Jean Pouliot, Ph.D.

Professor
UCSF Comprehensive Cancer Center *
San Francisco




1. Understand the basics of MV.
Cone-Beam €l imaging

2. Understand the possibilities of:
daily 3D Imaging for patient
alignment and other applications

3. Understand the clinical roles of:

Image-Guided (IGRI) and Dose-
Guided (DGRT) Radiation Therapy.
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= Description of MVCBCT

= Fan Beam vs Cone Beam
= Basic Principles and Characteristics
= |mage Samples

= Workflow of IGRT with MVCBCT

= Acquisition, Reconstruction & Registration
= Absolute Positioning & Alignment Presicion

= Clinical Applications
Patient positioning
Monitoring of:anatomical changes

larget delineation with Gl non-compatible
objects

Tomosynthesis, Brachytherapy; etc.

PDose calculation to assess dosimetrical
Impact

= Dose-Guided Radiation Therapy
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Fan beam CT

1 slice per: rotation
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Cone-beam CT

Volume CT Scanning
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Entire velume in 1 retation
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VVision™ generates a 3D
Image ofi the patient anatomy.
from the same x-ray beam
(6MV) used Tor treatment.

Image and Xx-ray: beam, share
the same isecenter.

Patient S anatemy in
treatment pesition, mements
Pelone dose deliveny:

Uni ity of California, San F i
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Eourtesyleiike Langen Eourtesy ofi=EYin
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Half: rotation: 200 degrees
Acquisition ~ 45 Seconds
Acquisition + Reconstruction < 2 min.

24 Cm X 27 e x 27 ecm Bieldioi View
Volume of 256 X 256 X 270

Pixel size (0.5 mm)?°

Iypical dose: 2 te 9 cGy

Accurate Electron Density

Uni ity of California, San F i
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MV CBCI
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Prostate
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MV CT: G~ e{C)'¢
KV CBCT;: < 4 cGY
MV CBCT: < 9 cGyY
KV CBCT:: < 12 cGY

Islam M. et al., Patient dose from kilovoltage cone beam computed tomograhy imaging in
radiation therapy, Med. Phys. 33 (6), pp1573-1582, June 2006.

\Wen. N., Skin and dose measurement measurement for Cone-Beam CI; during IMRT for.
prostate patient, [|H-D-ValB-02

Hendee WR; Ritenour: ER. Medical imaging Physics; Eourth Edition. NewYork: Wiley-Liss; 2002.

Morin et al., Patient Dose Considerations for Routine Megavoltage Cone-Beam CI: Imaging,
Med. Phys. 34(5); 1819-1827; 2007.

Veeks SL et al., Performance Characterization of. megavoltage computed tomography
imaging on a helical tomotherapy unit:

Wen N, Guan H; Hammoud R, et al. IiH=D-ValB-02: Skin'and Body Dose Measurements for.
Varian Gone-Beam Gl (CBC) During IMRI; for. Prostate Gancer. Med Phys 2006;33:2250.

HillFVIJAL, Variation in Biological Effectiveness of X-Rays and Gamma Rays with Energy,
Radiation' Protection boesimetry (2004); Vol 142, No: 4, pp:471=461
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1) The patient and the cone-
Peam acquisition mode are
selected at the treatment
consele.

2) Iihe linac gantry. Is|placed
N Sstarting| poesition, namely.
270 degrees.

% University of California, San Francisco




MV Cone-Beam CT Acquisition and Reconstruction

Coronal Sagittal

f:; s ii
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MV CBCT - CT Registration

4) Upon completion of the reconstruction image, the cone-beam
image is automatically loaded in the Adaptive Targeting Sofware™,
and the CB to C1 image registration Is performed automatically: in
few seconds using a mutual infermation algerthm.
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Geometric Calibration
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Roeconstrucied seed postion using geometric calbration (Pmat ) of the Day
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1) Place a small fiducial
marker at isocenter
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2) MV CBCT Imaging

Q

3) Verify position of the
fiducial in the
reconstruction space

No re- callbratlon for 8 months |

Difference in the seed reconstructed positon usng Pmat from (Nov 04 - Same day)
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2D (EPID) vs 3D (MVCBCT) Setup Methods

3D method: CT with MV CBCT

Alignment of 3 Gold Seeds
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Patient pesitioning

AAPM 2007, Session: CE: Daily Localization - MVCBCT, Jean Pouliot- U.C.S.F.

Head & Neck
Lung

Spine

Chest

Breast
Prostate




Patient Alignment
Daily or weekly imaging

Planning or DGRT

Imaging once or twice

Head and
neck

Exposure (MU): 5-8 (bone).
Recon Size: 256 x 256

Slice Thickness: 1 or 3 mm
FOVz: exclude eyes if possible
Kernel: Smoothing -H&N

Exposure: 10-20 MU

Recon Size: 512 x 512

Slice Thickness: (1) to 5 mm*
FQVz: exclude eyes if possible
Kernel: Smoothing -H&N

@hest or:
Breast

Exposure (MU): 5-10 (bone).
Recon Size: 256 x 256

Slice Thickness: 1'mm
FQVz: fullllength

Kernel: Smoothing -Pelvis

Exposure: 15-20 MU

Recon Size: 512 x 512

Slice Thickness: (1) to'5 mm*
EQVZz: fulllength

Kernel: Smoothing -Pelvis

Pelvis

Exposure (MU): 3-4 (seeds), 4-7.(bone),
8-12 (soft-tissue).

Recon Size: 256 X 256
Slice Thickness: 1 mm
EQVZz:fulllength

Kernel: Smoothing -Pelvis

Exposure: 15-20 MU

Recon Size: 512 x 512

Slice Thickness: (1) to'5 mm=
EQVz: fulllength

Kernel: Smoothing -Pelvis

= Best to reconstruct with 1"mm slice thickness andiresample images to 3 or: 5 mm for; planning applications.
1"mm will\produce too'many:slices for-most planing systems.
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= Patient alignment with' gold markers since 1994

= Offine verification (1997)
= Online verification (Daily alignment since 2001)
= > 800 patients -> Clinical routine . .

Inferior Inferior
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sigma = 1.3 mm
Patient setup > organ motion

m Post-Prostatectomy, (Schnifferetal. 2005): - . .Prostate bed moyves, but less

m [Tong-term =up W/ MRS (Pickett etal: 2006) - . .. ShOrter metabolic atrophy,

Minutes, not seconds

m PDualiiarget Adaptive Strategy; (xiaetal., 2007): - - - Lymphnodes Boost
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MV CBCT Acquisition -Pelvis

SUPERIOR

INFERIOR




Intra-Eractional’ Prostate Vietion Study

Measuring Prostate Motion

Organ Motion between Organ Motion during Dose Delivery
Set-Up Image and Start of Dose Delivery

Portal Image Marker Position Marker Positions in Frame #57
Nu®

Dose Delivery Marker Position Marker Positions in Frame # 53

Time Difference ~= 6 min Time Difference ~= 1.2 sec
Marker Center of Mass Shift =5.6 mm Marker Center of Mass Shift = 7.0 mm




All Displacements

Between Setup and Dose Delivery > 2 mm

%5
i
i

<2mm >2mm >3
Magnitude of CM Displacements t~ 3-18 sec tw1-2 min

32% > 2 mm
10% >4 mm
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Prostate Is stable during short time periods (i.e. radiation delivery)

Prostate motion more likely: during lenger; time periods (i.e. between setup and
radiation delivery)

Viotion appears to be due mostly to gas in the colen/rectum

Respiration has little’ effect on ergan motion

AAPM 2007, Session: CE: Daily Localization - MVCBCT, Jean Pouliot- U.C.S.F.




50% Blend
Reference CT MV CBCI CI-MV. CBCT:
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As fast, objective and/less dose than EPID+markers,

Provides additionallinformation
- Volumetric info: Rectum; bladder; etc.
- Prostate contours -> Dose recalculation

Uni ity of California, San F i
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Daily Prostate Alignment with MVCBCT

LINDER FREDERIC «
IDA1523056  DoB 1BH925  Male

AT
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ADAPTIVE STRATEGY.
for Pelvic Nodal Irradiation in the Treatment of Prostate Cancer

Problems in concurrent IMRT treatment of prostate with pelvic
lymph nodes: Independent movements of prostate vs nodes

~'i"¢= TR TIRE

iIso Shift prostate-MLC shift

Courtesy of Ping Xia, UCSE 2007
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Patient Setup: Prostate Bed

Irradiation of; postprostatectomy. patient

\Viarkers are distinguished o
surgicaliclipsiiordaily alignment

Uni ity of California, San Franci
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Hip Prosthesis

Complementing CT with MVCBCT for planning purpose

.

1L
ALY
W I Regular Gy
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Make the target delineation difficult
Disturb the Hounsfield Number;
Hide the gold markers on EPID
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Organ Segmentation with Hip Prosthesis

“In 2005, in Europe
and U.S., more than
500,000 hip joints have
been replaced.”

The US Academy of
Orthopedic Surgeon

BErimages are particularly
useful to help delineating:

ihe anterior rectum wall. //

ihe |lateral extension of the prostate: in the
median plane.

Jdihe bladder.neck

ihe prostate volume contoured with the help o VIV,
EBEiywas oftenismaller:than what could be guessed
from theregular Gipin presence of artifacts;
pPreventing overdesage of: the rectum:
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HDR BRACHYTHERAPY
FOR PROSTATE PATIENT WITH
BILATERAL HIP PROSTHESES

MaDescovichyABS=20006;
MVCBCi procedurefor HDRIBrachytherapy
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H&N Patient with' Dental implants

X-ray film

i
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Case report

B Surgery + supporting hardware + poest-op IMRT
= Spinal cord tolerance limits Dx (palliative)
= |mage hardware artifact

= |mpairs target delineation

= hinders treatment vernfication

VIV CBCI -> larget definition
-> Daily’ S patient alignment
-> |mproved confidence Px (curative)
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MVCBCT n P . CSF
§ JL ) JL=UL dll VoD JCall - OulliolL = U. .0
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IGRT with MVCBCT of Paraspinous Tumors
in the Presence of Orthopedic Hardware

'.% University of California, San Francisco

AAPM 2007, Session: CE: Daily Localization - MVCBCT, Jean Pouliot - U.C.S.F.




Case Report

Lateral setup error

Daily Setup Errors (cm)

§
:
i

Vertical setup errce Longitudinal setup error

Setup erroe {em)

Setup error (om)

Fraction &

Hansen et al.; Int. JiRadie. Biol Phys: 20065 1N press

Uni ity of California, San F i
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Patient with non-small lung tumor treated with IMRT
Lu N g Tumor position fairly stable on fluoroscopy
Hypo-fractionated: 8 Gy x 5 fractions

Bony Alignment'
a)

Tumor Alignment:
d)
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Head and neck patient
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> 68% of the 2D and 3D isocenter shifts agree within 2mm

»> Overall, MV CBCT resulted in more clinical shifts than
portaliimaging

Gillis; A% etali [JROBP; Volume 63; 11 0ctober 2005, Pages S351-S352
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Patient setup: Head & Neck
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Patient setup with EPID
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Anatomic Change: Weight Loss

DEVAL Day 24
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Anatomic Changes

DAY 1

v

T 7
W4

»> Weight Loss

> umor; 2 8
shrinkage s

Ve b %y

Bucci, K., Gillis, A., et al. JROBP, Valume 63, October 2005, Pages S357-S358
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Monitor Anatomical Changes

Weight Loss/ Tumor Shrinkage
(After 3 Weeks of Therapy)

ISstheamtialiplanistlivalidy:
VYWhenstoweplany,
VWhataSstheld oSimetncalampacty,
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Dose Calculation with MVCBCT

« MV CBCT
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MV CBCT
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than 3% and 3 mm
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Comparing dose distributions

MVCBCT1 T MVCBCTZ2
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Dosimetrical Impact of Weight Loss

Week 1 _; iEESE Differences in dose

\ \ distribution due to
anatomical changes

A(%) >5% Il

>10%

Dose Difference §J
. 7,,\‘,‘.—42

UCSE university of California, San Franci
AAPM 2007, Session: CE: Daily Localization - MVCBCT, Jean Pouliot - - SISISREEES




Availability of the
Dose Distribution “of the Day"

Apisamthanaraxa & Anatomical w Biological Target Vol
Chao,RADIATION P o

gg&?ﬁc“ 103128, A): Metabolism (FDG), B): proliferation (FLT), C): hypoxia (Cu-ATSM),

D): angiogenesis (MMP),

= Enables Dose-Guided Radiation Therapy:
DGRT is an extension of ART where
constitute the basis of treatment
modification and validation.
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MVCBCT1

Week 1 Week 2 Week 3 Week 4 Week 5

2) CT1 (solid) va. MVCBCTY (dashed)
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MVCBCT1

Week 1 Week 2 Week 3 Week 4 Week 5

¢) CT1 (sold) ve. MVCBCT2 (dashed)
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MVision is a reliable, fast and efficient |IGRI tool
-> Has been used >3000 times on patients

Provide SD anatomy ofi patient in treatment pesition
-> Patient Setup

-> |Vlonitering of anatemical changes

-> Jlumor evolution

Accurate electron density ior dese calculation
-> /ASSESS desimetrce Impact
-> Planninglin' presence ol high=Z material

Allows dese re-calculation fer DGR
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UCSE Siemens
Michelle Aubin Ali Bani-Hashemi
Jean-Erancois Aubry. Fahard Ghelmansarai
Josephine Chen Paco Hernandez
IHong Chen Dimitre Histrov
Cynthia Chuang Bijumon Gangadharan
Viartina Descovich Matthias Mitschke
Bruce Faddegon

Amy. Gillis
Alex Gottschalk
@livier-Morin RIS Woerk IS supporied

Viack Roeach Il by

Joycelyn Speight
Cynn Verhey

Ping Xia
andiseveraliethers::.

Siemens ©.C.S.

Uni ity of California, San F i
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