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Radiotherapy demands optimized plansRadiotherapy demands optimized plans

 PatientPatient--specific specific 
treatment plan treatment plan 

 Dose to target and Dose to target and 
organsorgans--at risk at risk 
quantified quantified 

Very carefully planned, Very carefully planned, 
but is this what we but is this what we 
deliver?deliver?

Planned Dose

Delivered Dose



Clinical benefit of Image guidanceClinical benefit of Image guidance



Clinical benefit of Image guidanceClinical benefit of Image guidance



Daily image guidance improves outcomes versus Daily image guidance improves outcomes versus 
weekly IGRTweekly IGRT



Tumour motionTumour motion

Kidney

Lung

PancreasLiver



Other Intrafraction motionOther Intrafraction motion

Task group  76 recommends to use  motion management 
techniques for motion >5 mm 



Imaging is the key to better radiotherapyImaging is the key to better radiotherapy

 ConeCone--beam CT is used for beam CT is used for 
patient setup, primarily based on patient setup, primarily based on 
bony anatomy bony anatomy 

 Truly optimized treatments Truly optimized treatments 
should use: should use: 
SoftSoft--tissue based patient     tissue based patient     
positioning   positioning   

Adaptive radiotherapy Adaptive radiotherapy 
Dose accumulationDose accumulation

Need highNeed high--quality CBCT images!quality CBCT images!



Near Realtime Image guidanceNear Realtime Image guidance

 3D CBCT 3D CBCT 
 4D CBCT4D CBCT
 MRIMRI
 FluorocopyFluorocopy
 Infrared imagingInfrared imaging
 Surface imagingSurface imaging



CBCT reconstruction basicsCBCT reconstruction basics

PrePre--processing steps processing steps 
• Scatter correction, normalization, • Scatter correction, normalization, 

beam hardening (spectral) correctionbeam hardening (spectral) correction

Analytic reconstruction
• Filtered back-projection 
• Exact solution for noiseless, 

central axial slice 
• Noise creates streaks,                         
incomplete data causes    

cone-beam artifacts
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Acuros Acuros –– To correct scatter in To correct scatter in 
KVCBCTKVCBCT

Acuros – may be extended to RTCBCT to account 
MV beam scatter 



CBCTCBCT
Average image
Shows ITV
Location information

Low soft tissue contrast
All sorts of  artifacts : scatter 
motion noise



Do not use FB CT as Reference CTDo not use FB CT as Reference CT

Amoush et al JACMP 2015



Dual Energy CBCTDual Energy CBCT

 Improved soft tissue contrastImproved soft tissue contrast
 Reduction of high Z artifactReduction of high Z artifact
 Improved patient positioning based on soft Improved patient positioning based on soft 

tissue information rather than bonetissue information rather than bone
 Improved deformable registration due to Improved deformable registration due to 

improved soft tissue contrastimproved soft tissue contrast

CT                             CBCT                     CBCT (P)               DE CBCT



4D CBCT4D CBCT



4D CBCT4D CBCT

Location & motion  information

Not easily reproducible

In 4DCBCT, projection images are sorted to 
different groups according to the breathing phases.

The number of  projections at each phase is 
considerably smaller than 3D-CBCT from full 
projection dataset

Severe view aliasing artifacts will be  present in the 
4D-CBCT when it is reconstructed by analytical 
Feldkamp- Davis – Kress ( FDK) algorithm



FluoroscopyFluoroscopy
Ionizing radiation

30 fps

Marker-based 
–2mm gold marker



Triggered KV ImagingTriggered KV Imaging



Segmentation Segmentation –– A big time sinkA big time sink



Indirect Tumour monitoringIndirect Tumour monitoring

 External/Internal surrogates External/Internal surrogates –– assumes perfect assumes perfect 
surrogate /Tumour motion correlation surrogate /Tumour motion correlation 

ABC SystemABC System



AnzaiAnzai beltbelt



Philips bellows Pneumatic systemPhilips bellows Pneumatic system



Varian RPM Infrared ImagingVarian RPM Infrared Imaging

Image external fiducials  ( Infrared reflectors)

Never used as standalone modality always used in conjunction 
with other modalities  ( Internal  anatomy)



Surface guided RTSurface guided RT



Hokkaido systemHokkaido system

–Real-time fluoro imaging of  gold 
markers with gating

–Markers inserted into/near the tumour 
in 10 patients

–No complications or local relapses 
within a 6 month follow-up

–“A real-time tumour-tracking system can 
improve the accuracy of  radiotherapy and reduce 
the volume of  normal tissue irradiated”

–2014 applied technology to proton 
therapy



BrainlabBrainlab Exact Exact tractrac



Brainlab Exact trac Brainlab Exact trac 



MarkerlessMarkerless Tracking Clinical Implementation: Tracking Clinical Implementation: 
CyberKnifeCyberKnife XsightXsight LungLung



Synchrony Respiratory Tracking SystemSynchrony Respiratory Tracking System

•SynchronyTMvest & camera –external surrogate

•Synchronization with internal surrogate by means 
of  x-ray 

–Periodically updates the internal (fiducial)      
/external correlation model



Direct Tumour imagingDirect Tumour imaging



Surrogate imagingSurrogate imaging



Diaphragm as surrogateDiaphragm as surrogate



Fiducials as surrogateFiducials as surrogate



Effect of tumour marker distanceEffect of tumour marker distance



Near Realtime ImagingNear Realtime Imaging
4D 
CBCT

CBCT

Fluoroscopy



Tumour motion varies day by dayTumour motion varies day by day



Why Real time imaging verification? Why Real time imaging verification? 



Why Real time imaging verification? Why Real time imaging verification? 

 Patient Intra fraction motion Patient Intra fraction motion –– body motion , body motion , 
Breathing change.Breathing change.

 Uncertainties in localizing moving targets such a Uncertainties in localizing moving targets such a 
Lung & Liver tumours.Lung & Liver tumours.

 Critical for Hypofractionated treatmentsCritical for Hypofractionated treatments
-- Tight PTV marginsTight PTV margins
-- Long Treatment Time Long Treatment Time 
-- High Fractional dose High Fractional dose 



Potentials for Real time ImagingPotentials for Real time Imaging

 Reduce treatment errors & PTV MarginReduce treatment errors & PTV Margin

-- Pre treatment Imaging verificationPre treatment Imaging verification

-- During treatment imaging verificationDuring treatment imaging verification

-- Gated treatmentsGated treatments

-- Target TrackingTarget Tracking



Technology for real time imagingTechnology for real time imaging



RealReal--time image guidance in time image guidance in 
coventional Linear acceleratorcoventional Linear accelerator



Practical Challenges in SBRTPractical Challenges in SBRT
PracticalPractical ChallengeChallenge :: TumorTumor movementmovement duringduring respirationrespiration andand alsoalso

moremore importantlyimportantly aa methodmethod toto verifyverify tumourtumour motionmotion duringduring
deliverydelivery ofof lung/liverlung/liver SBRTSBRT

ProposedProposed SolutionSolution :: MDIBHMDIBH lunglung SBRTSBRT isis oneone ofof thethe novelnovel
emergingemerging techniquetechnique toto freezefreeze thethe tumortumor movementmovement duringduring deliverydelivery
ofof thethe modulatedmodulated beamsbeams..

ProposedProposed HypothesisHypothesis ::WithWith availabilityavailability ofof HDRHDR FFFFFF beamsbeams
combinedcombined withwith thethe capabilitycapability ofof RTCBCTRTCBCT –– MDIBHMDIBH LungLung SBRTSBRT
isis veryvery muchmuch possiblepossible withoutwithout compromisingcompromising thethe qualityquality ofof
treatmenttreatment..



Need for RTCBCT during Need for RTCBCT during 
RapidArc deliveryRapidArc delivery

 The combination of VMAT technique using high dose rate The combination of VMAT technique using high dose rate 
FFF beams along with the computer controlled deep FFF beams along with the computer controlled deep 
inspiration breath hold technique provides opportunity to inspiration breath hold technique provides opportunity to 
further reduce treatment margins in lung SBRT over free further reduce treatment margins in lung SBRT over free 
breathing (FB) approaches .breathing (FB) approaches .

 The aim of this study was to investigate the potential The aim of this study was to investigate the potential 
benefits of VMAT based DIBH SBRT over FB SBRT. This benefits of VMAT based DIBH SBRT over FB SBRT. This 
was performed by conducting a dosimetric comparison of was performed by conducting a dosimetric comparison of 
VMAT technique with IMRT technique using both DIBH VMAT technique with IMRT technique using both DIBH 
& FB approaches.& FB approaches.



PTV Volume       :
Lt Lung Volume : 4DCT Free Breathing
PTV Volume        : 98.73 cc
Lt. Lung Volume : 1393 cc

FFF  beam combined with RA for  FB lung SBRT



DIBH
PTV Volume        :  71.64 cc
Lt Lung Volume  :   1930 cc

FFF  beam combined with RA for  DIBH lung SBRT



DVH  comparison of RA ( FB )& RA (BH)DVH  comparison of RA ( FB )& RA (BH)

RAFB RA BH

RA FB
RA BH

RA FB

RA BH

RA FB

RA BH
Lung

PTV

Ribs

Heart



RealReal--time CBCT acquisition time CBCT acquisition 
(RTCBCT)(RTCBCT)

 InIn--house methodology was developed to capture realhouse methodology was developed to capture real--time CBCT during time CBCT during 
VMAT deliveryVMAT delivery

 As RTCBCT acquisition during VMAT delivery contain high energy MV As RTCBCT acquisition during VMAT delivery contain high energy MV 
beam scatter components reaching kV detector during acquisition, beam beam scatter components reaching kV detector during acquisition, beam 
hardening calibration (reduce the cupping artifacts due to polychromatic xhardening calibration (reduce the cupping artifacts due to polychromatic x--ray ray 
beam), normalization scan calibration (takes into account for radiation scatter beam), normalization scan calibration (takes into account for radiation scatter 
& beam hardening) and Hounsfield unit calibration needs recalibration in the & beam hardening) and Hounsfield unit calibration needs recalibration in the 
presence of MV scatter.presence of MV scatter.

 In order to simulate MV scatter from VMAT delivery, a 1cm sweeping MLC In order to simulate MV scatter from VMAT delivery, a 1cm sweeping MLC 
VMAT single arc plan was created for 3 different field sizes VMAT single arc plan was created for 3 different field sizes vizviz 5x5, 10x10 5x5, 10x10 
and 20x20 cmand 20x20 cm22..



Real time CBCT during Real time CBCT during RapidArcRapidArc



Discussion Discussion –– RTCBCT during VMAT deliveryRTCBCT during VMAT delivery



Discussion Discussion –– RTCBCT during VMAT deliveryRTCBCT during VMAT delivery



RTCBCT RTCBCT –– Pelvic bone visualizationPelvic bone visualization



RTCBCT during lung MDIBH RTCBCT during lung MDIBH 
SBRT DeliverySBRT Delivery



Dynamic MRIDynamic MRI



Direct Imaging Direct Imaging MRLinacMRLinac



Direct Imaging Direct Imaging MRLinacMRLinac

Elekta MRLinac

Viewray MRLinac



MR Cine AcquisitionMR Cine Acquisition

2 D  Pulse sequences usually on 
coronal and sagital images
Hz frequency
Can be used in real time for gating

Best information of  soft tissue –
Thorax & Abdomen motion
No extra imaging dose
Pre as well as  during treatment



With realWith real--time internal anatomy targeting time internal anatomy targeting 
planned dose is closer to delivered dose planned dose is closer to delivered dose 



Future of Realtime adaptationFuture of Realtime adaptation



Thank YouThank You


