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Plating efficiency (PE)
40/100 = 0.4 16/200 = 0.08

Surviving fraction (SF) = 0.08/0.4 = 0.2
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Typical tumor 
at diagnosis

Need to kill 
all these 
cells!
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Cell sensitivity to radiation
Cells show a wide range of 
sensitivity

After exposure to radiation, 
tumor cells die through
mitotic catastrophe

How to draw these lines?

How to describe different 
sensitivity?
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Nucleus

Cell survival:
lesion production

versus
lesion repair
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Subcellular dose (Gy)

Radiation
Source Nucleus Cytoplasm Membrane

X-ray 3.3 3.3 3.3

3H-Tdr 3.8 0.27 0.01

125I-concanavalin 4.1 24.7 516.7

DNA is the principal target

Warters et al. Curr Top Radiat Res Q 1977;12:389
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Microbeam experiments with α particles from polonium 
show that the cell nucleus is the sensitive site

DNA is the principal target

Polonium α particles
0 10µm

Scale of cell and needle

Munro TR. Radiat Res 1970;42:451
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Each 1 Gy produces:
Base damage >1000
single-strand breaks ~1000
double-strand breaks ~20
equivalent UV dose 106 dimers
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From Frankenberg-Schwager (1989)

Modifier Cell kill DSB SSB Base
damage

DPC

LET –

hypoxia 0

thiols 0

heat 0 0 0
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Curtis' LPL model

Simple DSB
Complex DSB

α
β

Curtis SB.
Radiat Res
1986;106:252

Michael Joiner Basic Clinical Radiobiology  2022 Page 17 of 26



 

 

 

 
 

  

 

Single-track lesions

 
 

–loge S
(number of
lesions) 

 
  

Radiation dose

Additional lesions
owing to interaction
or accumulation
of sublesions

Curtis' LPL model

Michael Joiner Basic Clinical Radiobiology  2022 Page 18 of 26



 

 

 

 
 

  

Radiation dose

Initial
single-track
lesions

 

–loge S
(number of

lesions)

 
 

 

Fewer lesions
due to repair

 

 
  

 
 

The concept of repair saturation

Michael Joiner Basic Clinical Radiobiology  2022 Page 19 of 26



Totally unsaturated

Partially saturated

Totally saturated

The concept of repair saturation
Michaelis-Menten kinetics

Vmax

½Vmax

  
V =

Vmax A
Km + A

Km Amount of damage

Velocity
of repair
V

A
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Lesion interaction vs repair saturation
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LQC

  − ln(S) =αD + βD2 −γD3

The 
Linear 
Quadratic 
Cubic 
model
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LQ

  − ln(S) =αD + βD2

α/β = 3 Gy

SF2 = 0.5

  
γ = β 3DL( )
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Parameters chosen to 
make response similar 

to LQ at low doses

  
S = e−D D1 1− 1− e−D 1 D0−1 D1( )( )n⎛

⎝⎜
⎞
⎠⎟

Two-component
model may also 
better describe 
response to
high-dose
fractions
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  S = e−αD−βD2

  
α = α r 1+ αs α r −1( )e−D Dc( )

Dc
Low-dose 
hyper-
radiosensitivity

First reported in 1986 in 
mouse epidermis and kidney

Short S, Mayes C, Woodcock M, 
Johns H, Joiner MC.
Int J Radiat Biol 1999;75:847–55.

T98G human
GBM cells
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…Here we provide the first cytogenetic evidence
of low-dose hyperradiosensitivity in human cells
subjected to γ radiation in the G2 phase of the cell cycle…
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• We use models to:
• help make clinical predictions from 

experimental data
• predict the change in outcome when we

alter treatment

• This is possible because radiation biology 
is a quantitative discipline
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