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–– Neutrons in cancer therapyNeutrons in cancer therapy



Units of doseUnits of dose

Dose Unit

G (G )Gray (Gy):

A i l ( ) f iAbsorbed energy in Joule (J) per Kg of tissue.
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Doses for treatmentDoses for treatment

Standard Dose Parameters

• Standard fractionation:
1.8-2 Gy/fraction; 1x day; 5 days/week.

• Total dose:
l (20 30 G ) i l hlow (20-30 Gy): seminoma, lymphoma,...
medium (45-55 Gy): subclinical disease,...
hi h (65 80 G ) t thigh (65-80 Gy): prostate, sarcoma,...
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Effect of radiation on cellsEffect of radiation on cells
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DNA double break triggers cell deathDNA double break triggers cell death



Direct and indirect actions of radiationDirect and indirect actions of radiation

Free radicalsFree radicals
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Effect of radiation on tissuesEffect of radiation on tissues

SigmoidsSigmoids → small increase of dose may correspond to → small increase of dose may correspond to 
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large increase of control!large increase of control!



LET and RBELET and RBE

•• LET LET –– Linear energy Linear energy 
transfer measured intransfer measured intransfer measured in transfer measured in 
keVkeV//μμm or m or eVeV/nm/nm

•• DNA ~ 3 nmDNA ~ 3 nm

•• Ionization W ~ 10Ionization W ~ 10--20 20 eVeV

•• High LET = ionizations High LET = ionizations 
inside DNA → Direct inside DNA → Direct 
actionactionactionaction

•• RBE RBE –– Relative Biological Relative Biological EffectivnessEffectivness with respect to Xwith respect to X--rays rays 
(RBE =1 by definition)(RBE =1 by definition)
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The oxigen effect and OERThe oxigen effect and OER

•• OER OER –– Oxygen Enhancement Ratio Oxygen Enhancement Ratio –– Low LET Low LET radiations radiations are are 
sensitive to oxygen (formation of free radicals)sensitive to oxygen (formation of free radicals)
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FractionationFractionation

The dose in radiation therapy is not given all at once but in several The dose in radiation therapy is not given all at once but in several 
fractions mainly tofractions mainly to

–– spare normal tissues through a repair of subspare normal tissues through a repair of sub--lethal damage lethal damage 
between dose fractions and repopulation of cells.between dose fractions and repopulation of cells.

–– increase increase tumourtumour damage through damage through reoxygenationreoxygenation and and 
redistribution ofredistribution of tumourtumour cellscellsredistribution of redistribution of tumourtumour cells. cells. 

The current standard fractionation is based on 5 daily treatments per The current standard fractionation is based on 5 daily treatments per y py p
week and the total treatment time of several weeks. This regimen week and the total treatment time of several weeks. This regimen 
reflects practical aspects of dose delivery to a patient, successful reflects practical aspects of dose delivery to a patient, successful 
outcome to patient treatments and convenience to staff deliveringoutcome to patient treatments and convenience to staff deliveringoutcome to patient treatments, and convenience to staff delivering outcome to patient treatments, and convenience to staff delivering 
the treatment. the treatment. 
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Methods in conventional radiation therapyMethods in conventional radiation therapy

BrachitherapyBrachitherapyBrachitherapyBrachitherapy
–– Insertion of radiation sources in the bodyInsertion of radiation sources in the body

TeletherapyTeletherapy
–– Bombardment of the tumour tissues with radiation coming from outside Bombardment of the tumour tissues with radiation coming from outside 

the body of the patientthe body of the patient

Radio immunotherapyRadio immunotherapyRadio immunotherapyRadio immunotherapy
–– The radiation is brought by a radioisotope attached to a specifically The radiation is brought by a radioisotope attached to a specifically 

selective vectorselective vector
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Radioactivity in cancer therapyRadioactivity in cancer therapy
targeted radioimmunotherapytargeted radioimmunotherapytargeted radioimmunotherapytargeted radioimmunotherapy

αα particles from Bismuthparticles from Bismuth--213213 for leukaemiafor leukaemia

ββ particles from  Yttriumparticles from  Yttrium--9090 for glioblastomafor glioblastoma

teletherapyteletherapy

gammas from Cobaltgammas from Cobalt--6060 for deep tumoursfor deep tumoursgammas from Cobaltgammas from Cobalt 6060 for deep tumoursfor deep tumours

CobaltCobalt--6060

(1  MeV gammas) (1  MeV gammas) 

is produced in reactorsis produced in reactors

byby slow neutronsslow neutrons
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Cobalt source
2000

by by slow neutronsslow neutrons



Teletherapy with XTeletherapy with X--raysrays

e- + target → X

Electron Linac
3 GH3 GHz

6-20 MeV
[1000 x Röntgen]

targettarget

•• Electron linacs to produce gamma rays (called XElectron linacs to produce gamma rays (called X--rays by medical doctors)rays by medical doctors)

[1000 x Röntgen]
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•• 20'000 patients/year every 10 million inhabitants20'000 patients/year every 10 million inhabitants



Production of  X “quanta” Production of  X “quanta” 

atom

ionizationionization

nucleus

3 MeV
quantum

heavy 
nucleus

electron accelerated
to 10 MeV

nucleus

scattered electron
7 MeV

electromagnetic
field drawn

by the electron
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Computerized Treatment Planning System (TPS)Computerized Treatment Planning System (TPS)

•• TC scan data are TC scan data are 
used to used to 

•• design the design the 
volume to be volume to be 
irradiatedirradiatedirradiated irradiated 

•• choose the choose the 
radiation fieldsradiation fields

•• calculate the calculate the 
doses to the doses to the 
t t d tt t d ttarget and to target and to 
healthy tissues healthy tissues 

•• The dose is given in The dose is given in 
about 30about 30--40 fractions 40 fractions 
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The problem of X ray therapyThe problem of X ray therapy

Photons

X ray beam

Dose levelDose level

Physicists:Physicists:

Build up effectBuild up effect

TargetMedical doctors:Medical doctors:

Skin sparing effectSkin sparing effect
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NoseCourtesyCourtesy Noseyy

Prof. R. Prof. R. MiralbellMiralbell,,

HUG, GenevaHUG, Geneva

Ear

Cerebellum

Tumor

MRI t f th C t l N S tMRI: tumor of the Central Nervous System

Rome - 14-15.06.07 - SB - 4/5 16



100100
0 0

00

Rome - 14-15.06.07 - SB - 4/5 17The ideal case… with ideal radiation !!!The ideal case… with ideal radiation !!!



80 305080 3050

Conventional 3D conformal RT with photonsConventional 3D conformal RT with photons
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30 805030 8050

C ti l 3D f l RT ith h tConventional 3D conformal RT with photons
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Conventional 3D conformal RT with photons

Rome - 14-15.06.07 - SB - 4/5 20



The problem of X ray therapyThe problem of X ray therapy

Solution:Solution:

U f d bU f d b•• Use of many crossed beamsUse of many crossed beams

•• Intensity Modulation Intensity Modulation 
Radiation Therapy (IMRT)Radiation Therapy (IMRT)Radiation Therapy (IMRT)Radiation Therapy (IMRT)

9 different photon beams9 different photon beams

The limit is due to the dose The limit is due to the dose 
given to the healthy tissues!given to the healthy tissues!given to the healthy tissues!given to the healthy tissues!

Especially near organs at Especially near organs at 
risk (OAR)risk (OAR)
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Multi leaf collimators and IMRTMulti leaf collimators and IMRT

33--fields IMRTfields IMRT33--fields IMRTfields IMRT

Prescription Dose Prescription Dose 

PTV

OR

PTV

OR

PTVPTV

OROR

Multi leaf collimator whichMulti leaf collimator which

PTVPTVPTVPTV

moves during irradiationmoves during irradiation

•• It is possible to obtain concave dose volumesIt is possible to obtain concave dose volumes

( f )( f )
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•• Time consuming (used for selected cases)Time consuming (used for selected cases)



TomotherapyTomotherapy

•• The tumour is irradiated as the accelerator The tumour is irradiated as the accelerator 
rotates and the patient is moved (spiral pattern)rotates and the patient is moved (spiral pattern)

•• The intensity is modulated through the use of a The intensity is modulated through the use of a 
multimulti--leaf collimatorleaf collimator

CT imaging integrated within the device itselfCT imaging integrated within the device itself
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•• CT imaging integrated within the device itselfCT imaging integrated within the device itself



The “gamma knifeThe “gamma knife””

Proposed in 1967 by Lars Leksell (neurosurgeon) and Proposed in 1967 by Lars Leksell (neurosurgeon) and 
Borje Larsson (physicist) at Karolinska Institutet, Borje Larsson (physicist) at Karolinska Institutet, 
StockholmStockholm

Treatment of selected brain tumors, arteriovenous Treatment of selected brain tumors, arteriovenous 
malformations and brain dysfunctions malformations and brain dysfunctions 

Small volume diseases (located in the head) treated in Small volume diseases (located in the head) treated in 
one session only (“stereoone session only (“stereo--tactic radiotactic radio--surgery”)surgery”)

Today, more than 30000 patients every yearToday, more than 30000 patients every year

201 60Co radiation sources
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201 Co radiation sources



The “cyberThe “cyber--knifeknife””

Lightweight 6 MV linear accelerator to Lightweight 6 MV linear accelerator to 
produce Xproduce X--rays mounted on a roboticrays mounted on a roboticproduce Xproduce X rays mounted on a robotic rays mounted on a robotic 
arm arm 

Use of XUse of X--rays taken during treatment to rays taken during treatment to 
establish the position of the lesion and establish the position of the lesion and 
monitor the treatmentmonitor the treatment

Possibility of multiple fractionsPossibility of multiple fractions

Used to treat small volume tumours (ex . Used to treat small volume tumours (ex . 
Brain, head & neck, lung, spine, Brain, head & neck, lung, spine, , , g, p ,, , g, p ,
abdomen and pelvis) and  lesions abdomen and pelvis) and  lesions 
throughout the spinethroughout the spine
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Intra Operative Radiation Therapy Intra Operative Radiation Therapy 
(IORT)(IORT)( )( )

Irradiation with an electron beamIrradiation with an electron beamIrradiation with an electron beam Irradiation with an electron beam 
during surgeryduring surgery

Electron energies: 3 Electron energies: 3 –– 9 MeV9 MeV

Mean dose rate: 6 Mean dose rate: 6 –– 30 Gy/min30 Gy/min

Irradiation time (21 Gy): 0.7 Irradiation time (21 Gy): 0.7 –– 3.5 min3.5 min
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The problem of organ motionThe problem of organ motion
lu
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Possible solutions:Possible solutions:
Margin for

Setup Error
-- Respiratory gatingRespiratory gating
-- Image Guided Radiation Image Guided Radiation 
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Therapy (IGRT)Therapy (IGRT)



Can we do better ?Can we do better ?

9  X ray beams   (IMRT)9  X ray beams   (IMRT)2  X ray beams2  X ray beams

A question for a particle physicistA question for a particle physicist

Are there better radiations to attack the tumour and spare at best the healthy 
tissues?        
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Answer : BEAMS OF CHARGED HADRONS



Let’s go back to physics...Let’s go back to physics...

Fundamental physicsFundamental physics
Particle identificationParticle identification

L3 t LEPL3 at LEP

Medical applicationsMedical applications
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Cancer hadrontherapyCancer hadrontherapy



End of part IVEnd of part IV
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