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Learning objectives

Basics of IGRT: Definition, goal, rationale, limii@n
Historical perspective of IGRT

Modern IGRT technologies

IGRT management for geometric uncertainties
Correction strategies for patient positioning IrRIG
Image registration in IGRT

Imaging dose considerations in IGRT

Summary and conclusion




Image Guided Radiotherapy




Basics of IGRT

What is image guided radiotherapy?

It is a process of frequent imaging in the treatment room duri
a course of radiotherapy that allows treatment decisions mad
on the basis of imaging

Goal

To manage the inter and intra fraction variation in shapes,
volumes of target and patient positions and, organ motion to
Improve the geometric accuracy in dose delivery




Rationale of Image Guidance

To account for geometric variation of
- Target(s)

- Organs-at-risk

- Patient

To address dosimetric variability
- Inter-fraction
- Intra-fraction

To ensure that anticipated benefits from 3DCRT & IMRT are
realized




Terminology

Error: difference between planned and measuredtatidie value during
treatment, however small

Uncertainty: unpredictable errors occur quantifigdstandard deviations

Variation: predictable or periodic errors occur igifeed by amplitude or
standard deviations

Systematic error: average difference between pthand executed
treatment

Patient group errors
Inter-patient errors

Random error: uncertainty and variation in differefetween planned and
executed treatment

Inter-fraction errors
Intra-fraction errors




Need for image guidance in RT?

Interfraction and Intrafraction setup error and organ motion
are key parameters in determining the geometric accuracy

In moving targets, large target motions due to the inherent
movement within the patient such as physiologic or
respiratory motion

The magnitude of target motion is variable and unpredictable

Necessitates higher degree of accuracy and precision in target
localization and repositioning in-room verification during the
course of treatment

Geometric error translates to dosimetric errors, resulting in
deviation in planned dose vs. delivered dose




Role of Imaging RT

Target and critical structure delineation
Multimodality imaging ( CT, PET, SPECT, MRI, MRSI, US)

Treatment planning

Anatomy — based planning (CT and MRI)
Biology — based planning (PET, SPECT and MRS imaging
Ime-resolved CT (4D CT)

Treatment delivery
Radiographs, US, CT, CBCT, MRI

Treatment evaluUation

Evaluate patient’s setup and dose distributions

Follow —up and assessment of treatment outcome




Potential and limitation of IGRT

Advantage
Improves the accuracy in the radiation field plaeam

Determine the optimal margin to reduce the dogkeésurrounding normal
tissue

Allows tumor dose escalation, thereby increasimglitumor control and
survival

Disadvantage
Imaging dose to Patient

Redefining workload

Resources/Infrastructure




Clinical Indication for IGRT

Tumors adjacent to critical structures
Tumors prone to inter fractional motion

Tumors prone to intra fractional motion

Tumors prone to deformation

IMRT, SRS/SRT/SBRT
Hypofractionation scheme

Clinical sites: Thorax, Abdomen and Pelvis
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|IGRT classification
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Historical perspective of IGRT




Evolution of Imaging for treatment verificatic

1980’s - port films

1990’s - emergence of MV portal imagers, in-room ultrasound
localization, marker-based localization & Fluoroscopic tracki

2000’s - Flat panel imaging, KV digital imaging, CBCT, MV
CBCT and CT “on rails”

Emerging - Electromagnetic localization and tracking
In-room MRI




Historical IGRT technologies
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1958- Holloway et.al reported portable x-ray machinenounted on the
counter weight to TheratronCo-60 machine
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The Stanford Medical Linear Accelerator IGRT

1958-Weissbluth et. al introduced the concept abmm imaging with
Integrated diagnostic x-ray unit in the linac he&tanford Linear accelerator




Cobalt-IGRT

Co-60 head
unit

- - OkV diagnostic

Image intensifier : s X-ray unit
coupled with i :

vedicon camera

Counter weight

o lon chamber for
groe i ; exit dosimetry

1960- Lokkerbol et al designed Cobalt based IGRT stam: The base part of the construction is a
sturdy ring (460mm) partly sunk in the floor enabling rotation of 540 degrees
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Linac with IGRT

1985- Biggs et.al re-initiated the diagnostic (X-ra unit) quality portals for MV accelerators head

Diagnostic beam pass through the isocenter of thesatment beam center




Current IGRT Technologies




Current IGRT technologies

Ultrasound

BAT
SonArray
|-Beam
Restitu

Video-Based

Video Subtraction
Photogrammetry
AlignRT
Real-Time Video

Planar: X-Ray

EPID
CyberKnife
N[O\VETS
RTRT

Gantry-Mounted
Prototype

Tohoku.

IRIS Commercial
Varian OB
Elekta Synergy

Volumetric

In-Room CT
FOCAL, MSKCC
CT-on-Rails
Primation

Varian ExaCT
Tomotherapy

MV Cone Beam CT
Siemens

kV Cone Beam CT
Mobile C-arm
Varain OB

Elekta Synergy
Siemens In-Line




Planar image guidance systems

2D MV imaqing: EPID

Camera-based, Matrix liquid ionization
chambers & a:Si Active matrix flat panel

To align the patient position relative to the
radiation beams/isocenter

To verify the shape of the treatment portals

Advantage:

Direct in-field verification of treatment

Disadvantages:

MV imaging imaging dose (1 to 5 cGy)

Poor image quality




Pros

cons



2D KV x-ray imaging:. Orboard imagers

Advantage

Disadvantage




Advantage

Disadvantage
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X-ray tubes
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In-room kV-X-ray imaging : Hakkaido system

Real-time tumor tracking system

Advantage:

Disadvantages:




Siemens Primatom

Varian ExaCT



Tomotherapy : Helical MVCT

Advantage

Disadvantage




Conventional CT Cone-beam CT




Megavoltage cone-beam CT (MVBCT)

Advantages:

Disadvantaqge:




kV-CB CT : Onrboard imager

Advantages

Disadvantages






Non-Radiographic techniques: Ultrasound

Advantages

Disadvantages




Electromagnetic Field Tracking: Calypso sys

source coils & sensor coils

Advantage:




MRI based Real-time Volumetric Tracking

MRI



Adaptive Radiotherapy

ART Key component of ART

Temporal variations



Level Il
Level | _ _ .
Observation prior to each fraction

Observation prior to treatment

Adaptation of treatment parameters
In each fraction

- : Level Il
Prediction of margins

Observation prior to and during each fraction

Dynamic adaptation of treatment
parameters



Image Plan Treat
Patient patient patient
Image Plan Image Treat
patient Patient patient patient
Plan
patient

Image Plan Image Plan Treat
patient patient Patient patient patient




Stereotactic Body Radiotherapy (SBRT)

“Stereotactic Body Radiotherapy (SBRT)”






Goal : Reduction of Set-up marg



Geometric uncertainties in Target definition

Accurate definition of target volume



Geometric uncertainties In patient set-up

Systematic errors |

Random errors ()




ICRU-62 Guidelines on Margins

Setup margin (SM)

Internal margin (IM)




Computing PTV margins

O




OAR Margin






Corrections strategies: @me vs Off-line

On-line correction

off-line correction






Image Registration in IGRT

Image Registration

—p

Applications in radiotherapy Image Fusion



Automatic matching: Registration methods



Treatment Time for IGRT



Patient dose due to IGRT






Take-home messages



IGRT for management of Inter and intra- fraction geometric
uncertainities

Interfractional Intrafractional



Getting the patient set up correctly

In order of effectiveness In order of safety



Errors and Margin



Summary and Conclusion

IGRT Is a new technology and its clinical benefits yet to be proved



Emerging
technologies



