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NO Motion evaluation

4DRT

Dynamic Target

4DRT Technologies

Internal Marker Tracking

Dynamic MLC

Robotic Couch

Organs Motion Compensation

Daily Adaptive RT

DIBH

Deformable Registration

Dose Accumulation

3DCRT

Dynamic Target

4DCT Motion Evaluation (ITV)
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Dynamic Target

4DCT Motion Limitation

Phases beam-on 20-60%

Abdominal Compressor

MIP 4DCT Reconstruction

Deformation analysis

Dose accumulation

ü Reduce margins?

ü Improve delivery efficacy and efficiency?

ü Follow time and space evolutions?

Define Clinical Objectives and Needs for Future



ADAPTIVERT STRATEGIESANDDEFORMABLEREGISTRATION.. HOWMANYWAY?

1.DEFORMTHEPLANNEDDOSESONIMAGESBASEDON

SPECIFICDATASETSOFTHEOBJECTUSINGELASTIC

TRANSFORMS(DOSEWARPING)
2.RECALCULATEDAILYDOSESANDDEFORMTHEMONTHE

DESIREDSETOFIMAGES(DOSEACCUMULATION)
3.ADDUPTHERECALCULATEDDOSES(DOSESUMMATION)
4.DEFORMTHEDOSESONDATASETOFIMAGESAND

PROPAGATEDSTRUCTURESWITHELASTICALGORITHMS

(DOSEOVERLAPPED)

GuidiG. Metodi predittivi per ART:
effetti del movimento ŘΩƻǊƎŀƴƻΣ
degli algoritmi di registrazione
deformabile e ŘŜƭƭΩŀŎŎǳƳǳƭƻdi
dose. PhDThesisUNIBO-2016.



CO-REGISTRATIONςELASTICTRASFORMATION



HOWTOSTUDYTHEEVOLUTIONOFVOLUMESANDTREATMENTUSINGDEFORMABLEREGISTRATION? TYPESOF

MODELSANDPOSSIBLEANALYSIS

 

 

 

1. RIFERENDOSIALGIORNODI PIANIFICAZIONE1. RIFERENDOSIALGIORNODI PIANIFICAZIONE

2. RIFERENDOSIALPRIMOGIORNODI TERAPIA

1. REFERRINGTOTHEPLANNINGDAY

2. REFERRINGTOTHEFIRSTDAYOFTHERAPY

3. REFERRINGTOTHEPREVIOUSDAY



Guidi - Maffei

WARPINGMETHODSPER

DEFORMABLEREGISTRATION, IMAGE-GUIDEDRT EADAPTIVERT



Guidi - Maffei

DEFORMABLEIMAGESREGISTRATIONINLITERATURE(TOCLARIFY)



Evaluate functional data

Predictive
Analysis

Deformable
Image

Registration 
APPLICATIONS

Dose Accumulation

Autosegmentation

Mathematical Modeling

Otherapplications

Functional
Imaging

Estimate the dose delivered from 
deformable information

track target / OARs Inter / intra-fx motion

Map contoursfrom referenceto target image

support re-planning by 
decision making

Difference:5ƛŦŦŜǊŜƴǘ ǳǎŜ ƻŦ ǘƘŜ ±ŜŎǘƻǊ CƛŜƭŘǎ ΧΦ

DIFFERENCESINDEFORMABLEIMAGEREGISTRATION(USEOFIT)



éé  preliminary  data  are  consistent  with a better  tolerance  and lower  acute toxicity  of  
Tomotherapy treatment compared  with other standard treatments using LINAC (3DCRT ïIMRT ï

RCS - SBRT)  

Mesotheliom
a

H-N

Lymphoma

Pancreas

Prostate

Radiosurgery

Craniospinal

CLINICAL PRACTICE & RESEARCH AREA

Re-Irradiation

Lung

Total Lymphoid 
Irradiation

Total Body Irradiation

Lung - SBRT Bilateral Breast
Multiple 
Lesions



ADAPTIVE: HAVING A CAPACITY FOR ADAPTATION

Adaptive Strategies When How / What Time Consuming Advantages Disadvantages

External Patient Setup Daily

ÅImmobilization Device (i.e. 
Thermoplastic Mask)

ÅSurface reposition system 
(i.e. VisionRT)

Fast

ÅReproducibility

ÅRe-Adjustment

ÅMonitoring during treatment (i.e. 
VisionRT)

ÅExternal signal surrogate can not detect the 
real position of the internal organs

ÅImmobilization device could be inadequate 
after few fractions

Internal Patient Setup Daily MVCT
MVCT Resolution 
(2,4,6mm)

Images can detect the position of 
the internal organs and the good 
pre-delivery preparation of the 
patients

ÅExtra doses

ÅLow Tissue Contrast

ÅLocal or global matching can change the 
X,Y,Z shift to apply to the patient

Multimodality Imaging

(Fusion)
Daily

Not available with 
Tomotherapy SW, but possible 
off line with 3th part SW

High

PET, RMI, US, SPECT, Contrast 
Exams comparison and evaluation

Multimodality evaluation

None

MVCT vs. kVCT
ÅDaily

ÅWeekly

ÅDose Re-Calculation on MVCT

ÅSuperimpose the dose 
delivered on new kVCT 
acquired (3th part SW)

ÅLong

ÅOnly for few patients

ÅCluster/Console 
occupancy

ÅUnderstand the current delivery of 
the plan

ÅEvaluate the volume mismatch or 
over dosage

ÅWithout 4DCT, PET, RMI images integration 
and/or contrast exams could be done incorrect 
assumption (i.e. target shrinkage)

ÅOffline images evaluation could be 
unacceptable with patient delivery 
performance (e.g. incorrect Tx)

Translation & Rotation Daily Mutual information algorithm
Medium (depend on 
demand and type of Tx)

ÅFaster if there are no critical 
structures

ÅAdequate with big volume

ÅFew different algorithm to evaluate 
soft tissue and bone tissue

ÅAnatomical global matching can provide 
abnormal shift of the patients due to the large 
volume of pixel used by the algorithm (i.e. 
cord failure position)

ÅAnatomical local matching could lead to 
unexpected results on the dose distributions 
(i.e. Lung or liver dose distribution)

Re-Contouring
Daily

Weekly

All the structure

Only the PTV

Only few structures (OARs)

Very high

Adaptive evaluation

Evaluate the real volume and 
condition

ÅFor RS and SBRT misjudgments could do if 
used without considering some aspects (e.g. 
Shrinkage of the volume should be done using 
4D tools and multimodality images

Re-Planning on 
MVCT/kVCT

Daily

Weekly

ÅKvCt or MVCT

ÅWith/Without Re-Contouring

ÅWith/Without Deformations

High

ÅEvaluation of the daily delivery

ÅExcellent evaluation tools in case of 
critical cases to monitoring and 
planning the strategy and follow -up 
o the Tx

No deformable consideration

No automatic tools

Dose evaluation on MVCT density Table could 
create some misjudgments

SW/HW Compensation

Dose Accumulation
Daily

ÅMultimodality images

ÅDeformable registration

ÅDynamic Jaws/MLC

ÅRobotic Couch

Very High

ÅExcellent tools for evaluation and 
adaptive treatment

ÅNew era of RT techniques

ÅEvaluation of the motion and 
shrinkage

At the moment not available, but possible very 
soon or with 3th part SW



HOW CAN ADAPT? MULTIPLE WORKFLOW AND END-POINTS

Organ
Motion

Motion
Artifact

Patient setup
(+MVCT)

Target
Shrinkage

Organ
Change

Imaging/Multimodality
evaluations

Setup
mismatch

Immobilization device
Changed/Inadequate

Option 1



Users & Time Variable

1.kVCT

2.MVCT

3.kVCT+MVCT

4.New kVCT

a.Daily

b.Weekly

c.Cycle

d.Others

Organ
Motion

Motion
Artifact

Patient setup
(+MVCT)

Re-Contouring

Target
Shrinkage

Organ
Change

Imaging/Multimodality
evaluations

Setup
mismatch

Immobilization device
Changed/Inadequate

HOW CAN ADAPT? MULTIPLE WORKFLOW AND END-POINTS Option 2

MVCTkVCT

No Re-Contouring

Re-Contouring



Users & Time Variable

1.kVCT

2.MVCT

3.kVCT+MVCT

4.New kVCT

a.Daily

b.Weekly

c.Cycle

d.Others

Organ
Motion

Motion
Artifact

Patient setup
(+MVCT)

Target
Shrinkage

Re-Planning

Organ
Change

Imaging/Multimodality
evaluations

Setup
mismatch

Immobilization device
Changed/Inadequate

HOW CAN ADAPT? MULTIPLE WORKFLOW AND END-POINTS Option 3

Absolute Effects

Differential Effects



Users & Time Variable

1.kVCT

2.MVCT

3.kVCT+MVCT

4.New kVCT

a.Daily

b.Weekly

c.Cycle

d.Others

Organ
Motion

Motion
Artifact

Patient setup
(+MVCT)

Re-Contouring

Target
Shrinkage

Re-Planning

Organ
Change

Imaging/Multimodality
evaluations

Setup
mismatch

Immobilization device
Changed/Inadequate

HOW CAN ADAPT? MULTIPLE WORKFLOW AND END-POINTS Option 4



Users & Time Variable

1.kVCT

2.MVCT

3.kVCT+MVCT

4.New kVCT

a.Daily

b.Weekly

c.Cycle

d.Others

Organ
Motion

Motion
Artifact

SW & HW
Compensation

Patient setup
(+MVCT)

Re-Contouring

HW
compensation

Dynamic
Jaws

Couch
Compensation

Re-Planning

Target
Shrinkage

Re-Planning

Organ
Change

Imaging/Multimodality
evaluations

Setup
mismatch

Immobilization device
Changed/Inadequate

Functional & Biological
Approach

Theragnostic
Nanotechnology
DŜƴŜǘƛŎǎΣ 9ǘŎΧΦ

HOW CAN ADAPT? MULTIPLE WORKFLOW AND END-POINTS Option 5



Users & Time Variable

1.kVCT

2.MVCT

3.kVCT+MVCT

4.New kVCT

a.Daily

b.Weekly

c.Cycle

d.Others

Re Positioning
Patient setup
(+MVCT)

Dose 
Accumulation

Dose
Summation

1. Target
2. OARs
3. Target+OARs
4. Body
5. Specific Area

Dose Delivered
ωDaily
ωWeekly
ωCycle

HOW CAN ADAPT? MULTIPLE WORKFLOW AND END-POINTS Option 6



Users & Time Variable

1.kVCT

2.MVCT

3.kVCT+MVCT

4.New kVCT

a.Daily

b.Weekly

c.Cycle

d.Others

Re Positioning
Re-Contouring

Patient setup
(+MVCT)

Dose 
Accumulation

Dose
Summation

No Deformation

OARsTargets

1. Target
2. OARs
3. Target+OARs
4. Body
5. Specific Area

Dose Delivered
ωDaily
ωWeekly
ωCycle

HOW CAN ADAPT? MULTIPLE WORKFLOW AND END-POINTS Option 7



Users & Time Variable

1.kVCT

2.MVCT

3.kVCT+MVCT

4.New kVCT

a.Daily

b.Weekly

c.Cycle

d.Others

Re Positioning
Re-Contouring

Patient setup
(+MVCT)

Dose 
Accumulation

Dose
Summation

No Deformation

OARsTargets

1. Target
2. OARs
3. Target+OARs
4. Body
5. Specific Area

Dose Delivered
ωDaily
ωWeekly
ωCycle

HOW CAN ADAPT? MULTIPLE WORKFLOW AND END-POINTS Option 8



Users & Time Variable

1.kVCT

2.MVCT

3.kVCT+MVCT

4.New kVCT

a.Daily

b.Weekly

c.Cycle

d.Others

Re Positioning
Re-Contouring

Patient setup
(+MVCT)

Dose 
Accumulation

Re-Planning

Dose
Summation

No Deformation

OARsTargets

1. Target
2. OARs
3. Target+OARs
4. Body
5. Specific Area

Dose Delivered
ωDaily
ωWeekly
ωCycle

Users & Time Variable

1.kVCT

2.MVCT

3.kVCT+MVCT

4.New kVCT

a.Daily

b.Weekly

c.Cycle

d.Others

Adequate
Fractionation

Change with
New fractionation

HOW CAN ADAPT? MULTIPLE WORKFLOW AND END-POINTS Option 9



Users & Time Variable

1.kVCT

2.MVCT

3.kVCT+MVCT

4.New kVCT

a.Daily

b.Weekly

c.Cycle

d.Others

Re Positioning
Re-Contouring

Contour
Deformation

Patient setup
(+MVCT)

Dose 
Accumulation

Dose
Summation

Deformation

OARsTargets

1. Target
2. OARs
3. Target+OARs
4. Body
5. Specific Area

Dose Delivered
ωDaily
ωWeekly
ωCycle

HOW CAN ADAPT? MULTIPLE WORKFLOW AND END-POINTS Option 10

K.Ruchala ςTomotherapy Inc.



Users & Time Variable

1.kVCT

2.MVCT

3.kVCT+MVCT

4.New kVCT

a.Daily

b.Weekly

c.Cycle

d.Others

Re Positioning
Re-Contouring

Contour
Deformation

Patient setup
(+MVCT)

Dose 
Accumulation

Dose
Summation

Deformation

OARsTargets

1. Target
2. OARs
3. Target+OARs
4. Body
5. Specific Area

Dose Delivered
ωDaily
ωWeekly
ωCycle

Dose 
Deformation

HOW CAN ADAPT? MULTIPLE WORKFLOW AND END-POINTS Option 11

K.Ruchala ςTomotherapy Inc.



Users & Time Variable

1.kVCT

2.MVCT

3.kVCT+MVCT

4.New kVCT

a.Daily

b.Weekly

c.Cycle

d.Others

Re Positioning
Re-Contouring

Contour
Deformation

Patient setup
(+MVCT)

Dose 
Accumulation

Re-Planning

Dose
Summation

Deformation

No Deformation

OARsTargets

1. Target
2. OARs
3. Target+OARs
4. Body
5. Specific Area

Dose Delivered
ωDaily
ωWeekly
ωCycle

Dose 
Deformation

Users & Time Variable

1.kVCT

2.MVCT

3.kVCT+MVCT

4.New kVCT

a.Daily

b.Weekly

c.Cycle

d.Others

Adequate
Fractionation

Change with
New fractionation

HOW CAN ADAPT? MULTIPLE WORKFLOW AND END-POINTS Option 12



HOW CAN ADAPT? MULTIPLE WORKFLOW AND END-POINTS

a.Daily

b.Weekly

c.Cycle

d.Others

1.kVCT

2.MVCT

3.kVCT+MVCT

4.New kVCT

Users & Time Variable

a.Daily

b.Weekly

c.Cycle

d.Others

1.kVCT

2.MVCT

3.kVCT+MVCT

4.New kVCT

Users & Time Variable

Organ
Motion

Re Positioning
Re-Contouring

Contour
Deformation

Motion
Artifact

SW & HW
Compensation

Patient setup
(+MVCT)

Dose 
Accumulation

Re-Contouring

HW
compensation

Dynamic
Jaws

Couch
Compensation

Re-Planning

Re-Planning

Dose
Summation

Deformation

No Deformation

Adequate
Fractionation

Change with
New fractionation

OARsTargets

1. Target
2. OARs
3. Target+OARs
4. Body
5. Specific Area

Dose Delivered
ωDaily
ωWeekly
ωCycle

Dose 
Deformation

Target
Shrinkage

Biological Approach

Re-Planning

Organ
Change

Imaging/Multimodality
evaluations

Setup
mismatch

Immobilization device
Changed/Inadequate

a.Daily

b.Weekly

c.Cycle

d.Others

1.kVCT

2.MVCT

3.kVCT+MVCT

4.New kVCT

Users & Time Variable
Functional & Biological
Approach

Theragnostic
Nanotechnology
DŜƴŜǘƛŎǎΣ 9ǘŎΧΦ



RE-IRRADIATION: HEAD & NECK
(Standard: 54 Gy / 27 Fx    - Hyper -fractionation: 54Gy / 36Fx) 

Not RCS but 
interesting with 
Tomotherapy



Healthy Right Lung: 
20 Gy to 10 %

BTVPTV

Right 
Bronchus

SECONDARY LUNG CANCER RELAPSED AFTER RFA
MULTIMODALITY IMAGE FUSION   (SIB:   BTV  55 Gy / 5 Fx   - PTV 40 Gy / 5 Fx )
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PAEDIATRIC TREATMENT: 14GY: 7GY/FX

Dosimetric results for paediatric patients using Tomotherapyé 

é. with SBRT using LINAC was a problem due the anesthesia and body frame

Lung

Cord



SBRT MULTIPLE LESIONS (48GY / 4 FX)

Rib

Lung

Cord



LUNG OTHER CASES (NO SBRT)

Not SBRT but 
interesting with 
Tomotherapy



LUNG OTHER CASES (NO SBRT)

Not SBRT but 
interesting with 
Tomotherapy



SPINAL SARCOMA
(PTV 70 Gy / 35 FX)

VERTEBRA
(PTV 30Gy)

BODY RADIATION THERAPY
PALLIATIVE CASES

Not SBRT but 
interesting with 
Tomotherapy



SPINAL METAL PROSTHESIS
(Using MVCT)

H&N
(PTV1:70Gy PTV2:64 Gy PTV3:54 Gy / 33 Fx 

)

Cases where Adaptive 
RT could be a need



ABDOMINAL TREATMENT
(PTV  22,5 GY / 15 FX )

Kidney R.

Liver

Cord

Kidney L.

Not SBRT but 
interesting with 
Tomotherapy


