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Radiobiologia:  

High dose per fraction 

 

 

Lidia Strigari 

Laboratorio di Fisica Medica  

e Sistemi Esperti  

SBRT 

• Although SBRT constitutes a potpourri of 

technologies and techniques, including three-

dimensional conformal, intensity modulation, image 

guidance, motion control, and stereotactic targeting, 

the hallmark of SBRT is delivery of a potent, 

ablative or nearly ablative dose in oligofractions  

(i.e., five or fewer fractions). 
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outline 

• What is the biological basis of potent 

hypofractionation used in SRS and SBRT?  

• Does LQ model work at high doses?  

• What effect does occur increasingly at higher 

doses per fraction?  

• Are “4Rs” of radiobiology still relevant to SRS/ 

SBRT regimens?  

 

Radiobiology  

Classical Radiobiology   Fractionation   4Rs  

 

 

 

 

 

Cell survival curves and modeling  

• Linear quadratic (LQ) model and modifications to LQ model to fit 

the data at high dose   

• Vascular effects/endothelial cell damage at high dose   

• Immune system effect  

• Dose-rate effect ?  

SBRT /SART 4Rs revisited  
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Il modello Lineare Quadratico   

• Per semplicità è conveniente pensare che la radiazione in una 
cellula può produrre o un danno di tipo “A” o di tipo “B” 

• Il danno di tipo “A” si ha 
quando un singolo evento 
disattiva due bersagli critici 
(es. due eliche del DNA); 

 

• Il danno di tipo “B” è il 
danno prodotto su ogni 
singolo bersaglio da due 
eventi separati (es. ogni 
elica del DNA interrotta in 
punti diversi da due eventi 
separati).  

 

Nel modello Lineare Quadratico  

• Il danno di tipo “A”  è 

rappresentato dal termine  D 

 Il danno di tipo “B” è 

rappresentato dal termine  D2 
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Differenze OARs e Tumore  

late 

tumor 
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    Fowler J F 2008 Linear quadratics is alive and well: in regard 
to Park et al. (Int J Radiat Oncol Biol Phys 2008;70:847-852) 
Int J Radiat Oncol Biol Phys. 72 957 

Question 1: Is the LQ model appropriate to model high dose 

per fraction effects in SBRT/SRS ? 

 /2TD

 TDtg @

 
 /

2D
DDBEDn 

   T
T

Tn DD
D

DDBED 




 /

2

TDD 

TDD 

Astrahan, Med. Phys. 2008 

On the log-linear plot, the 

LQ curve closely fits these 

experimental results for 

Chinese hamster cells in 

culture up to a dose of 6 Gy, 

but then continues to bend. 

The experimental results are 

observed to become linear 

at high dose. 



6 

LQ model tends to overestimate the effectiveness of 

cell killing by a single high dose 

 • The essential problem stems from ignoring the reduction of 

sublethal damage after conversion to lethal damage; 

therefore the pool size of the sublethals lesions which are  

available to be converted to lethal lesions with further 

irradiation is over estimated (Wang JZ et al. Sci Transl Med. 2010)  

gLQ:  α = 0.10/Gy, α/β = 0.80 Gy 

 

LQ:  α =  0.15/Gy,  α/β = 2.0 Gy  

  

gLQ : α = 0.11/Gy, α/β=0.82 Gy 

 

LQ:  α=0.40/Gy,  α/β= 16 Gy 

Universal Survival Curve     Park  et al. 2008  
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Wennberg et al. 2013   
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NSCLC 
Local control rates were  

89% and 62%  

at 36 months  

for >100 Gy and <100 Gy BED 

(p = 0.0001) 

α/β=10 Gy 

NSCLC 

> 24 months  

α/β=8.6 Gy 
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NSCLC 

α/β=8.6 Gy 

 

Vascular effect  

Endothelium  

Dose rate  

effect  
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• For D < 5Gy oxic cells die 

• For D > 5Gy hypoxic cells 

death dominates  

• For D >10 Gy Vascular 

damage at high doses 

produces secondary cell 

killing, suggests that 

radiation doses induce 

vascular damage 

leading to  indirect 

tumor cell death.  

 

Vascular effect  

Endothelium  

Dose rate  

effect  
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• vasculature associated with tumors is not  normal   

• The blood vessels in a tumor bed, generally  speaking, 

are tortuous, dilated, and poorly  organized   

• The surrounding pericytes are abnormal. They  tend to 

be hyperpermeable and leaky   
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Vascular effect  

Endothelium  

Dose rate  

effect  

 

The oncologist’s prospective  
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Animal model  

Animal model  
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IRE experience  

 

Vascular effect  

Endothelium  

Dose rate  

effect  
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FFF vs FF: beam hardening  

• FFF ha una più bassa energia media 

• 10FFF  8  

 

 

 

 

 

• Dose rate  24 Gy/min  

VMAT 

Ref.  Cells  E (MV) Dose rate 

(Gy/min) 

 

Modulate

d beam  

Effect  

Sørensen et 

al. RO 2011  

HN FaDu 

V79  

6FFF 

6X 

5, 10, 30 No No 

Loshe  et 

al.RO 2011  

Gliomas T98G (mut-

p53)  

U87MG 

10FFF 

10X 

0.02, 4, 24  No Yes at D≥10 Gy  

King  et 

al.PMB 2013 

PCa DU 145,  

NSCLC H460  

6FFF 

6X 

3, 11 Yes 

(bolus)    

No  

Verbakel et al. 

AO 2013 

Lung SW1573 ;  

gliom T98 (Mut-p53); 

astroc D348  

6/10 

FFF/X 

4, 8  Yes 

(IMRT) 

No  

Karan  et al. 

PMB 2013  

cervix SiHa;   

NSCLC H460;  

V79 

6/10 

FFF/X 

3, 10  No No  

Bewes et al. 

2008  

melanoma MM576;  

NSCLC H460  

6FFF 

6X 

1.2, 5  Yes Dose rate effect  

on protracted 

delivery  
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In vivo bystander effect: carcinogenic potential 

• Reoxygenation   

When tumors are treated with SRS/SBRT the intra-tumor environment  will 

become hypoxic leading to secondary cell death due to vascular  damage   

• Repair  

Vascular damage and ensuing chaotic intratumor environment may  

significantly hinder repair of radiation damage  

• Redistribution   

after irradiation with extremely high doses of radiation (>15-20 Gy), in  a 

single fraction, cells are indefinitely arrested in the phases of cell cycle 

where they were irradiated and undergo interphase cell death   

• Repopulation   

Since SRS/SBRT treatment courses substantially short (1-2 weeks)  

repopulation of tumor cells will not be substantial during the course of  

SBRT   

Not significant factors. Differential biological effect between tumor and 

normal tissue is largely gained through minimization of normal tissue 

volume in SRS and SBRT   

SBRT /SART 4Rs revisited  
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Adaptive RT – Liver  

Adaptive RT – Liver  
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Conclusion  

 

• Extreme hypofractionated RT (SBRT/SABR) seems 

to be capable of  overcoming hypoxic radioprotection 

through mechanisms other  than directly killing tumor 

cells via DNA damage.   

• Important mechanisms for cell inactivation has been 

hypothesized to become important at doses >10 Gy   

– Vascular effects occurs increasingly at higher doses per 

fraction   

– Immunological effect  

– Bystander effect  

 

 

 

 


