s

Radiation Treatment Planning
with PET/CT

What is Radiation Therapy?

&ﬁkﬂﬂﬂ

Linear Accelerator for
Radiation Therapy

R

Linear Accelerator for
Radiation Therapy
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Linear Accelerator for
Radiation Therapy

Temana
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Simulation

1. Align Tumor at
the Tx machine
rotation center
with fluoroscopy

CT-Simulation

'&"M'&W

Radiation Treatment Planning

1. Target&
Organ
contouring

2. Beam
arrangement

3. Dose
calculation

. Evaluation
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Simulation

2. Mark at the
patient skin for
reference

PET/CT-
Simulation

The Planning Dilemma
Where is the real Target?




Definitions
of Tumor
for
,\ Radiation
‘o Therapy

'&;‘.ﬂiﬂﬁﬁ

Impact on Patient
Management for NSCLC

* FDG-PET can change patient management,
most frequently from radical RT to palliative
treatment.

Mah, Caldwell, Ung et al. JROBP 52, 2002

In7 of 30 (23%) of cases deemed suitable for
radical

Bradley, Thorstad, Mutic, et al. JROBP 59, 2004
In 8 of 26 (31%) of cases deemed suitable for
radical

w&ﬁu'ﬂ

Example: FDG-PET decreased
the target volume
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Radiation Treatment Planning with PET/CT

Impact of PET on RT planning

* Patient Management

* Size, Dosing, and Coverage of GTV and
PTV

* Observer Variability in Defining GTV

P ougnn

GTV with CT alone

&
%Iﬁﬂ“}

Is it tumor, atelectasis, pneumonitis,
normal mediastinal structure?

Reduction of inter-observer
variation

CT alone
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Case: Target Definition

(M/69),
Unresectable
Nsclc

> Staging by
PET/CT

>RT planning
with PET/CT

Different Viewpoints on PET/CT Imaging Procedure

» Viewpoint of Nuclear Medicine (CT corrected PET)
- CT used for attenuation correction
~ CT assists NM doctors in the interpretation of images
[CT transmission > PET emission -> AC Reconstruction
- FUSION -> Interpretation]
= Viewpoint of Radiation Oncology (PET pius CT)
- CT used as primary image for radiation dose calculation
- PET assists RO doctors in the delineation of target volume
[CT transmission - PET reconstructed > CT enhanced]

FUSION > RO! and Target delineation > RT Planning
FPoguna

-9 -

Case: Target Definition

PET tracer
activities
enables
distinguishing and |
segmenting real |
biological
target volume
(B1V)

Case: Target Definition

8y model of Kiva,

Volume factor=1

@ ol b L

HUSH PET/CT System

DICOM

Discovery ST, connectivity
Image acquisition

Syntegra,
Image Registration

Syntegra,
Contouring

innacle3,
Virtual simulation
& Dose calculation

Treatment Delivery

X -




HUSH PET/CT I6RT System
- Phantom study on PET/CT Registration

* Initial hardware coregistered images :
2~3 mm (half of oblique pixel dimensions)
¢ After aligning pixel center : ~ 1mm

%mxm;

Problems in PET/CT IGRT, setting the level & window

Window & level setting for PET-guided contouring
Level=0.36 -> 0.50 > 0.6¢ -> 0.70 -> 0.80
Window=0.08

HUSH PET/CT I6GRT System
- Target Delineation Method

o BEEYR
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Problems in PET/CT IGRT, setting the level & window

Tracer activity (Bq/mL)

Levarzy
Window=1

@ENQ%‘Q

Problems in PET/CT IGRT, setting the level & window

window & level setting for PET-guided contouring
Level=0.36
Window=0.08 > 0.2 2> 04 > 0.6

%ﬂﬂﬁtﬁ

Different Rules for Contour
Definition

TABLE 3
iy Lutora Db 1 Cuegony Dadrdion: Paliees wif U5

B il
o Vawe e B 0
i H

e #E 238
24 3 WM tds
[ BY s

i e Wk GBI S AN W TR R,

Nestle U et al. J Nucl Med 46(8) %‘i e
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ELTORIAL

* WHAT IS THE OPTIMAL PET VOLUME FOR RADIATION
THERAPY?

* WHO NEEDS TO CONTOUR THE PET VOLUME—THE
RADIATION ONCOLOGIST OR THE NUCLEAR MEDICINE
PHYSICIAN?

*  WILL TREATMENT OF PET-DEFINED TUMOR IMPROVE
OUTCOME?

* WHAT ABOUT TUMORS THAT ARE POSITIVE ON CT BUT
NEGATIVE ON PET AND VICE VERSA?

o

Spatial Resolution Issue

-
PET-based Contour The resolution is only 3.76 mm
- Interpolated by bi-linear algorithm
n—

PET-based Contour after 3D Expansion of One Pixel

’@lﬁ’ﬁ

Spatial Resolution Issue

/Lunm

PTV’=4.4x4.4x4.4 cm®

=85 cc =>33% m::&gsed
BUNR

PTV=4x4x4 cm*=64 cc

PET/CT & Table Alignment

PET/CT & Table Alignment

Ant

coronal SE—

Misalignment Check Tool




Summary

* PET/CT provides metabolic and
anatomic information.

» PET/CT provides accurate co-
registered data for RT planning.

* For RT, positional accuracy is important.

* The role of PET in RTP is just began,
Iore experiences are necessary.

Fagaun
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