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Learning Objective

1. Learn to incorporate QA for surface imaging
into current QA procedures for IGRT.

2. Understand the advantages and limitations of
surface imaging for clinical use in breast
radiotherapy and cranial radiosurgery.

Learn about the potential use of surface
imaging for real-time motion tracking.
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=@ Integrate surface imaging isocenter
congruence testing into current IGRT QA

@ Describe the commissioning process of surface
Imaging systems for whole breast radiotherapy

Learning Objective

= Describe the commissioning process of surface
imaging systems for whole breast radiotherapy
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Acceptance: Isocenter Coincidence

=@ “If individual errors are small by themselves,
cumulative system accuracy for the
procedure can be significant and needs to be
characterized through an test
using phantoms with measurement detectors
and imaging” (TG-101)

TG-142: Imaging & Treatment

- ~ - - =
Isacenter Coincidence
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CT (kV and MV}




IGRT QA Goals

= To develop an end-to-end test to characterize
iIsocenter coincidence:
= Planning CT
. MV
kv
CBCT
Surface imaging

’

3D . v VisionR

Vision RT's imaging technology employs stereo
viston techniques, by viewing an object through
two cameras from different perspectives

[reps—

-
Camera calibration is performed to determine the optical a l I n rt ®
as well as the positions and or of each

data camera with respect to iso-centra

Patient Setup and Surveillance

gatect®

Through the process of triangulation, the Real Time Tracking For 4D CT Reconstruction
actual 3D position, with respect to iso-centre,

of any set of corresponding points between
two cameras may be denved

gatert®

A Markerless Respiratory Gating
L N

To compute the 3D surface model, a
pseudo-random optical pattern is projected
onto the patient. All visible comresponding
points are determined automatically and the
3D surface model is computed

8/4/2013
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Multiple Imaging Modality Isocentricity

(MiMi) Phantom from Standard Imaging

O

“The MIMI Phantom incorporates five bone equivalent rods
uniquely set so that four of them intersect at 90° angles when
viewed in DRRs or a 2D projection image. The rods traverse
the entire phantom making them visible in any image or slice
allowing for easy 2D/2D and 3D/3D matching for fast
verification of isocenter position.”

3D Cone Beam CT

MV/KV x-ray

Lasers and Couch Table Adjustments
Optical Guidance Systems
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|/|F|f|i ‘nantom Makeo fer

DICOM Transfer to TPS
(Verify Geometric accuracy)

DICOM Transfer from TPS with
DRRs and RT Structures

Introduce
Known
Physical Shift
& Measure
Accuracy

Bissonnette et al, Int J Rad Oncol
Biol Phys, 71(1) S57-S61, 2008.
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MiMi Phantom A Cl Scans

.

Center Phantom in MV Isocenter
by Imaging at 4 Gantry Angles
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NMeasure Offset to kV Isocenter
by 2D/2D Match at 4 Angles

Measure Offset to CBCT |socenter

Phantom, MiMi 1D: 028 3D/ 3D Match
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=@ Integrate surface imaging isocenter
congruence testing into current IGRT QA

Commissioning

“Commissioning tests should be developed
by the institution’s physics team to explore in
detail every aspect of the system with the
goal of developing a comprehensive baseline
characterization of the performance of the
system.” (TG-101)
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APPENDIXD PERFORMANCE AND ACCURACY CLAIMS

Accuracy

3D surface data:

Root Mean Square (RMS) error® of surface dat

Positioning accuracy:

RMS target registration error” (TRE) <1mm

F5D measurement;

RMS error® < 2mm

Contour extroction for 30D planning:
RMS error of skin contour data < Imm

Dosimetric errors” for breast planning < 2%

Calibration Drift:

Typically® < Imm per menth

Dase errors ta the

" the cameras have nat been knocked snd that the buibding structure to which they are attached has not

Com T‘I‘Ii'-'.iUI“I”‘Iffﬁ

Translational ¢ fational Accurac

: .. VRT, LNG, LAT &
M L AT Shift = Shift = 2.0cm

Eomll Enoribstes
-0.04cm
-0.07cm

g

All Sh'ifts =0.0cm # Rotation = 10° &% Rotation = 45°

11



8/4/2013

Commissioning: Whole-Breast R

@ While the patient’s surface is a good surrogate
for the target, the quality of 3D surface
registration could be compromised by
deformation

We investigated the reliability of 3D surface
matching using AlignRT compared to
positioning using skin marks followed by MV
portal imaging for whole-breast radiotherapy

( )

Commissioning: WBR

= Absolute or Relative positioning?

Use same DICOM surface throughout treatment
Reduce systematic errors?
Reduce frequency of filming?

Capture new reference surfaces
Reduce intra-fraction errors?
Relies on use of “other” IGRT modality

12
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WBRT: Method

@ 11 patients:

= Positioned supine with both arms above the head
= Immobilized on alpha cradle and slant board
= No respiratory gating

=@ Verification of breast positioning includes:
= Setup to skin marks using lasers/tattoos
= MV verification & alignment
= Orthogonal pair (AP & LAT)
= Tangential portal images

WBRT: Method

= 3D “reference” surface generated from
planning CT scan (slice thickness = 3mm, pixel size = 1.07-1.37mm)

AlignRT ( ) use to capture surfaces but
for patient alignment:

= 28 Pre-shifts (after correction for rotations using MV)
= 41 Post-shifts

= 162 Daily (non-filmed fractions)
m Statistical analysis:

= PTV margin using van Herk formulation
= 95% limits-of-agreement ( ) range

13



WBRT: Methods

i

3D Surface ‘Entire’ ROI ‘Breast’ ROI
from CT data

WBRT: AlignRT Translations & Rotations
¢ 0.0 {1 Entire Surfa =

VRTI'I'II'II 2,0

LNG mm 2,2

LAT mm

MAG mm

CAMERAS (1,2,3)
@  IEC 60601-2-1

8/4/2013
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WBRT: Filmed Fractions Results

Body mass index (kg/m2)

Median (range) 29 (23-36)
18.5-25 (normal) 3
>25-30 (overweight) 4
> 30 (obese) 4

PTV Margin (mm)
AP CcC
MV Films 54 13.4
Entire surface Pre-Shifts 10.2 9.8
Breast surface Pre-Shifts 9.2 8.3

Results presented in Poster SU-E-J-56.

WBRT: Filmed Fractions Results

LOA range (mm)

AP CC
Entire Surface 12.8 / 21.1)
Breast Surface 12.6 ( 21.9
Entire Surface 9.8 \ 13.6
Breast Surface

Pre-shifts

Post-shifts

AP
Entire surface 0.49
Breast surface 0.47

Results presented in Poster SU-E-J-56.
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WBRT: Intra-patient & Inter-fraction

Iy M= T i P P
variability of breast st
Patient A Patient B Patient C
j Intra-patient

Fraction 1

uonoelj-1squ|

Fraction 3

WBRT: 162 Daily Fractions Results

Entire Surface Breast Surface
+

delta {mm)
delta (mm)

Box plots show the 25", median and 75" percentile values.
The bars indicate the smallest and largest non-outlier values. | &2 |

Red crosses designate outliers (values beyond 1.5*interquartile B
range from the 25t and 75t percentile values). \%‘:yj

16



8/4/2013

WBRT Example:
First Day Orthogonal kV Films

o r— —=

WEBRT Example:
First Day Tangent MV Films
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WEBRT Ex: First Day Entire Surface

Entire Surfa i

VRT um
LNG um
LAT um
MAG am
-0.2
Roll® 0.3

Pitch® -0.7

CAMERAS (1,2,3)

WBRT Ex: First Day Breast Surface

# 0.0 {71 Setup Breas =

VRT mm |

LNG mm |

LAT mm l

MAG mm 3.6

Yaw® -0.3

Roll® 0.4

Pitch® -0.0

GAMERAS (1,2,3)
@ IEC 60601-2-1
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WBRT Ex:
241" Treatment Tangent Films

WEBRT Ex:

24 Treatment Entire Surface
g 0.0 <2

CAMERAS (1,2,3)
® IEC 60601-2-1
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WBRT Ex:

24t Treatment Breast Surface
& 0.0 i Setup Breas =

2.3 ‘

LNG mm; ﬁ- ‘

LAT um
MAG mm
Yaw®

Roll ©

Pitch ®

WBRT: Conclusions

= Positioning to bony anatomy does not
necessarily provide accurate breast surface
alignment due to breast deformation
External anatomy can change throughout
treatment due to factors such as:
= Healing from surgery
= Swelling from lymphatic drainage
= Patient’s comfort level maintaining treatment position

=

20



WBRT: Workflow

Align patient o 3-point marks.

| s ptivt w0 Esocetar with Atigni- resst” 1ot |

|| Aion chingame whh Angrerr. cestie” x|

[ Take treatment capture I

[ Zero out any rotatlons by visual Inspectlon I

[ Take treatment capture ]

verify that skin marks are within Jmm
I L

Continue treatreent 'ﬁmdl‘il port flire

Shift greater than 3mm?#
] L
YES L
Take orthogonal films & shift accordingly
*

I Take treatment capture 1

Ooes the “Entive”™ RO manch
within Smm at this position?

Contlnue as usual Page Physlcs

Commissioning: Chestwall Sl vs. kV

Post-mastectomy chestwall targets expected to
be less affected by deformation than breast

We investigated the accuracy of 3D surface
matching using AlignRT ( ) compared
to positioning with daily orthogonal imaging
130 surfaces from 10 patients:

Immobilized with upper/lower custom alphacradles

Treated respiratory management

Treated with inverse-planned IMRT to cw + nodes

b
=

Setup with skin marks/ imaging only .
r- ,!J

8/4/2013
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Surface Imaging

CT DICOM Surface ‘All’ ROI ‘CW’ ROI

3D surface Image and ROIls selected for registration.

b
=

Registration of ‘CW’ (v4.5)

A.Surface Before'Registration B. SarfaceAfter Registration of ‘CW’

22



Identification of Unstable

Registration

= Rotational (yaw) changes > 1°
between consecutive surfaces:

= 2.3% of ‘Entire’ surfaces

= 3.8% of ‘CW’ surfaces

Rotational ( ) changes > 1°
between consecutive surfaces:

= 5.6% of ‘Entire’ surfaces

] of ‘CW’ surfaces

‘CW’ Correlation with kV (v5.0)

+ Ant-Past Slope =0.85
B Cranio-Caudal r=0.61
Left-Right

—Linear (Slope =1 , Intercept = 0]

Film Shifts {cm)

-1.5
Discrepancy between S| & kV
was > Q.?cm in 39% of surfaces.

AlignRT 'Indicated' Shifts (cm)

8/4/2013

23



‘Entire’ Correlation with kV (v5.0)

Slope =0.79
r=0.62

+ Ant-Pest
B Cranio-Caudal
Left-Right

——Linear [Slope = 1; Intercept = 0)

Film Shifts (cm)

-15

Discrepéncy between Sl & kV
was > Oé‘cm in 24% of surfaces.

AlignRT 'Indicated’ Shifts (cm)

CW: Filmed Fractions Ar

PTV Margin (mm)

AP
KV Films < 42 6.3
Entire surface Pre-Shifts 8.1 9.1
CW surface Pre-Shifts 12.2

LOA range (mm)
AP CC

. Entire Surface 11.5 12.1
Pre-shifts

CW Surface 12.7 15.8
Entire Surface 11.8 11.0

Post-shifts
CW Surface 12.8 15.4

8/4/2013
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Entire’ Correlation with Table Shifts (v5.0)

+ Ant-Post . Slope = 0.95
W Cranio-Caudal r=0.92
Left-Right

=——Lingar (Slope = 1; Intercept = 0)

-y
T
-1.0 -u.i...;"‘-i,ﬂ": 0.5

Film Shifts (cm)

™ “
"= pm-05
[
u
+*
[]

-1.5
Discrepancy between Sl & kV
was > 0.5cm in 1.7% of surfaces.

AlignRT 'Impl.ahented' Shifts (cm)

Example 1
Entire ROI: Roll Identified

1 all_patient =

VRT um : I

LN G mm

LAT um

MAG mm

Yaw®

-1.5

25
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Example 1

CW ROI: Roll Mis-interpreted as LAT shift

T cw

Example 2

CW ROI: Arm mis-positioned

s 0.0 = =

VRTam 9.2
LNGum 8.3
LAT wm
MAG.un 12.4
Yaw® -29
Roll®

Pitch °

26
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Example 2
CW ROI: Arm movement
¢ 0.0
VRTI“HI
LNG mm
LAT am
MAG mm

Yaw®

Roll °

Pitch °

Chestwall RT: Conclusions

= Surface registration depends upon the ROI
= Asmaller ROI (‘cw’) showed:

= Larger LOA range compared to kV shifts

= Less stability when calculating rotations
= Before clinical implementation:

= Reconcile frequent mismatch (20-40%) between
kV & AlignRT shifts > 0.5cm

= |dentify “unstable” registrations (4-13%)

= Distinguish translations from deformations
s |

27



Frequency

Frequency

0

8

i

B

Entire ROI
Variahility between v5.0 &

Discrepancy between v5.0 & v4.5
was > 3mm in 41% of surfaces.

] mf“lh.. .

-9.5 -8.5 -7.5 -6.5 -5.5 -45 -3.5 -25 -15 -0.5 0.5 1.5 25 35 45 55 65 75 &5
Translational Differences (mm)

ROI:

Meen

Discrepancy between v4.5 & v5.0

was >3mm- in 38% of su[aces

[ |Jl II hillll--

-95 -85 -7.5 -6.5 -55 4.5 -35 25 -15 0.5 0.5 15 25 35 45 55 65 7.5 85
Translational Differences (mm)

8/4/2013
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Variability between versions: v5.0-v4.5

Pearson's correlation coefficients
v5.0 AP CcC
Entire surface 0.62 0.70
CW surface 0.58

Pearson's correlation coefficients
v4.5 AP CC
Entire surface 0.65 0.38
CW surface 0.65 0.66

Commissioning: Conclusions

Surface imaging systems must undergo
extensive acceptance testing & commissioning

Isocenter congruence must be verified for all
imaging modalities simultaneously
Comprehensive testing of AlignRT revealed
registration differences between v5.0 & v4.5
Commissioning of AlignRT indicates that
discrepancies are larger for:

= Registration to CT reference surface

= Registration of smaller ROIs

29
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Surface Imaging for Breast Cancet

of surface imaging:
3D modality
Real-time monitoring
No radiation dose
Highlights surface changes (with absolute reference)
of surface imaging:
Variations with ROI used for registration
Sensitive to deformation/difficult to interpret
Low correlation with MV films

- pr— =— g - - L X ~ ot - - e
ray Imaging for Breast Cancel

of MV/KV:
Focuses only on bony anatomy
Better surrogate for nodal treatment?

of MV/KV:
2D modality
Limited field-of-view
Radiation dose

of MV:
Low contrast
Subijectivity of alignment

30
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Workflow Decisions

Absolute vs. relative positioning
Region-of-interest (ROI) for registration
Elimination of skin marks
Threshold for discrepancy between Sl & films
Identification of “unreliable” registrations
Visual inspection of surfaces

A

B
Shahet al., PR®, 3:16-25,2013.

N

Does S| offer [’Jf:i”lf:‘fi‘i.’, f)'”'lf:}"‘ than

positioning accuracy?

Reduce filming frequency

= Requires positioning?

Improve patient safety

= Particularly for multiple isocenter treatments
Improve intra-fraction positioning

= Real-time monitoring throughout treatment
Improve throughput?

n=50 Before AlignRT AfterAlignRT
% of Patients with shifts < 1cm 64% 92%

% of Patients with shifts < 1cm; total time < 30mins 44% 72%

31
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IGRT with Surface Imaging

@ “Variability in repositioning is dominated by the
ability of therapists to make small, controlled
changes in the position of the patient.”

(Milliken et al., Int J Rad Onc Biol Phys, 38(4):855-866, 1997)

m Surface imaging does not preclude need for:
= Good immobilization
= Adequate PTV margins
= Common sense!
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