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Overview

O

e Specialist equipment

e Immobilisation for SRS and fSRT
e Localising the GTV

e Treatment planning

e Image guidance
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Specialist Equipment
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Dedicated Equipment

Cyberknife™ (Accuray)

O Long treatment times
o Not flexible
o Marginal gains for Cyberknife

o Modern linacs have caught up!

@ 1 Gamma Kn_ife_‘lconT'V' (Elekta)
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Specialist Stereotactic Linear Accelerators

@,

Novalis Tx™ (Valr'fian Medicalestems / BrainLab)
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Specialist Stereotactic Linear Accelerators

O

o Standard features:

o Integrated image-guidance

O Non-cop

© 6DoFcc But, the line between

o Monito SNT

- Integrat specialist and modern non-
specialist linacs has
significantly blurred
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Immobilisation for SRS & fSRT
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“Stereotactic

O

e Historically refers to use
of a 3D, external co-
ordinate system for
precise geometric
localisation of a target

» External co-ordinate
systems used for SRS of
functional disorders prior
to the inventionof CT/ Image cortesy of Elekta
MRI
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“Stereotactic”

O

e With rapid advances in IGRT, the need for external

frame of reference is diminishing

e Contemporary meaning: treatment requiring high

geometric precision

+_Stereotactic Radiosurgery?
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Frame-Based SRS

O

e Historical gold standard — reliable immobilisation and
target localisation

— - .

e Prior to kV / CBCT imaging on linacs

e Significant disadvantages
o Patient discomfort
o Risk of injury
o Logistical difficulties
o Possibility of frame slipping
o Not suitable for fractionated treatments




Re-locatable Frames

e e.g. Gill-Thomas-Cosman

frame (1992):

o Non-invasive

O Repositionableto <1 mm

o Introduced possibility to
fractionate — Stereotactic
Radiotherapy (fSRT)
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Specialist Stereotactic Mask Systems

Encompass
by Q-Fix

* ~50% more rigid than standard thermoplastic
e * biteplate to minimise rotation (useful if no 6 DoF)
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O

Localisation

(defining the tumour position relative to the external
co-ordinate system)




Localisation of the GTV

O

over the frame / mask

e Patient is CT scanned with localiser box

» Radio-opague fiducial wires are used to
define the external co-ordinate system

Localisation using
the fiducial rods in
the specialist TPS
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Localisation of the GTV

O

 Target positioners (“TAPOS”) printed
using a calibrated printer and
carefully taped to a second localiser
box

e TAPQOS are used to align isocentre to
the lasers and check beam’s eye views

e The localiser box is removed before
IGRT and treatment




Localisation of the GTV

 Alternatives to TAPOS e.g. Brainlab
T mask with ExacTrac and iPlan

e Second localiser box replaced by
Infra-red array

e Uses infra-red pre-positioning

» Followed by IGRT to confirm
position
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Localisation of the GTV

Ahschite Plan: + 04r
| [Fnsa the image sets and visually inspect the fusion for correctnass. Long. Angle [ 000.0° lﬁ._jlﬂh | - 000.0°| c‘:‘fh_enﬂe ! +000.0°

i ..
e Can also use a 3" party planning system (no localisation)

 Localise in the ExacTrac software, infra-red pre-positioning

 Followed by orthogonal kV imaging to confirm position
(B)IAEA .
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Planning SRS and fSRT Treatments
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PTV Margin

O

e Common to treat with 0-1 mm PTV margin
(especially SRS)

» PTV margins often derived (at least initially) from
published experience of other centres. This should
not replace:

o Local QA protocols, including thorough end-to-end testing
o Consideration of issues such as multi-modality localisation
O Pre-treatment imaging

o Evaluating intra-fraction motion

o Peer review of CTV outlines!
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Characteristics of an SRS / fSRT Plan

Different Types of Brain Radiation

High Dosa

Low Dosea

SREENGE L) Traditional Sterectactic
Radiosurgery

www.brainlab.org

 Highly conformal prescription isodose

* Inhomogeneous PTV dose — hotspots

» Typically prescribe to ~ 80% isodose (linac-based)
o Steep dose gradients at edge of PTV
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http://www.brainlab.org

SRS Planning

O

 Similar principles to SABR lung, except:

O Potentially smaller targets (for single fraction £ 3cm)
o 1 mm dose grid appropriate
o Algorithm type not necessarily as critical
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Why Prescribe to 80%7?

e At 80%, we arein a
steep part of the
——10mm penumbra

 Allows for steep dose
gradient outside PTV

e Hotspots in PTV
acceptable (ablative

- = treatment, less normal

8 ©6 4 2 0 2 4 & 8 tissue in PTV)

o Increases requirement
for geometric accuracy




Pencil Beam
Dizplay: 2.0mm

800 %
1250 Gy

CT # (Axial)
Axial View

Pencil Beam
Dizplay: 2.0mm
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12.50 Gy

Overview
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Slices
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Irradiation Plan

Plan Content

CT #1 (Axial)
Coronal View

Pencil Beam
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Group: Group1
Hame: LSUP

Hame: LSUP Model
Monitor Units: 265 (1% 265) Axial Oblique View
Gantrye
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Transport in
medium
Dose to medium

Transport in
mediurm
Dose to medium
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TrtSRS_HGBM - Completed - Frontal - HGBM_9002 @

TrtSR5_ HGBM - Completed - Sagittal - HGBM_9002

Transport in Transport in
medium

medium
Dose to medium Dose to medium

A comparison of SRS plan quality when using VMAT vs non-coplanar static conformal fields.

R. Brass', L. Howard?, M. Gilmore.
The Clatterbridge Cancer Centre, Physics, Bebington, United Kingdom.

Purpose or Objective

To produce a VMAT multi-arc solution in Eclipse for SR § patients with at least equivalent plan quality to previously used static conformal field (SCF) technique. To establish a plan quality tool based on acceptable plan
quality metrics for SRS patients.

e ESTRO 2017. Improvement in Paddick C.I. for VMAT (mean 0.81)
compared with SCF (mean 0.64)

o Paddick G.I. not useful, especially for small volumes
e NTOF reduced to ~ 0 for VMAT
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TrtSRS_HGBM - Completed - Transversal - HGBM_9002 IE‘ TrtSRS_HGBM - Completed - BEV - SAD 100 cm - Arc_0 - 1/98 - 170.00 [deg] - HGBM_S002

Transport in
medium
Dose to medium
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Fields
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TrtSRS_ HGEM - Completed - Dose Velume Histogram

Dosa Prescription | L1 Field Alignments | L] plan Objectives | [1 optimization Objectives | Dose Statistics | caleulation Models | Plan Sum
Structure Approval Status Plan Course Yolume [cm?] Dose Cover.[%] Sampling Cover.[%] Min Dose [%] Max Dose [%] Mean Dose [3%] A
Brain Approved TrtSRS_HGEM 1 15100 100.0 100.0 0.0 1049 23|«
Brainstem Approved TrtSRS_HGBM 1 26.3 100.0 100.0 0.6 65.8
Chiasm Approved TrtSRS_HGBM 1 0.5 100.0 100.1 0.7 23
GTV Approved TrtSRS_HGEM 1 1.0 100.0 9.7 a7.4 104.9
OpticMerve L Approved TrtSRS_HGBM 1l 0.3 100.0 994 0.1 23
OpticMerve R Approved Trt5R5_HGBM g 0.3 100.0 1004 0.3 2.0
OpticTract_ L Approved TrtSRS_HGBM 1 0.1 100.0 100.1 0.9 40 g
OpticTract_R Approved TrtSRS_HGBM 1 0.1 100.0 929.9 0.6 09 07| >
PTV_17.5 Approved TrtSRS_HGBM 1 17 100.0 1003 752 1049 940 -
Brain-PTV Approved TrtSRS_HGBM 1 1508.3 100.0 100.0 0.0 9.6 22| -
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IGRT for SRS and fSRT
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Cone-Beam CT

Modern linacs: detect and apply < 1 mm translations
+ 6D0oF — gold standard for verification of initial set-up
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Stereoscopic kV

.rr ‘;::wm{n:u“srg o ok § ©Tube! @Dual ( Tube2 ,[ 1:::,«..;.:;:.:qsm: i SET () Detect and Correct
l ’:_] - ,, i —mm b N "
_ﬂ‘ ‘ = ¥ small positional errors
i T 0
| |y gy (0.5 mmand 1°)
E [\"i ually inspect the fusion result for correctness. taterat [ +06mm [ s02 i 2 E. g

» Non-coplanar imaging:
Intra-fraction motion
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» Overall system accuracy within tolerances appropriate for
radiosurgery (Lamba et.al 2009; Solberg et al. 2008; Ramakrishna
etal. 2010)
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Surface-Guided Radiotherapy

Surface tracking, not IGRT (monitoring intra-fraction
motion)

However, can be used to pre-position patient ready for
IGRT

Non-ionising, continuous monitoring (4)IAEA



summary

O

e The line between dedicated stereotactic linacs and modern
non-dedicated linacs is significantly blurred

e Modern SRS uses stereotactic masks rather than frames

o With IGRT, the need for an external frame of reference is
diminishing

 Patient set-up must be verified before treatment




Any Questions?
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