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Monte-Car lo + Oxygen Effect: note Log scale LET



The 
‘spread-
out’
Bragg 
Peak
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A Schematic Cyclotron

Treatment 
Room 1 : 
isocentric
gantry

Treatment 
Room 2 
horizontal 
beam

Treatment 
Room 3: 
isocentric
gantry

Research beam; 
radiobiology, gantry 
design, engineering 
and fundamental 
physics

Proton beam line 



Technical developments

• Passive scattering
• Creates wide open 

field to desired 
dimensions

• Subsequent 
modulation possible 
but with constraints

• Spot scanning
• Uses smaller pencil 

beams to paint target 
and any other volume 
to desired dose; voxel
by voxel deposition of 
Bragg peaks.

• energy is varied and 
magnets used to 
deviate angle



The Benefits: improved dose distributions
• Breast [+enlarged heart/ 

significant pulmonary 
disease]

• Pelvis [esp. patients with 
metallic hip 
replacements]

• Curable cancers close to 
spine and brain [ 
applications in head and 
neck, base of skull, orbit, 
meningiomas, sarcomas, 
primary intra-thoracic 
cancers

• Difficult locations, e.g. 
porta hepatis/liver/para-
aortic nodes

• Children and young 
adults with cancer: 
reduced collateral organ 
doses & risk of second 
cancers, organ 
dysfunction, growth 
retardation, skeletal 
deformity, sterility etc

• Safer dose escalation for 
improved cure 

• Reduced bone marrow 
doses; tolerance of 
chemotherapy and 
radiotherapy will improve



Radiotherapy side-effects and everyday life

osteoporosis

Facial/orbital deformities

Stature

Comparability with siblings

Chronic ill-health, 
radiation induced 
malignancies & 
premature death



Where should we send our patients for 
treatment…. 

Heidelberg/Paris/Munich/Boston/Houston/Florida/Indiana
/California/Australia/Japan/China?

View from the Philosopher`s
Garden & Walk; near to 
Institute for Theoretical Physics



Will patients from our remoter areas want to go all the 
way to other countries to have their cancer eliminated, 
however better the climate? Language/culture/support 
services/combined modalities/travel risks/delays.

Mawddach Estuary, N. Wales

From here,  all the way to where costs might be 
lowest…e.g. a Southern European Proton Centre?



Common mis-conceptions
• Protons are “too accurate”

• Can “miss a target more 
easily.”

• RBE – “like Neutrons –
expect more damage”.

• “Only useful for 
chordomas”.

• No; several target volumes used to 
accommodate risk of spread: phase 
1=PTV1, phase 2=PTV2, PTV3 etc. 
Sometimes these are simultaneous 
boosts with protons       e.g. 50 Gy, 
60 Gy, 76Gy volumes.

• Can combine with X-rays/IMRT in 
more advanced cancers, with 
particle therapy boosts as in large 
osteo/chondrosarcomas of pelvis     
[ Chiba results are impressive ]

• RBE is only 1.1 [10%] c.f. neutrons 
3-5 [300-500%].

• Expect less damage

• Initially rationed to chordomas and 
eyes – now used in more sites.



PTCOG 40 - Institute Curie Paris [2004]

• MGH Boston is diversifying, concentrating on paraspinal, 
orbital, chordomas, breast, prostate

• Japan: cure of T1 N0 M0 lung cancers with single dose [27 
GyEq carbon ions], plus no change in lung function

• Japan: hepatoma survival same as radical surgery but 
without apparent morbidity

• Large sarcomas of pelvis: high control rates, little morbidity; 
the expected neuro-toxicity to sacral plexus not experienced.

• Experience at head and neck cancer increasing
• Chemotherapy better tolerated [during and after therapy]
• Improved throughput, beam switching [10 secs between 

rooms] from central source to 3-5 rooms; capabilities of 2500 
- 3000 patients per year from 3-4 treatment rooms.

• Techniques simpler than IMRT; need less 
radiographer/physicist time



In comparison to standard forms of XRT

++++++Bio-
effect

+++++++++++Integral 
dose

++++++++Simplicity

+++++++++++++Target 
dose 
escalation

IonsProtonsIMRTConformal 
XRays



MGH Boston Site visit [October 2004]

• Case mix is increasing, although traditional 
indications predominate (chordomas/sarcomas), 

• Special room for paediatrics, anaesthetic room and 
recovery close by treatment room.

• Brachytherapy options as part of treatment; CT 
guided radio-iodine seed implants [on next slide]. 

• Orbital cancers; individualisation, technically very 
impressive.

• More head and neck cancers/pelvis etc.



Combined Treatments
Clinical problem: vertebral chondorsarcoma, grade 2

Treatment plan: 

Protons to 20 Gy dose prior to surgical exploration [to 
reduce surgical seeding risk], 

Surgical debulking + intra-operative implant to residual 
bone and affected pedicle ®®®® 50 Gy at 0.3 Gy hr-1 at 
spinal surface.

Tumour region dose: 70-90 Gy. Lung dose negligable, 
max surface cord dose =70 Gy, mid cord dose 50 Gy

Implant 
catheters



Northeast Proton Therapy Center-
Patient Population /Case Mix (3/1/04-8/31/04)

• 202 New Pts (13% pediatric / 7% anesthesia)
– Eye/orbit 46   %
– Base of skull, Brain, Sinus/Nasopharynx 34   %
– Spine & prostate 10.5%
– Pelvis, extremity, lung 4.5%
– CNS, neuraxis 2.5%
– Breast 2%



Functional results; health, beauty and preserved abilities, ability to 
learn new skills



Particles: the threat to UK 
Oncology

• Rapid expansion of facilities USA, Europe 
Far East, Australia.

• Well informed patients, or those advised to 
do so, will seek treatment abroad in 
increasing numbers; wealthy patients will 
have advantage

• Loss of income to NHS and private sector 
hospitals; less staff required.

• UK clinical trials may not contain state of 
the art radiotherapy



Modelling of patient numbers for particle therapy abroad - I

Assumptions: 15 per year at present, varying rates of change, maximum limit 
< 10% of present workload would be suitable; i.e. around 12,000 patients per 
year is limit. The Logistic equation is appropriate for competing factors, with an 
upper ceiling. 

Represents 
maximum 
number of 
patients

Jones, Burnet, Price & Roberts



Modelling of patient 
numbers for particle 
therapy abroad  - II

Limited Demand; 
represents 
minimum number of 
patients



Estimation of minimum number of patients for a National 
Particle Therapy Centre [based on very difficult cases per 2 

million population - Townley, Jones and Green]

2540Totals

300-Overseas patients

500c.18Comparative trials

1505Soft tissue 
sarcomas/limbs

36012Pelvis [including 
prostheses]

1806Spinal/para-
spinal/brainstem

30010Head and Neck

45015Breast

30010Chest

N in UKN per 2 millionAnatomical Site



The Costs
• Turn-key centres with three treatment rooms that 

can operate virtually simultaneously; cost = c. £70 
Million

• Treatment costs £8000 - £25,000 depending on 
complexity and numbers of treatments required; 
initial costs and running costs predicted to 
produce a surplus in 6 years if increasing 
workload up to 2,500 patients per year during 3rd

year is assumed.
• Saving of long term costs of side effects in many 

cases and long-term care costs of patients with 
recurrent cancer

• c.f. 4 bunker linac extension  - c. £24 Million
• Costs are 2.5 that of linac based therapy.



Where are we now?
• DH has commenced a 10 year project, the title of which is 

‘Radiotherapy Stocktake-Planning for a World Class
Service’ - it is inconceivable that this does not contain a 
charged particle therapy service.

• Protons /ions will be discussed in greater detail in May 
2005 at next Stocktake Meeting.

• Royal College of Radiologists : ? to produce a report on 
this by July 2006. Arrival of Prof McKenna at Oxford 
April2005.

• Signed contract to end of commissioning takes approx 3 
years.

• UK will be fortunate if it has one functional centre by 2011; 
patient demand will increase substantially before this time 
point is reached.



Pressing needs
• Education of UK clinical 

oncologists and physicists; 
scholarships/fellowships for 
detailed study abroad

• UK needs updated particle 
therapy planning software to 
estimate benefits in individual 
cases

• Network of Specialists - with 
working knowledge of these 
techniques - advise patients & 
families whether treatment 
abroad would be beneficial

• Our Own National Particle 
Therapy Centre – to define role 
in RCTs.


