu ??
Range in water: 0.1 – 30 cm 
Beam c/s: 0.5 - 15 cm (flat dose distr.)
Dose rates:  1-10 Gy/min.
Horizontal and vertical  (up) beams
Dosimetry: protocol/to be developed

Cells (1x105) in 400 µl of medium, plated as a drop in the 
centre of a 35 mm Petri dish and left overnight to adhere
(cells occupied an area ~ 1cm2) 

Courtesy: D. Słonina (Centre of Oncology, Kraków) 

Snout Beam

Markus ionization chamber

Buildup plates (plexiglass) 

Courtesy of Prof. Waligorski



Tools: Animal experiments: Cancer models

d7

d16

d25

• Subcutaneous murine, rat, syngeneic, human, PDX tumor models
• Orthotopic lung, brain human modelspneumonitis and fibrosis)

Test immunological effects, dose/RBE painting strategies, genetic defects…



Tools: Normal tissues (in vivo models)

 Normal tissue radiation-induced toxicity models (gut 
mucosa, lung pneumonitis and fibrosis)



Tools: Animal models e.g. microbeams

Proton microbeams 
(Kłodowska et al. Physica Med. 2015,

(FLUKA MC)

Courtesy of I. Martinez-Rovira



The scenario

We have no good long-term clinical data – and can just 
wait and hopefuly trust that we do not make harm.

It is most likely that we either under- or overdose our
treatments – but only time will show. 

We need guidence – but are simply short of good
experimental studies in relevant animal model 
systems which can yield data from especially late
responding tissues treated with relevant fractionation.



The scenario

Particle - especially proton - therapy is becoming a part of 
modern radiotherapy

The (potential) benefit must be explored in an academic
environment (with the best armamentarium - (there are
no room for political short cuts) - aimed to generate the 
needed evidence.

We think we have more knowledge, than we have.

But we can only achive that through (large) international 
collaboration

The scenarioThe scenario
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