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SBRT: management of 
respiratory motion 
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2007 

Influence of organ motion 



Influence of organ motion in thorax 

Sonke  IJROBP 2008 

≈mm 

1-3 cm 

Esophagus Motion 

7 mm LL 
 6 mm AP 

 
9 m LL 
 8 mm AP 

5 mm LL, AP 

Inspiration 
Expiration 

Dieleman et al. IJROBP 2007 

 Korreman BJR 2015 



SBRT efficiency 

IMAGING BEAM-ON TIME Past 

IMAGING 
BEAM-ON 

TIME 
Now 

IMAGING 
BEAM-ON 

TIME 

Future 
BEAM-ON 

TIME 

IMAGING 

Slotman, ESTRO 2011 



Rationale for motion management 

Highly conformal 
radiation techniques 
(SBRT): 

 high precision 

 risk for 
geographical miss 

 

Control for: 

• Patient set-up 
errors 

• Organ motion 

• Patient movement 
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4D SBRT 

2005-2010 

4D CT for 

Target definition 

2011-2013 

CBCT as IGRT 
2012-now 

4D CBCT 

Target tracking 

MLC online 



Setup Margin (SM) 

Margini di posizionamento 

Internal Target Volume (ITV) 

Movimento del tumore 

Clinical Target Volume (CTV) 

Espansione per la micromalattia 

Gross Tumor Volume (GTV) 

Biological Target Volume (BTV) 

Target definition expansion 



4D-CT 

(x,y,z,time) 



2010 

2011 

2008 

2009 

4D-CT for target definition 



Philips 

GE Healthcare Siemens 

How to evaluate the breathing motion 



4D-TC 

images  

(Cine) 

 

Scanning position        I 

time 

Phases 

4D-TC  

Phase 6 Phase 1 

Breathing curve 

II III 

4D CT reconstruction 



Rietzel et al, Med. Phys., 2005 

4D CT reconstruction 



# rotaz.              I                    II                  III                 IV           (…) 

            I          II                 III                  IV               V                 VI 

4D CT reconstruction 

Mancosu Med Phys 2012 



4D TC - CONTORNAMENTO 



R                                                   L 

Free breathing CT 



4D CT - lung 



Gating 



4D SBRT 

2005-2010 

4D CT for 

Target definition 

2011-2013 

CBCT as IGRT 
2012-now 

4D CBCT 

Target tracking 

MLC online 



 Tools for verifying patient position and adapting treatment 

plans. Monotoring during beam on time 

Reduction of PTV 

margins 

Reduction of 

irradiated volume Image of Dirk Varellen 

Image Guided RT 

Offline Online 



Image Guided RadioTherapy 



Online IGRT 



IGRT: how much? 

Daily based imaging 

Weekly based imaging 

2016 



Times are changing fast 



Humanitas experience 

3DCRT:  

Simulation: FB CT 

IGRT: MV 2D-2D daily 

Delivery: 6MV 

 

VMAT RA:  

simulation :4DCT 

IGRT: kV-CBCT daily  

Delivery: 10FFF 

2013 



4D SBRT 

2005-2010 

4D CT for 

Target definition 

2011-2013 

CBCT as IGRT 
2012-now 

4D CBCT 

Target tracking 

(LINAC-MRI) 



Different techniques 

    TRACKING 

GATING 

BREATH-HOLD 



Real-time Tracking of tumor 

Calypso® 

Clarity® 



Online Fluoroscopy 



Gating acquisition system 

• Stereo View Video camera attached to room ceiling above 
couch 
– Track respiratory motion by measuring position of reflective markers 

Reflective 

Markers 

Camera Laser 

Projected on the 

Marker Block 

Room Lasers 

• Based on breathing pattern gates beam and imaging 

– Amplitude Based Gating 

– Phase Based Gating 

– Breath Hold 

– Patient Visual and Audio Couching 

• Synchronised imaging 2D and fluoro during Delivery at given 

gate phases 



Gating and 2D imaging 



No gating 

Gating 

72 interruptions 

10FFF  

10Gy 

2400MU/min  

1 arc 

Gating during delivery: gamma evaluation 



2013 

Static IMRT 

Bortfeld PMB 2002 

Interplay effect 



NSCLC Stage I; prescription: 20Gy x 3 days 

2465+2682 MU, Total BOT: 320s 

Treatment phase: 50%-75% 

Gating and SBRT 

End expiration: 

Beam on 

End inspiration: 

Beam off 

Complete response after 2 months 



4D CBCT 



• Analyze tumor motion 

• Verify tumor size 

4D CBCT 



MLC tracking 

2014 



Calypso 

Mixed RadioFrequency/InfraRed localization/tracking 

system Transponder based 



Calypso Real Time Tracking 

Beacon for  

Prostate SABR 

Electrical 

Components 

Anchor 

Legs 

2 

mm 

5 

mm 

1
4
 m

m
 

8
.5

 m
m

 

Anchored Beacon® for Lung SABR  

Soft Tissue  

Beacon 

Surface  

Beacon 



Calypso 

Mixed RadioFrequency/InfraRed localization/tracking 

system Transponder based 



Calypso: Lung case with MLC tracking 

2017 

EXHALE INHALE 

Beacons 

http://www.sciencedirect.com/science/article/pii/S016781401634289X
http://www.sciencedirect.com/science/article/pii/S016781401634289X


Calypso: Lung case with MLC tracking 

2017 
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SBRT vs conventional fractionation 

2017 

Standard (35 fractions):  

Tot: 70Gy 

SBRT (3 fractions) 
Tot: 45Gy (perifery) 66Gy (center) 



SBRT vs conventional fractionation 

2019 
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Target uncertaities in Radiotherapy 



Question of motion 

CBCT pre 

CBCT post 



CBCT pre 

CBCT post 

Prostate Intra-Motion 



Difficult case@Humanitas 

35 Gy 

7 Gy x 5 fr 

RA,10FFF 

BoT:108s 

All objectives ok 



Prostate with Calypso 

Simulation CT CBCT 1 

Beacon Beacon 



Calypso: Patient Data 



Calypso: Patient tracking 



Prostate with Calypso (after 1 min) 



Calypso: Patient tracking 



Difficult case@Humanitas 

35 Gy 

7 Gy x 5 fr 

RA,10FFF 

BoT:108s 

All objectives ok 

 

PSA  - prostate specific antigen 

10.5 ng/ml  April 2014 

1.4 ng/ml  Jan 2015 

1.2 ng/ml  Jan 2017 

 



Non-Difficult case@Humanitas 

38 Gy 

9.5 Gy x 4 fr 

RA,10FFF 

BoT:108s 

All objectives ok 

 



Calypso: Patient tracking 

A
-P

 
L

-R
 

C
-C

 

CBCT 

Simulation CT 

CBCT 



Calypso: Patient tracking 

A
-P

 
L

-R
 

C
-C

 

CBCT CBCT 





Eccles et al, Int J Rad Onc Biol Phys 2010 

How to limit the motion 



2008 

Abdominal compression: Liver 



Take home messages 

• Lung (but not only) have motion induced by 

breathing 

• Many technologies are available for monitoring: 

           Before/During treatment 

• Imaging 

• Imaging 

• Imaging 

• Imaging 



pietro.mancosu@humanitas.it 

Monte Rosa, 4664 m - Italy 

Questions? 


