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Immobilization 

Vacuum immobilisation reduces tumour excursion and minimizes intrafraction error in 
a cohort study of stereotactic ablative body radiotherapy for pulmonary metastases 
(Shankar Siva et al 2014) 
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ACTIVE BREATHING CONTROL 

To reduce variability of 
respiratory movements  

during the radiotherapy treatment 

Training 

Training: results 

A significantly higher proportion of patients in the 
training group had an acceptable amplitude variance 
(Fisher test p=0.03). 
 

Poster #M4  : Breath training in lung SABR 

2 groups:  Control group: 50 patients 
 Training group: 40 patients 
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CT-Simulation 4D-CT 

CT-Simulation 4D-CT 

- Phase binning: 
10 series of images corresponding to 10 phases of respiratory cycle 

After an analysis of 
amplitude variance: 

 
We choose as suitable 
for an accurate 4D-CT 
the threshold value of 

20% (±10%) 
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Reference CT (e.g. 0%) 

ITV delineation on the 
Average CT: 

Via Deformable  
Image Registration 

(VelocityAI) 

10% 

20% 

30% 

..... 
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Margins 
Localization accuracy was quantified by the residual 
tumor misalignment measured in the second 4D-CBCT 
scan acquired for validation and expressed in terms of 
systematic (Σ), and random (σ) errors. 
 
 
 
For dose prescription at 80% instead of 95%, for a lung target(σp = 0.64): 
 

Margins 

We choose: 
3 mm isotropic (from ITV) 

We calculated: 
LL: 1.6 mm 
AP: 1.9 mm 
CC: 2.4 mm 
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AV > 0.22 

AV < 0.22 

Contouring: ‘statistic ITV’ 
 Contour of CTV on the Average CT obtained from the 4D-CT 

scan. 

 Obtain a ‘statistic ITV’ (sITV) by adding margins related to 
the location of the tumor. We based the amplitude of these 
margins on a statistical analysis of the tumor motion. Then 
we used the mean value and 2  SD to define margins for each 
lobe and for each axis: 

 
 Inferior lobe(cm):  LL: 0.11  AP: 0.43   CC: 0.65 

 Medium lobe(cm):  LL: 0.10   AP: 0.35    CC: 0.60 

 Superior lobe(cm):   LL: 0.10   AP: 0.34    CC: 0.58 

 

• Then we add 3 mm isotropic (from sITV) to obtain PTV 
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MLD eq2Gy < 17 Gy 

Planning: VMAT or 

Static fields? 

Prescription  (Isodose 

80%) based on patient 

anatomy 

MLD eq2Gy > 17 Gy 

QA 

Treatment after 

4D-CBCT IGRT 

Gamma Index (2% 2 

mm) > 90%? No 

Further 

investigation before 

treatment 

Yes 

MLD eq2Gy Ipsilateral lung  and 

other constraints (AAPM TG 101) 

Planning and 
Delivery 

Clinical routine: “risk-adapted” SBRT protocol 

• Peripheral lesions (T1a-T1b):  
 
- 45-54 Gy/ 3 fractions 
 
• Peripheral lesions, with extensive contact with  
  the chest wall, or larger tumors (T2a):  
 
- 55 Gy/ 5 fractions 
 
• Central lesions:  
 
- 60 Gy/ 8 fractions  

UNIVERSITA’ DEGLI STUDI DI TORINO 

Prescriptions 
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Step & Shoot or VMAT? 

Planning with:  
Elekta CMS  

Monaco v.3.2/3.3 
 

Grid calculation 2 mm, 
Montecarlo Variance 1.5% 

MLD eq2Gy < 17 Gy 

Planning: VMAT or 

Static fields? 

Prescription  (Isodose 

80%) based on patient 

anatomy 

MLD eq2Gy > 17 Gy 

QA 

Treatment after 

4D-CBCT IGRT 

Gamma Index (2% 2 

mm) > 90%? No 

Further 

investigation before 

treatment 

Yes 

MLD eq2Gy Ipsilateral lung  

and other constraints (AAPM 

TG 101) 

Planning and 
Delivery 
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MLD2Gy Ipsilateral Lung 

MLD2Gy Ipsilateral Lung 
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MLD eq2Gy < 17 Gy 

Planning: VMAT or 

Static fields? 

Prescription  (Isodose 

80%) based on patient 

anatomy 
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Further 
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Planning and 
Delivery 

Patient Specific pre-treatment QA: 
Delta 4 

Acceptance level: 

 1 step: 2mm/2% > 90%  

 2 step 3mm/3% > 95% 

2mm/2% 

3mm/3% 
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MLD eq2Gy < 17 Gy 
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80%) based on patient 
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Delivery 

4D –CBCT (XVI v 4.5)  
at Axesse®,Elekta  

Robotic Couch 6-D: 
Hexapod 
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4D-CBCT: correction protocol 

First, the bony 
anatomy was rigidly 
registered using a 
user-defined 3D 

rectangular-shaped 
ROI.  

We correct set-up 
of the patient. 

4D-CBCT: correction protocol 
• Second, tumor motion 

analysis was performed 
using a local rigid 
registration , based on a 
3D-shaped ROI (PTV 
expanded by 1.5 cm) 

 

• This ROI was 
automatically  registered 
(translations only) to each 
phase of a 4D-CBCT scan 
yielding the tumor 
trajectory relative to the 
planned tumor position. 

 

 
 

Rotation and translation corrected by:  

Robotic Couch 6-D: Hexapod 
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Baseline shift 
The measured tumor trajectory was averaged (time-

weighted) to quantify displacements of the mean tumor 
position. Corrections for baseline shifts were validated. 

 

 Abdominal compression was effective for reducing the 
amplitude of tumor motion. However the use of abdominal 
compression seemed to increase the interfraction 
variation in tumor position, despite reducing lung tumor 
motion. The daily tumor position deviated more 
systematically from the tumor position in the planning CT. 
Therefore, target matching is required to correct or 
minimize the interfraction variation. 

Grazie dell’attenzione 
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Correlate 4D-CT and 4D-CBCT phase binning 

Via DIR (VelocityAI) analysis 


