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Early Diagnosis Local Control Less Side Effects

 Multi-modality 
imaging

 New Technology

 New Radiobiological 
data (?)

Adaptive Radiotherapy
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Personalised 

Radiotherapy

Individualised plan

Image-guided 

treatment

Plan adaptation as 

required

Personalized Radiotherapy
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Gamma Knife® surgery

Stereotactic Radiation Therapy

Image Guided Radiation Therapy

Intensity Modulated Radiation Therapy

Conformal Radiation Therapy

Conventional 
Radiation Therapy

Radiation 
dose

Target volumeSmaller Larger

Low

High

Target Volume v.s. RT Technique
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ICRU 62

Limitation of the target’s margin
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Target Definition – Sources of errors

 Setup Inaccuracy

 Internal Organ Motion

Change/ Deformation of the 
target
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Target margins
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IGRT – Current Technology
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IGRT - Imaging
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IGRT v.s. Adaptive Radiotherapy

Definition

“Image Guidance” is commonly referred to a process to 
re-position the patient without modifying the initial 
treatment plan

“Adaptive RT” involves the modification of the initial 
plan
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Can’t be corrected with couch shift

IGRT – Patient Setup Correction

Wrong patient positioning
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IGRT – Patient Setup Correction

Target Increase

Can’t be corrected with couch shift
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IGRT – Patient Setup Correction

Rapid Changes can occur early

Can’t be corrected with couch shift
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IGRT v.s. Adaptive Radiotherapy

Definition

“Image Guidance” is commonly referred to a process to 
re-position the patient without modifying the initial 
treatment plan

“Adaptive RT” involves the modification of the initial 
plan
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Adaptive Radiotherapy
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Adaptive Radiotherapy- Procedure
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IGRT/Adaptive – Organ Motion
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IGRT/ART – Organ Motion

4D Radiation

Ignore Motion

Freeze Motion

Regular Respiratory Gated RT

Controlled 
Respiratory

Hold Breath

Respirator

Follow Motion
With Motion
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IGRT/ART – Organ Motion
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IGRT/ART – Organ Motion
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Princess Margaret Hospital, Toronto, Canada

Planning CT
CBCT Fx #1
CBCT Fx #2
CBCT Fx #3

IGRT/Adaptive – 4D / Re-planning
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IGRT/Adaptive – 4D / Re-planning
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ART- Re-planning using DIR
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Hansen, IJROBP, 64, 355, 2006

ART- Re-planning using DIR
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ART- Re-planning using DIR
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Lee, IJROBP, 70, 1563, 2008

ART- Re-planning using DIR
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Adaptive Planning
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ART- Re-planning using DIR
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Online ART workflow

Considerations:

Real-time planning
Clinical workflow
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Online ART- Technology
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Biological Target Volume
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Biological Target Volume – Dose Painting



29/10/2017 Kiki Theodorou 34

Can we be that accurate?

Online target definition

Online treatment adaptation

Up-to-date treatment response information

Further reduction on target volume

Limitations of functional imaging
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Everything has a cost...
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Everything has a cost...
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Conclusions
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Conculsions

 Personalized Adaptive Radiotherapy could increase 
the Radiotherapy efficiency

Geometric and biological complexity could be 
addressed with the new systems

 Increase of complexity / small error margin
 Increase of attention and work load of the 

personnel
 Increase of time

WE ARE NOT THERE YET…
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Practical Changes

Time for imaging

Time in Planning

Auto-segmentation

Correction strategies

Efficient re-planning

Time for plan-verification (QA)

Approval process

Patient QA

R&V

Adapting intra-fractional changes
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