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As a low 

LET particle 

traverses a 

DNA 

molecule, 

ionizations 

are far apart 

and double 

strand breaks 

are rare

With high LET 

particles, 

ionizations are 

closer together 

and double 

strand breaks 

are more 

common



Effect of LET on cell survival curves

RBE
doseof Coradiation

doseof differentLET radiation
=

60

to produce the same biological effect

Cell sensitivity increases as 

LET increases

The increase in sensitivity 

is represented by the RBE
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Factors which influence the RBE

ÈRBE depends upon:

Åradiation quality (LET)

Åradiation dose

Ådose/fraction

Ådose rate

Åbiological system or endpoint
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Effect of dose and dose/fraction on 

the RBE for neutrons

The RBE is high for 

low doses (=3.0)

The RBE is high for 

low doses/fraction 

(=2.6)

The RBE is low for 

high doses (=1.5)
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Effect of dose and 

dose/fraction on the RBE
ÈAt low doses (and low doses/fraction), 

the RBE will be higher since there is 
more repair at low doses and this favors 
the standard 60Co radiation

Åthe numerator in the RBE equation 
increases as dose decreases

ÈA similar effect is seen with low dose-
rate irradiation 
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RBE dependence on the 

type of cell irradiated

ÈIn general, cells which exhibit large shoulders 

in their survival curves will have high RBEs

ÈConversely, cells with little, if any, shoulder will 

have low RBEs

ÈBut there are exceptions due to the different 

interaction mechanisms between low- and 

high-LET radiations e.g. cell-cycle effect



Variation of RBE and 

OER with LET

As LET increases:

RBE increases

and OER decreases
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Influence of LET on cell-cycle effect

ÈFor high-LET radiations the cell-cycle 

effect is less than with low LET 

radiations

Åcancer cells or late reacting normal 

tissue cells trapped in resistant phases 

of the cell cycle will be less protected 

when treated with high-LET radiations
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Why high-LET radiotherapy?

ÈPhysical benefits

Åthe Bragg peak

Åreduced penumbra

ÈRadiobiological benefits

Åreduced effect of hypoxia

Åreduced cell cycle effect
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Why protons?
ÈThe major reason is 

physical

Åthe Bragg peak
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Depth-dose characteristics of 

high-energy protons

The depth of 

the Bragg 

peak can be 

adjusted by 

changing 

beam energy

(Jones, 2006)
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The Bragg peak
ÈDepth can be changed by varying the 

energy

ÈToo narrow for all but very small lesions

ÈCan be widened by mixing beams of 

several energies using a range filter 

(diluted Bragg peak)
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Variable range shifter

The number of slabs of the  

range shifter are varied to 

modulate the energy of the 

beam reaching the patient in 

order to produce the spread 

out Bragg peak

The patient specific 

compensator is designed to 

shape the distal extent of the 

high dose region
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Spreading out the proton Bragg peak

By using 12 slabs of 

range shifter in this 

example it is possible to 

produce a spread out 

Bragg peak of uniform 

intensity from 15 to 40 

mm in depth



Biological benefits within the 

spread out Bragg peak

ÈBecause the spread out Bragg peak 

contains protons from the low-LET 

plateau region, the average LET is not 

very high

Åbiological benefits such as reduced effects 

of oxygen and the cell cycle will be greatly 

reduced
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Proton treatment for macular 

degeneration using the Bragg peak

Moyes et al, Medical Physics 26, 777, 1999

For beams that do not need 

to be spread out, the LET 

of the protons remains 

high

Biological benefits of high 

LET radiations are 

maintained
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Partial breast irradiation using the 

spread-out Bragg peak

http://www.ro-journal.com/content/1/1/22/figure/F3
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Target volume DVHs for this breast 

treatment by different modalities

Weber, 2006
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Heart DVHs for this patient

Weber, 2006


