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3DX-rays
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points / pear dimensions  contoured volumes

Different approaches with respect to 

¨ prescription method and evaluation of target dose

¨ evaluation of dose to critical organs  



Recommendations from the  GYN GEC–ESTRO WG :

�� Haie-Meder et al., R&O, Vol 74(3), March 2005
® target definition

�� .    Pötter et al., R&O, Vol 78, January 2006
® new concepts and terms / dose evaluation

Controlled transition: 
compare traditional and 3D based technique

® new concepts and terms / dose evaluation



Transition period in Leuven:

apply the traditional X-ray technique ¨

acquire MR images to investigate the dose  

distribution without making abrupt changes to the 

traditional prescription method

(no contouring at time of clinical planning)

¨



Retrospective analysis of 
clinical X-ray based planning 
by evaluation of the dose parameters 
on MRI-based target volumes and OAR

��

 	


on MRI-based target volumes and OAR

Dose optimisation using MRI : 
assessment of potential gain compared 
to the X-ray based method  

��



� ����������������	���

¨ 16 cervix patients (stage I-IV) treated with PDR
after EBRT of 45Gy

¨ “clinical plans” : traditional X-ray method - Plato (Nucletron) 

• dose prescription @ A

® dose as high as possible in order to cover the 
initial target volume with the 60 Gy isodose volume

•  limited by tolerance doses / dose rates in OAR

® ICRU bladder point :  85 Gy         max. 60 cGy/h 
ICRU rectum point :   75 Gy 



¨ 3 target volumes
(acc. to Gyn Gec-Estro WG)

¨ critical organs
bladder, rectum, sigmoid

Delineation on MRI

A. Retrospective study

(acc. to Gyn Gec-Estro WG)

GTV : macroscopic tumour extension (high signal intensity)

HR-CTV  : GTV + whole cervix 
+ presumed tumour extension at time of BT

IR-CTV  : HR-CTV + margin for microscopic tumour load
based on initial tumour spread before EBT



¨ comparison of parameters:

¨ projection of the X-ray dose grid on MRI

X-ray MRI

A. Retrospective study

bladder 
rectum

D2ccdose in ICRU points

D90 target dose in point A

X-ray MRI



To take into account the dose rate effect
doses are considered in terms of a iso-effective dose
radiobiologically equivalent to 2 Gy / fraction (50 cGy/h)
based on the linear-quadratic model

A. Retrospective study

with a/b = 10 for the target 
a/b = 3 for the OAR 

T1/2 = 1.5h for sublethal damage repair 
(both target and OAR)
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B_icru =  !" ± 10 Gy

A. Retrospective study

D2cc  =   #$ ± 8 Gy   
D2cc  vs  ICRU



R_icru = $� ± 4 Gy 

D2cc  vs  ICRU
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A. Retrospective study

D2cc  =  %&± 3 Gy   



Dpr in A :   #' ± 6 Gy

�&' �


 ((# ± 43 Gy !$ ± 9 Gy $% ± 5 Gy

GTV

IR CTVHR CTV

A. Retrospective study

] ] ]

GTV

Dpresc in A corresponds best with D90 of HR-CTV

HR-CTV : macroscopic tumour extension at time of BT
intention to give a significant BT dose  (® point A tradition) 

IR-CTV : defined based on diagnostic tumour spread 
is to receive 60 Gy (15Gy BT)



)�*+,-
V(60Gy) [%]

Mean : 96 %

® coverage satisfactory

(''�.

A. Retrospective study

® coverage satisfactory

/�*+,-
D90   [Gy]

Mean : 76 Gy

® can we increase 
the dose? 

#%�0�

patient nr



MRI based optimisation of treatment plans
by optimising source positions and times

Optimisation Protocol

1. primary objective : 

B. Optimisation study

1. primary objective : 
dose reduction in bladder   ® D2cc  max  85 Gy

sigmoid   ® max  75 Gy
rectum    ® max  75 Gy

2. secundary objective :
increase of target dose (HR CTV)

( )



Prior to optimisation

as planned with X-rays

#%
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B. Optimisation study

!%

D2cc of the critical organ that most exceeds the dose limit 



After manual optimisation    
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B. Optimisation study
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After manual optimisation    

B. Optimisation study

!%



The average dose reduction in the critical organs 
for those patients in which the dose exceeded the 
tolerance dose prior to optimisation 

B. Optimisation study

in the bladder : !2" ± 5.8 Gy
in the sigmoid : !2" ± 4.1 Gy



D90 of HR CTV
before optimisation

#%�0�

B. Optimisation study



D90 of HR-CTV : 
after optimisation

#%�0�#%�0�

B. Optimisation study

Average dose increase in HR CTV : 32# ± 4.1 Gy
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3D MRI planning is more reliable than X-ray 

based planning and allows us to significantly 

improve the dose distribution in terms of target 

coverage and dose reduction to the organs at 

risk.


