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IGRT provides the finest level of localization for inter-fraction 
uncertainty 

reduce the spatial uncertainty  

TARGET OAR 
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Considerations to the treatment-planning process 

Image Guided RT in SBRT 

geometric performance in terms of achievable accuracy 

replanning based on information gained     
from image guidance 

Application to spine, lung, liver and prostate SBRT 
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Without IGRT 

van Herk et al, IJROBP 47: 1121-1135, 2000 
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SBRT Without IGRT @ University of Torino 

5 mm 

10 mm GTV=CTV 
PTV Ricardi, Lung Cancer 2010 
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With IGRT….. 
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IGRT uncertainties 

• Target volume definition 

  • Inadequacy of surrogate used for IGRT 

     • Motion that cannot be corrected 

      • Too fast  

       • Too complex 
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IGRT uncertainties 

SBRT+ daily IGRT  
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1. Delineation uncertainties 

2. Intrafraction uncertainty 
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3. Base-line shift uncertainty 

Lung & Liver SBRT 
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Courtesy of M. Van Herk 
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• SPINE SBRT 

IGRT for….. 
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• LUNG SBRT 

• LIVER SBRT 

• PROSTATE SBRT 

Spine SBRT 

16 Gy / 1 fraction @ 95% isodose 
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Spine SBRT 
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Spine SBRT 

 2 mm margin from CTV to PTV 
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Lung SBRT 
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Lung SBRT 

Sonke J-J Med Phys 2005; 

Skin marks Bone set-up Soft-tissue set-up 

Lung SBRT 

UNIVERSITA’ DEGLI STUDI DI TORINO 



11 

2 Datasets For contouring ITV 

For dose calculation and 
reference IGRT image 

MIP 

AVG 

Lung SBRT – CT scanner 
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Ciclo 
respir. 

Lung SBRT – 4D CBCT 
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Ciclo 
respir. 

Lung SBRT – 4D CBCT 
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Ciclo 
respir. 

Lung SBRT – 4D CBCT 
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Lung SBRT – 4D CBCT 
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Lung SBRT – IGRT achievable accuracy 
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Lung SBRT – IGRT achievable accuracy 

@ University of Torino 

PTV = ITV + 3 mm isotropic 

3 mm 

Inter-fraction Intra-fraction 

* Reference:  Dieterich S,  Taylor D,  Chuang C,  Wong K,  Tang J,  Kilby W,  Main W.  The CyberKnife® Synchrony Respiratory Tracking System: Evaluation of 
Systematic Targeting Uncertainty.   
**Synchrony System clinical accuracy specification of 1.5 mm for moving targets. 

• Tightly contoured beams following tumor motion in real-time 

• Delivers radiation throughout the respiratory  
cycle without gating or breath-holding 

• Continuously adapts to variations in  
breathing patterns 

• Maximizes healthy tissue sparing relative  
to IMRT / IGRT 

• Proven accuracy 

– Respiratory motion targeting  
accuracy of 0.70 +/- 0.33mm*  ** 

 

Lung SBRT – cyberknife 
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Lung SBRT – cyberknife 
Fiducials, implanted prior to 

treatment 

 

Optical markers on a special 

patient vest 

Matching 
window 

Direct soft tissue tracking 

Liver SBRT 

  Tumor dose often limited by normal tissue 
tolerances: 
 
 Volume liver irradiated 
 Proximity to luminal GI organs 
 
  Strong motivation for reduced PTV 
 
  Need for advanced technologies  + IGRT 
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Liver SBRT 
 Baseline shift in Liver position 

Shift in Liver position  
relatve to vertebral 
bodies  
  

Liver SBRT 
 Baseline shift in Liver position 

Shift in Liver 
position  relatve to 
vertebral bodies  
  

Courtesy of Dr. L.Dawson 
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Liver SBRT 

Courtesy of Dr. L.Dawson 

Liver SBRT 

Courtesy of Dr. L.Dawson 
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LIVER SBRT 
Surrogates for repositioning  

For all imaging techniques, the tumor is often difficult, if not 
impossible, to visualize, leading image guidance techniques 
to rely on surrogates for positioning the liver tumor 
 

  fiducial markers 
 

  Calcifications 
 

  Surgical clips 
 

  Large vessels 
 

  Entire liver or individual lobes 

3D US imaging for liver lesions 

Clarity 3DUS system (Elekta) 

Courtesy of Maastro Clinic 



19 

Prostate SBRT 
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Real time tracking 1 

Prostate SBRT 
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Real time tracking 2 

Prostate SBRT 
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Prostate SBRT 

Courtesy of M. Van Herk 
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Courtesy of J-J Sonke 

IGRT not able to solve this problem… 

Volumetric IGRT images may be used also for determination of 
accumulated delivered dose versus planned dose: 

IGART 

Image Guided Adaptive RT 
IGART 

 necessary to register daily images with planning images 
and to deform contours and doses in order to monitor the 
actual dose delivered to the organs 

Dose Accumulation  
 

Dose 
Deformation 

Dose 
Recalculation 

It is a common practice in adaptive radiotherapy to collect Cone-
Beam Computed Tomography (CBCT) on a daily basis throughout 
the course of treatment 
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• DAILY IMAGING: 5 CBCTs 

• Treatment PLAN: 
 - IGRT/IMRT 
 - 37,5 Gy (7,5 Gy per fraction) 

•     Stereotactic radiotherapy for prostate cancer 
 
•   5 patients 
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CT PLANNING 

CBCT1 

CBCT3 

CBCT5 

CBCT4 

CBCT2 

CBCT1 

ReCalc 

Deformable Image Registration 

Dose tracking Vs Re-Optimization 

D1 

D2 

D3 

D4 

D5 
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Dose tracking Vs Re-Optimization 

CT PLANNING 

Re-Opt 

D1 

D2 

D3 

D4 

D5 DTOT 

DIR 
CBCT 3 

CBCT 5 

CBCT 4 

CBCT 2 

CBCT 1 
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Dose tracking Vs Re-Optimization 
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IGRT and ART increase the precision of radiotherapy and 
thus have the potential to increase the therapeutic 
window 

In spite of different system of IGRT there are still 
uncertainties that need to be covered by safety margins 

Daily on-line IGRT corrections recommended for SBRT 
treatments 

If the patient’s anatomy changes, IGRT images should be 
evaluated also for  Adaptive Planning 

Conclusions 
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