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Challenges for SBRT

How to accurately define target?

---4D imaging

How to accurately localize target?
---IGRT

How to obtain conformal dose and steep
dose gradients?

---3DCRT, Inverse Planning, IMRT,
VMAT...

How to reduce irradiated volume of critical
organs for a moving target?

--- Gating, Tracking...




SBRT Planning

Inhomogeneous dose inside PTV
Sharp dose fall-off outside PTV
High fractional dose --- High BED

Image
Guidance

v Target definition

v'Motion management

v'3DCRT or IMRT/VMAT
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AAPM Task Group NO. 101

Target Definition

Static Target: PTV = CTV+ setup margin

Moving P (for Lung)
setup margin

= Larger margin for irregular breathing
= MIP/MinlP only for target definition

Target Definition (ICRU 62)

Pancreas example
Lung example PTV : TV +2~3mm margin

Motion Management (Deliver
Gating Technique

Breath-holding Technique
Tracking Technique

Static Gating Tracking

Non-Gating (motion<=5mm)

Breath-holding technique
Respiratory Gating (motion>5mm)

Tracking technique




3DCRT vs. IMRT/VMAT

Spine/Prostate/Pancreas/HN
Some Lung/Liver ----- 3DCRT
» Advantages:
v Better dose conformity

¥ Easy to control/constrain dose to OARs
> Disadvantages:

¥ Higher MU, longer treatment time

v Interplay effect between target and MLC motion

Lung: Peripheral

Interplay Effect

VMAT/SBRT: TrueBeam 6FFF 1400MU/Min, 18GyX3F

Li, Yangetal, JACMP, 2013

Interplay Effect: Gated RapidArc
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Dose Profile

Quasar phantom with real patient data

Yangetal, Med. P
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Inhomogeneity Correction

Dose difference for targets from
PBC and AcurosXB could be
more than 10¢

PBC should not be used for
lung SBRT

RPC Thorax Phantom Eclipse PBC Eclipse AAA TomoTherapy CSA

S.E. Davidson etal, Med. Phys

Inhomogeneity Correction
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Acuros XB
Beam energy

Target size
Lung density
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6 MV 4.0 cm x 4.0 cm photon beam

Bushet al, Med Phys 38, 2011

Prescriptions and Dos Constraints

+ AAPM TG 101 Table 111
+ ROTG Protocols
« Lung: 0236, 0618, 0813 and 0915
pine: 0631
« Liver: 0438, 1112

These protocols specify detailed re
treatment planning:

Dose Prescription
Target Coverage

Dose Constraints




RTOGs: Lung
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Stanford: Volume-Adapted SABR
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Tamar ¥elume- Adapted Dosing in Stereatactic Ablative
Radiothesapy of Lung Tumars

Global dose maximum > nformity

120% and centered in GTV De ‘*;_;"/‘“”'""
V. PTV

100% of GTV receives S Volur

100% of prescription dose

MU optimization

Avoid beam entrance

through the contralateral { . Spillage:

lung when possible o

RTOG 1112: Liver Optional Priority Prescription Dose
Constraint | _Constraint
Allgwed

ver Veff Planned [ the maximum allowed MLD is exceeded

Allowe:
iver Dose Prescripion | atthis planned dose
- | MLoIGY Dose (Gy)
27.5-50Gyin 5 fx Reduce 0 45 Gy and re-evaiuate
Prescription dose based

on mean liver dose

Cover 95% of PTV . Red

Reduce 10 40 Gy and re-evaluate

Reduce t0 275 C
Stanford 5 - 64% 17.0 27 Ineligible
Dose values in this table should be read as physical dose for photons, or RBE-
ted 1 -
22Gy-60Gy in 1~5F weighted dose for protons (assuming RBE = 1.1).
DT [537 Gy per protocot variation acceptable | deviation unacoeptable
500cc liver <7Gy hagus max 32 but <34 Gy 34 Gy

Stomach max 1o
700cc liver <12Gy c

5 but <28 Gy
Soc 1512 G
Kidneys. Bilateral mean dose
Dose values in these tables should be read as physical dose for photons, or RBE-weighted
dose for protons (assuming RBE = 1.1).




RTOG 0631: Spine

Prescription: 16 or 18 Gy in 1 fx

Dose constraints:

Spine Cord: Dmax (0.03cc)<14 Gy
V10<3.5cc

Esophagus: Dmax (0.03cc)<16 Gy
D(5 cc)<11.9 Gy

Stanford

Prescription: 18 or 20 Gy in 1 fx
240r 27 Gy in 3 fx
Dose constraints
Spine Cord
1fx: Dmax <14 Gy, V10<0.35cc
3fx: Dmax<20 Gy, V15<lcc

Esophagus:

1fx: Dmax <10 Gy, V5<lcc
3fx: Dmax <20 Gy, V12<lcc

Target Localization & Plan Delivery

Pre-Treatment Setup
(kV/MV, CT/CBCT)

Plan Delivery &
Beam-Level Imaging
(kV, Fluoro, Cine MV,

kV/MV CBCT)

Post-Treatment
Image & Data
Analysis

Novalis - Brainlab

Pre-Treatment Setup

Accuracy
Spine 1~-3mm
Lung <5mm
Abdomen <5mm

M Task Group!
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arget Positioning: Spine
Assossment of Setup Accuracy Using lmmediate
Post-Treatment CT
3% Positional setup accuracy with CT-
quided correction d by an
immediate post-treatment CT

£ 100

0.00 = 2 joui =
e ZRIISE =, 15 cases with 90 isocenter setup

ng et al, IROBP,
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Roll  04+05  0.4+05
Pitch  03+05  0.4+05

166 cases

Target Positioning: Lung
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Fluoroscopy Verification
T It S
Fluoroscopic imaging to verify
target motion and gating window:

Yellow: in gating window,

: out gating window,

Gating window should be adjusted
so that fiducials fall within tracking %
structures when beam is on. A &




Beam-Level Imaging: kV Imaging
WL o=m4i . ¢

Beam-Level KV images for the same pancreatic SBRT case

Beam-Level Imaging: Cine MV Imaging

Advantage:
» No dose, ‘free’ information

» Beam eye view

Disadvantage:

» MLC blocks image

» Image quality

3D tracking if combined

with kV imaging Images courtesy of Azcon

Azcona, Li

Post-Tx Data Analysis: Beam-Level kV Triggered Imaging

Verification of Intra-fraction geometric accuracy of SABR

* 20 SABR patients (lung

« RPM-based gating treatment

* Geometric error: 0.8 mm on average; 2.1 mm at 95th percentile

gL, etal. IROBP, 2012




Data Analysis: Beam-Level kV Volumetric Imaging

ntinuous fluoroscopy during
dose delivery

« In-house program for CBCT
reconstruction

gL etal, IJROBP. 2013

Post-Tx Data Analysis: Beam-Level MV Volumetric Imaging

Bean-L evel M
RapidArc

Dynamic Arc Images courtesy of Tianfang Li, Ph.D., UPMC

Summary

4D imaging is required for accurate motion management
New techniques (Inverse planning, IMRT/VMAT,
Gating/Tracking,...) can improve target conformity and
critical structure sparing

Patients should be positioned with IGRT

Beam-level imaging is a necessary step to insure accurate
SBRT delivery







