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Which form of technology would you
like used to treat your cancer?













Carbon lon Beam Profile
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Orbital Rhabdomyosarcoma
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Medulloblastoma in a child



















Spot scanning
» parallel proton pencil beams

sposition and dose of each spot chosen by computer | nTPS

ssweeper magnets used to scan target volume in trans  verse plane
(steps of 4mm)

escanning depth controlled by changing beam energies

* 1 litre target volume typically 10,000 spots in <5  min....more
advanced technology aims to make this faster

*Reduced proximal dose than with broader scattered b CEINS
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Scanning magnets

Moving wedge

Dosimetry system Range-shifter

Position and dose sensitive
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Gantry size and weight extremely smaller
Vast reduction in radiation shielded space.

Mixed fields.....proton, carbon etc, also some g
rays for verification of beam set up using

conventional portal digital imaging and
reconstructions.

Efficiency of production....less need to use
energy degradation (as in cyclotron beams)

High Dose rates, faster treatments




Final beam collimation...filters, magnets, collimators.

Precision of energy spectrum, particle ranges and
reproducibility

Need to narrow minimum spot size to 4x4x4 mm, but
retain option of using a much larger spot

How often can spot scanning of tumour be
repeated.....ten repeats of scanned beam suggested
for mobile tumours.....to cover large target, could be
1000 total spotting episodes

Combinations of broader beams and spots would
provide faster treatments Inaccuracies would be
at tumour periphery more than around its centre.

Dose limits in a single treatment
session.....Japanese 44 Gy Eq.....=44/3=14.67 Gy.
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Assumption:

Oxygen depletion related
to EXxp[ - x. dose]

where

dose =rate time




Interaction of dose
rate and hypoxia
















(# % % 2+ +
% *
'$ D+7 B
3,E 03<

> )

> )

Can
radical
surgery be
avoided?
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Poissonian model of malignant
induction and cell kill with allowance
for fractionation, repair and RBE for
different radiation qualities
















RBE variation mainly found at low dose per fraction , With
greater range in late-reacting tissues (low  a/b ratio).

Note: most high-LET assays done using low  a/b ratio
endpoints (respond like brown and green lines).




In vivo and In vitro
results are
consistent with high
a/b ratio endpoints

Boston review of
proton RBE studies:
Paganetti et al IJROBP
2002

In vitro shows trend to
higher RBE at low dose
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Expected and achievable
benefits

Reduced fear

Reduced side effects
mproved patient experience
Better quality of life

More cost effective




Problems that remain to be solved -

*RBE Is uncertain...differences between tissues
*Bragg peak Range uncertainties

Particles less ‘forgiving’ for mobile cancers cf x-rays
*Physician might use smaller and ‘inadequate’ PTV

*Malignant induction may - due to - RBE & lower
doses in normal tissues if many particle beams used.

«Skin dose higher (cosmesis) for superficial cancers

*Optimal fractionation?

*\Which patrticle is best for what and where?










